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PRETACE

This réport on the feasibility of utilizing SKYLAB spacecraft
photography to provide control for small scale mapping opera-
_tions was prepared so as to enhance the comprehension of those
readers not familiar with the principles of analytic aerotri-
angulation procedures and the SKYLAB Earth Resources Experiments
missiomn.

All of the work involved in this study was performed in the
offices of, and 6n equipment operated by, the National Oceanic
and Atmospheric Administration., National Ocean Survey/Coastal
Mapping Division, which is located in the Washington Science

. Center, Rockville, Maryland. Computer processing was performed
on a CDC 6600 computer operated by NOAA and located at Suitland.
Maryland. -

The author wishes to express his sincere appreciation to Mr. D.
Norman and Mr. I. Raborn of the Aerotriangulation Section who
performed the photocoordinate measurements, assembled the data,
and processed the material through the analytic aerotriangula-
tion system of computer programs. Thanks are due to Commander
W. V. Hull, Chief of the Coastal Mapping Division, and to Mr.
€. Slama, Chief of the Photogrammetric Research Branch, for
allowing the author to provide the time and effort needed to
bring this study to a successful conclusion. A firal vote of
thanks is due Mrs. M. Taglieri, secretary for the Photogram-
metric Research Branch, for her patience and diligence in
preparing this report for delivery to the National Aeronautics
and Space Administration.
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ANALYTIC AEROTRIANGULATION UTILIZING SKYLAB EARTH

TERRAIN CAMERA (S-190B) PHOTOGRAPHY

MORTON KELLER
NOAA, National Ocean Survey

Rockville; Maryiand
ABSTRACT

The objective of this study was to investigate the feasibility
of utilizing SKYLAB spacecraft Earth Terrain Camera (S-190B)
1:946,000 scale photography in analytiec aerotriangulation
procedures to provide low-order, high-density-control suitable
for small-scale mapping operations.

The long range application is the employment of this technique
for coastal zone mapping at medium and small scales, surveys
in remote areas, forest and range management, various planning
activities, and route location for highways, pipelines, trans-
mission lines, and canals.

The National Oceanic and Atmospheric Administration, National
Ocean Survey, (NOAA/NOS), office~identified the locations of
29 photo control points of known position and elevation on a
strip of 12 photographs ranging along a 350-mile track from
Charlotte, North Carolina, to the Rappahannock River in
Virginia. The coordinates of pertinent images on each photo-
graph were then processed through an established analytic
aerotriangulation system of computer programs.

The inherent errors in using nonmetric SKYLAB photography and
of fice-identified photo control made it necessary to perform
humerous block adjustment sclutions involving different combin-
ations of control and weights. The final block adjustment was
executed holding to 14 of the office-identified photo control
points. The accuracy of the solution was evaluated by
comparing the analytically computed ground positions of the

15 withheld photo control points with their known ground
positions and also by determining the standard errors of these
points from the variance values. A horizontal position RMS
error of 15 meters was attained. The maximum observed error
in position at a control point was 25 meters.
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BACKGROUND

A basic framework of horizontal and vertical gecodetic control
is esgential for coordinating surveys and the mapping of large
areas. In the United States, the first- and second-order
horizontal and vertical control surveys conducted by the
National Ocean Survey of the National Oceanic and Atmospheric
Administration provide this basic framework of geodetic control
Additional control surveys of third-order accuracy by various
federal and state agencies then subdivide or extend the basic
network by triangulation, traverse, and leveling methods in
order to bring the control intc the areas to be mapped. The
-control stations established by these surveys are usually
monumented for future use.

Photogrammetry is a system of measuring and interpreting data
recorded on photographs and is applicable to all sciences that
depend on reliable geometric measurements of physical quantities
occurring in a fixed or transitory state. The widest application
of " the photogrammetric art has been in the topographic mapping

of the earth's surface, where it provides an alternative and/or
supplement to conventional ground methods for establishing
geodetic control and mapping geographical features.

Photogrammetric mapping procedures offer certain worthwhile
advantages over ground methods, such as: 1. Detailed mapping
can be performed more accurately, completely, efficiently, and
economically than by ground methods. This advantage increases
with the complexity of the details, as, for example, in city
.and harbor areas and along irregular coasts; 2. otherwise
inaccessible areas can be more easily mapped; 3. maps can
generally be produced from photographs with less ground control
than 1is necessary for ground methods; and 4. the workload is
transferred to the office, where operations are independent

of weather and daylight.

Photogrammetry can provide the follow1ng prlmary services:

Provide three-dimensional stereoscoplc models of the -
terrain that can be set in stereoscopic plotting instru-
ments, so that planimetric and topographic details can
be compiled from these models. .
2. Extend the basic control network directly into the area
of photography by using aerotriangulation methods to.
bridge between the high-order arcs of existing control.
This procedure ylelds primarily fourth-order nonmonumented
control and minimizes the need for field work to establish
the photo control required to properly orient the stereo-
scopic models on the plotting instruments.



Aerotriangulation is a photogrammetric technique for deriving

the ground coordinates of objects from a set of overlapping
aerial photographs that show images of these objects and also

of a relatively sparse distribution of other objects whose
coordinates are known from classical measurements on the ground.
The two principal methods employed to determine the desired three-
dimensional ground coordinates for the objects are stereotriangu-
lation and analytic aervotriangulation. Stereotriangulation
depends on measurements made on a sequential series of overlapping
stereoscopic models formed on a high-precision photogrammetric
plotting instrument.: - Analytic aerotriangulation is a digital
solution based on observed coordinates of the images created by
pertinent objects appearing on each of the photographs covering
‘the area. The analytic sclution possesses a remarkably high
accuracy potential as compared to stereotriangulation, because

of the advantages accruing from automation, digital accuracy,
least-squares adjustment, and freedom from the mechanical
discrepancies contributed by the stereoscopic plotting instruments
In addition, the systematic errors such as camera-lens distortion,
film shrinkage, atmospheric refraction distortion, etc., can

be more effectively eliminated by analytic methods than in
stereotriangulation procedures. A disadvantage of the analytical
solution is that the computations are complicated and: require

a large-size electronic computer to contain and process the

large volume of data with economy and speed.

THE MATHEMATICAL BASIS OF ANALYTIC AEROTRIANGULATION

Several different variations in analytical aerotriangulation
techniques have evolved. However, all of the methods basically
consist of writing equations which relate the unknown elements .’
of exterior orientation of each photograph to camera constants
and refined x and y image coordinates observed on a comparator.
The equations are sclved for tlhe unknown camera orientation
parameters and the ground coordinates for each object creating
observed images on the photographs. Since more observational
information is normally available than is reguired for a unique
solution, the method of least squares is used to obtain the most
probable values of the unknown parameters in such a fashion

that the sum of the squares of the residual observatlonal dlS-
crepancies is & minimum,

The observation equations must - be linear with respect "to the
unknown independent parameters; otherwise, a direct solution of
the equations becomes difficult. If the mathematical model is
nonllnear, as most photogrammetric problems are, a Taylor's
expansion series is usually employed to linearize the equations.
The computation requires initial approximations of the unknown
parameters and is iterative because the second and higher °
degree terms of- the Taylor's series are neglected to 81mp11fy
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the mathematics. The least squares solution provides correctlons
to the approx1mate values of the parameters. If the initial
approx1mat10ns are coarse, the corrections are added to them,
‘giving fresh and improved approximations for a new solution.

Least squares is used again to provide another set of corrections,:
and the procedure is repeated until some criterion of convergence
1s satisfied.

The most commonly used analytic methods are designed to enforce
one of two conditions: coplanarity or collinearity. Coplanarity
is the condition that the two pérspective centers of an over-
lapping pair of photographs, any object point, and its correspond-
ing image points on the two piectures all lie in a common plane;
i.e., the rays passing through the two camera stations should
intersect at a single object point. The purpose of the computa-
tion is to minimize the distance between the two rays at the
object location. The observation equation utilized in each
object space angle thus contains the, four residual errors, v

\%
X 'y
on first photo and v, v,, on second photo, involved in measuring
the X and y image codrdifates on-each picture. This causes the
solution to become cumbersome and difficult to solve properly

when the object occurs on several or more photographs.

Collinearity is the condition that every object, its photographic
image, and the camera exposure station must lie on a common
straight line, as defined by the method of least squares in which .
the sum of the squares of the residual errors of image coordinate
measurement is minimized. Two observation equations are written
for every image and, except for the few control station images,
-contain only one residual error, . v, Or V_, in each equation.

This simplifies the application of least squares so that any
number of photographs can be routinely accommodated.

The principle of collinearity provides the basis for the NOS
-method of analytic aevotriangulation. The condition is utilized
in an iterative manner to determine incremental corrections to
initial approximations for the unknowns, which are reasonably
close to the correct values.

"COLLINEARITY CONDITION FORMULATION

The well known equatlons of collineation comprising the projective
transformation are:

. (X-X,)a,, +(Y-Yo)a,, +(Z2-Z,) a;,
Z {X-X,)a,, +(Y-Yo)Bey +(Z2-Z3) Qa4
. (X-Xg) a;, +(Y-Yo) 32 +{Z-25) aas
Z (X-Xo)a3y +(¥-Yo) Q33 +({2-2Zo) G3a
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where the a- terms are the nine elements of the rotation matrix
relating the x, y, 2z image coordinate system to the X, Y, Z
ground coordlnate system of the objects, and Xo, Yo, Zo are the
coordinates of the camera station expressed in the ground
coordinate system.

— N

COS P COS K coswsinn * sinw sin»
81 @iz G613 . +sin® sin o cos % -cosw sin® cos n
A={a;x 0Gzz gza] = -cosPsin® ° T CcoswWwcosX ) sinw cos =
@a1 Qaa Gaa -sinw sin © sin % +cos w sin o sin x
i sin @ -sinw cos @ COE W cos qu

A Taylor's expansion series.is applied to the transcendental
collinearity equations to obtain linearized observation equations,
which can then be solved for the linear independent unknowns by

the application of least squares. The complete-form of the
linearized observation equations is:

4+ - - + +P AB
vy = (P F 12dw+P dg!+? Jk= Plsto pdeo P 7dZo+P dX+P, AY+P; _dZ) /A,

dw+p23dg!+P dkeP dXo-DzédYo—P2?dZo+P25dX+P dY+P .,dz)/A B
where the nine terms dw through dZ are incremental corrections
to be applied to initial approximations of the unknowns. These
two equations occur for each image on each photograph. Block
adjustment requires the presence of all nine terms, whereas the
space resection computations use only the first six terms dw
through dZo. Sufficient photographs_and images are needed to
provide at least as many equations as there are unknowns to be
computed. The solution is iterative and terminates when the
incremental corrections to the angular parameters are smaller
than the observed precision.

(21 22

THE NATIONAL OCEAN SURVEY ANALYTIC AEROTRIANGULATION SYSTEM

Aerial Photography

The Coastal Mapping Division of NOS utilizes well calibrated
precision aerial cameras to secure the near vertical aerial
photography required for its photogramifietric operations. These
cameras include the Wild RC-8, 6-inch focal length camera and
the Wild RC-10 camera equipped with interchangeable 6-inch and
3.5~inch focal length cones.

The cameras are mounted in two aircraft operated by the Division;
one being a DeHavilland Buffalo, while the other is an Aero
Commander 6390A. The Buffalo is a twin-engined turboprop craft,
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having a cruising speed between 120 and 180 knots at altitudes
up to 32,000 feet. Its cruising range is 10 hours. The cabin
is unpressurized, thereby requiring the crew to use OXygen above
10,000 feet. The Buffalo has been modified to simultaneously
scocommodate three aerial cameras -moupnted in three hatches. The
plane is used on nearly all photographic missions conducted by

+he DPivision.

The Aero Commander 690A is a leased aircraft, employed to obtain
photography for airport surveys. I+ is a twin-engined turbo-

prop craft, having a cruising speed between 100 and 270 knots

at altitudes up tTo 32,000 feet. Its crulsing range is five hours.
The pressurized cabin permits the crew To operate without relying
on oxygen. However, this requires the photography to be taken
through an optically flat glass window which covers the single
hatch. A backup oxygen supply is available that permits aerial.
photography to be taken without the window in place over the hatch.

Photo Control Poin{é

Tn order to implement analytic aerotriangulation methods, it is
necessary to establish sufficient photo control to properly
orient the aerial photography. Photo control refers to the
establishment of horizontal positions and/or elevations with
respect to the basic framework of geodetic control monuments of
carefully chosen ground objects, which create sharp, distinct,

and easily identifiable point images on the photographs. The
positions and/or elevations are determined from the monumented
control network by third- and fourth-order triangulation, traverse,
and leveling methods. The photo control points selected in the
field are usually prominent natural or cultural features providing
sharp imagery on the overlapping photographs. Such examples are
road intersections, fence-line intersections, lone trees, cCOrners
of buildings and wharves, and smaller stacks or towers.

For the more precise photogrammetric surveys, the placement of
specially prepared targets on the control points, prior- to
photography, is desirable for facilitating accurate office
identification of the photo control points. The targets are
symmetrical in design, centered on the photo control points, and
are of sufficient size to show on the photography. The targets
are usually in the shape of a Y or a cross.

Pass Points

1

Tn analytical control extension, pass points are established in
the nine standard relative orientation locations on each photo-
graph. The pass points may be easily identifiable point images
similar to those selected as photo control points. Usually,



however;. the pass points are simply holes drilled into the
photographic emulsion, with the Wild PUG-2 stereoscopic point
“tpansfer device in areas providing an optimum stereoscopic-
perception. On 60 percent overlap photography, one ground
object can appear as a pass point image on three successive
photographs of a strip.

NOS programs permit two pass points to be used in each relative
orientation location, even though only one pass point is.suffi-

cient to provide all of the data needed for the analytic computations.
Then, if one of the pass points in a relative orientation location
should exhibit an excessively large residual discrepancy during the
solution, it can be discarded and its companion pass point
substituted in its place. ) T

Marking and Photocoordinate Measurement

A stereoscopic point transfer device, such as the Wild PUG-2, is
first used to select, mark, and transfer suitable photo control
and pass point images to adjacent photographs. The coordinates
of each image on the photograph transparency are then measured
t+o micron accuracy by either a digitized Mann monocomparator

or by a stereocomparator, such as the Wild STK or the Zeiss PSK.

The use of a monocomparator means that the images on only one
plate can be measured at a time: It, thus, is necessary to use
a stereoscopic point transfer device to mark and transfer all
images to every photograph. Stereocomparators, however, can
simultaneously measure the photocoordinates of corresponding
images on a stereoscopic pair of photographs. As a consequence,
it is necessary to mark (drill) all of the images on only one
photograph in each strip in order-to specifically identify the
image for measurement purposes. The drilled .image can then be
stereoscopically transferred to the second photograph and measured
with the stereocomparator without actually ever drilling the
image on the second photo. - Since the images are drilled on only
one plate, it is not necessary to use a stereoscopic point
transfer -device to mark the images. In practice, the PUG device
is needed only as a means for transferring the images to any
adjoining strips.

In essence, a stereocomparator consists of two mechanically united
monocomparators. A monocomparator is, therefore, more accurate
.than a stereocomparator. In practice, however, the need for
additional PUG operations with a monocomparator results im the
accuracy of the monocomparator-PUG combination, being about equal
to that of the stereocomparator.

After the photocoordinates have been measured, the data is
submitted for processing through the series of computer programs
comprising the analytic aerotriangulation system.



Computer Processing

The analytic aerotriangulation system developed at.NOS consists
of five programs: (1) Image coordinate refinement and three=-
photo orientation, (2) strip adjustment to ground control,

(3) secant plane coordinate transformatlon, (4) block adjustment,
and (5) accuracy analysis.

(1) Image Coordinate Refinement and Three-Photo ‘Orientation: B
To obtain the highest possible degree of accuracy in analytical
solutions, measured photococordinates must be corrected for system-
atic errors which cause distortions in the image positions. The
first program, therefore, begins with a refinement of the raw x
and y image coordinates measured on each photograph on the compar—'
ator. The popularity of making positive prints of the photo-
graphs on glass plates (diapositives) has declined in recent
years. Today polyester plastic bases are used becalse they
provide a dimensionally stable base film that is much less
sensitive to humidity, temperature, and laboratory processing.

The photocoordinates observed on the photograph transparency

are corrected for the systematic distortions introduced by the
comparator, film shrinkage, camera lens, and atmospheric refrac-
tion. The problem of earth curvature is recognized in the third
program, in which the ground coordinates of all objects are
expressed in a geocentric, three= dlmen81ona1 secant plane system
that takes earth curvature into account. .

The refined image coordinates are punched out to. serve as input

to the block adjustment program (4), The refined image coordinates
theoretically should be nearly all free of systematic error

and contain only residual observational discrepancies in them.

The program then proceeds to the three-photo camera orientation
phase, which comprises an interrelated geometric fitting of the
photographs based only on the refined image coordinates ‘and is
entirely independent from any ground control data. The computa-
tion is iterative and derives the orientation of each photograph
relative to the previous two in the strip. It also determines
the positions of all pertinent objects in a three-dimensional
coordinate system at the scale of the photography. The collinea-~
tion principle is imposed in a least squares solution that
minimizes the discrepancies in the observed image coordinates.
The residual errors are analyzed. by the computer, which discards.
those images exhibiting excessively large discrepancies. The
removal of these blunders provides "clean" image coordinate

data for all subsequent computations.

(2) Strip Adjustment to Ground Control: The analysis of three
photographs at a time automates the joining of the separate
triplets into a continuousstrip and develops a set of model
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coordinates, which are analogous to the product obtained from
conventional stereotriangulation on stereoscopic plotting
instruments. The horizontal and vertical strip adjustment program
transforms the model coordinate data into the prevalllng ground
control coordinate system by fitting to control stations through
the application of polynomial equations and least squares. Any
large residual discrepancies appearing in the resulting adjustment
are corrected in .order to obtain provisional ground position data
that are free of blunders prlor to entering the block adjustment
computation.

The analytic computations may be terminated after strip adjustment
or may continue through block adjustment, depending on the desired
acecuracy. While block adjustment can be performed without
actually using the three~photo orientation and strip adjustment
programs, these preliminary programs are employed in practice

to furnish improved and complete data for the block adjustment

in an effort to reduce the time and cost of "debugging" and
computer operations.

(3) Secant Plane Coordinate Transformation: If maximum accuracy
is desired, the provisional ground coordinates are first trans-
formed into a geocentric and then into a special secant plane
system that takes earth curvature into account. The block adjust-
ment solution is performed using these secant plane coordinates
for the objects, together with the previously obtained refined
image coordinates. The secant plane transformation program 1is
designed to operate in its inverse mode so that given secant

plane coordinates can be transformed back into the prevailing
ground coordinate systemn.

(4) Block Adjustment: This program permits the simultaneous
solution of the absolute orientation {(three linear eleménts of
position and three angular elements of orientation) of all
photographs in a block of overlapping strips of photography.

Only the pass points and control station objects contribute
equations and thus influence the least square orientation solution.
Their finalized ground coordinates are computed simultaneously,
along with the absolute orientation of all the photographs in the
block. Those objects that are not pass points or control stations
do not contribute equations and thus do not influence the orien-
tation solution. The finalized.camera parameters from the
orientation solution and the refined image coordinates are used

to compute the final ground X, Y, Z coordinates for these other
objects by intersection. After the block adjustment is completed,
the adjusted secant plane coordinates are transformed back into
the original ground coordinate system by applying the secant

plane transformation in its inverse mode.
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The major task of the block adjustment program is the solution
of the large number of simultaneous equations in a least square
manner that efficiently utilizes the memory capacity of the
computer. The largest program written at NOS can accommodate as
many as 600 photographs in a single simultaneous least square
adjustment. Some 36,000 observation equations containing about
10,000 unknowns may be generated in developing the normal
equations. The number of objects whose final ground positions
can be computed in the block adjustment solution is unlimited.

All of the analytic programs have been written to operate on the
CDC 6600 computer. To date, the largest block adjustment problem
processed through the computer contained 180 photograhs. The
solution involved over 15,000 observation equations and about
4,500 unknowns. The CDC computer running time for the least
sgquare block adjustment was less than five minutes.

(5) Accuracy Analysis: In order to appreciate fully the
accuracy potential of the system, and the error values at test
points, a final computer program is used to develop the inverse
of the matrix of normal equations, the variances, and the
standard errors in centimeters in ¥, Y, and Z at all the points
used throughout the area. The error E = Qe at any point is
composed of two components where Q is the variance at the point
as derived from the inverse, and e is the standard error of unit
weight for the problem based on program (4). The quantity Q is
affected by the geometry of the system, including the amount and
distribution of control points, and e is related to the precision
of the steps of the system including image resolution.

Accuracy of the NOS Analytic Aerotriangulation System

A significant increase in accuracy results when analytic aerotri-
angulation computations are continued through block adjustment.
Studies conducted at NOS have yielded the following accuracy
results:

The horizontal position root-mean-square error in. meters when
using film cameras is S10-5 where S is the denominator of the
photography scale fraction. If a glass plate camera is

used, and the pass points are premarked, then the expected RMS
error in meters is about 1/5 of S10-5.

The vertical and horizontal errors are equal for a 3.5~inch
focal length camera (base-height ratio = 1), whereas the
vertical errors may be about 1.5 times larger than the
horizontal errors for a 6-inch focal length camera (base-
height ratio = 0.6).
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This accuracy is achieved when: (a) 60 percent forward and

- side overlap exists between the photographs in the block;

(b) a strong network of horizontal and vertical photo control
exists around the perimeter of the area, along with a few
interior vertical photo control stations; (c¢) all of these
stations are premarked prior to photography; (d) the block
consists of at least three strips of photography.

Note: The rms errors are considered to be essentially equal
"to the standard error of unit weight. The rms value therefore
has a 68 percent reliability. The 90 percent reliability is

about 1.6 times larger, and the %9 percent value is about
2.6 times lareger.
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SKYLAB

The SKYLAB mission was planned and implemented to determine the
capability of man and spacecraft to conduct medical, solar physics
stellar and solar astronomy, and Earth observational programs.

On May 14, 1973, the National Aeronautics and Space Administra-
tion successfully launched the SKYLAB manned orbital facility
into a nearly circular 234%-nautical mile (435 km) orbit above

the earth (SL-1). The first three-man team of astronauts

manned the laboratory for 28 days, beginning on May 25, 1973,
(SL-2); the second team occupied the facility for 60 days,
starting on July 28, 1973 (SL-3); and the third team Ffollowed on
November 16, 1973, for an 85-day mission (SL-4). The 50-degree
inclination of the orbit permitted the astronauts to view 75
.percent of the earth's surface--the area between 50 degrees North
and 50 degrees South--and to pass over a given point once every
five days. .

The 100-ton SKYLAB spacecraft is actually a hollowed-out third
gtage of a Saturn rocket, originally assigned to the U.S. moon
program, which has been converted to provide living and working
space for the astronauts. Within the SKYLAB space station are
complex scientific and technical instruments that will enable them
to conduct investigations directed toward the accomplishment of
medical experiments, solar astronomy experiments, technical
experiments, and earth resources experiments as follows:

a. To study man: Medical experiments will determine
physicology conditioning and performance capability in -
real time, in zero-gravity environment, for long-
duration space flight.

b. To study the sun: Solar astronomy experiments will
provide a synoptic survey and study of special phenomena
on the solar disk in X-ray, ultraviolet (uv), and visible
spectral wavelengths.

c. To study space technology: Technical experiments will
evaluate coating degradation, spacecraft contamination,
manufacturing and repair techniques, and manned-
maneuvering units. :

d. To study the Earth: Earth resources experiments will
provide a synoptic survey of selected areas on the earth
in visible, infrared (IR), and microwave spectral wave-
lengths.
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EARTH RESOURCES EXPERIMENTS

Among the various SKYLABR investigations, the Tarth Resources
Experiments are unique in that they are concerned directly and
exclusively with earth rather than space applications. The
energy reflected and radiated from various plants, ground scenes,
and bodies of water has specific spectral distributions, not only
in the visible but in the infrared and microwave portions of the
slectromagnetic spectrum. These spectral ngignatures” can be
detected by utilizing instruments ranging from & multiband camera
+o infrared spectrometers and microwave radiometers. 8ix such
electronic and photographic remote sensing systems for observing
+he earth have been combined into the Earth Rescurces Experiment
Package (EREP) and mounted on board the manned SKILAD orbital
Facility. oSince SKYLAB ig a solar-pointing, inertially stabilized
gspacecraft, it must be maneuvered into an eapth-~oriented mode in
order to use the EREP sensors.

The EREP is designed as a facility with the vantage point of
space for use by a variety of users, in a wide vange of applica-
+ions to earth resources management. The EREY sensors can be
operated singly or in various combinations, depending on the
seientific regquiremenis or other factors, such as weather and/or
vehicle capability limits. Data are recorded on tape and film
so that each team of sstronauts can bring back to earth the data
recorded during its stay on +he spacecrvaft. After initial
processing at the Johnsen Space Center in Houston, Texas, the
data apre distributed to more than 200 SKYLAB prindipal investi-
gators. ' .

The data acquired with the EREP sensors is expected to be useful
for studies and analysis related to most Earth Resources diseci-
pilines. For example, these observations can be applied to
research in agriculture, forestry, ecology, ge0logy, geography,
meteorology, geomorphology., hydrology, hydrography oceanography,
cartography, and similar fields for the purpose of identifying -
agricultural species; measuving growth rates; assessing crop
vigor and stress; classifying land use; determining land surface
composition and structure; mapping Snow cover and assessing water .
runoff characteristicss; mapping pollution, shorelines, and estu-
aries; evaluating sea roughness conditions; and similar projects.

The SKYLAB_ earth resources progran has been structured into ten
major disciplines as outlined in Table 1 below.

H
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1.

EREP PROGRAM STRUCTURE

AGRICULTURE/RANGE/FORESTRY

Crop inventory :
Insect infestation
Soil type i )
Soil moisture

Range inventory
Forest inventory
Forest insect damage

GEOLOGICAL APPLICATIONS

Mapping

Metals exploration
Hydrocarbon exploration
Rock types

Volecanoes

Earth movements

CONTINENTAL WATER RESOURCES

Ground water
Snow mapping -
Drainage basins
Water quality

OCEAN INVESTIGATIONS

Sea state

Sea/Lake ice

Currents

Temperature

Geodesy

Living marine resources

ATMOSPHERIC INVESTIGATIGONS

Storms, fronts, and clouds
Radiant energy balance
Air quality

Atmospheric effects

600

700

800

900

000

COASTAL Z0NES, .SHOALS, AND BAYS

Circulation and pecllution in bays

Underwater topography and
sedimentation ’

Bathymetry

Coastal circulation

Wetlands ecology

REMOTE SENSING TECHNIQUES DEVELQPMEN!

Pattern recognition

Microwave signatures

Data processing

Sensor performance evaluation

REGIONAL PLANNING AND DEVELOPMENT

Land use classification techniques

Environmental Impacts - gpecial
topics

State and foreign resocurces

Urban applications

Coastal/plains applications

- Mountain/desert applications

CARTOGRAPHY

Photomapping
Map revision
Map accuracy
Thematic mapping

USER AGENCY TASKS

Department of the Army
Department of the Interior

Each SKYLAB 1nvest1gat10n has been given a three- dlglt task number,

according to the subdisciplines in which work is done.

In addition.,

every EREP study site has been given a three -digit designation
that defines its geographic location.
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DESCRIPTION OF EARTH RESOURCES EXPERIMENT PACKAGE (EREP) SENSORS
An extensive description of the photographic remote sensing system
is given below, along with a brief description of the other

EREP sensors.

Multispectral Photographic Faeility (S8-1%0A and S$-190B)

The experiment objective is to photograph the earth's- surface in
a spectral range that includes visible light and extends into

the near-infrared, with sufficient resclution and spectral defini-
tion to allow detailed analysis and interpretation by specialists
in a variety of earth resources disciplines.

The facility is arranged in two parts. S-190A consists of an
array of six 70-mm film cameras, precisely matched and boresighted,
so that photographs from all six cameras will be accurately in
register. Thus, all of the features seen 1in one photograph can
be simultaneously aligned with the same features in the photo-
graphs from the other cameras. A combination of black-and-white
and color films is used in conjunction with selective filters for
spectral analysis, allowing comparison with imagery obtained with
the IR spectrometer (5-191) and multispectral scanner (G-192) and
with the Earth Resources Technology Satellite (ERTS). The

camera array is mounted behind an optical glass window, just for-
ward of the radial docking hatch in the Multiple Docking Adapter
(MDA},

The second part, S-190B Earth Terrain Camera, consists of a single
camera that is located behind an optical glass window in the
-Scientific Airlock (SAL) on the antisolar side of the Orbital
Workshop (0WS). This camera is an adaptation of the Lunar Topo-
graphic Camera carried on the Apollo 14 mission.

Controls for the six-camera array are integrated with the controls
for the other EREP sensors located in the MDA. However, the Earth
Terrain Camera controls are mounted on the side of the camera
housing and are independent of other EREP sensors.

Tor earth resources operations, SKYLAB departs from its normal
solar orientation to an orbital mode that provides for continuous
pointing of the cameras and other sensors at the ground directly
below. The crewmen load film, install filters, set up the camera
controls, remove the covers. from the camera ports, uncover the
window, install the Earth Terrain Camera in the Scientific Airlock,
and make other preparations for camera operations.

The exposed film is the primary data returned at the end of each
SKYLAB mission, for processing and analysis on the ground.
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S~190A

The EREP multispectral photographic camera consists of six high-
precision 70-mm film cameras with matched distortion and focal
length. The £/2.8 lenses have a focal length of six inches.

The camera has a field-of-view of 21.2 degrees across the

flats based on the photographic format size of 2.25 inches
square and provides ground coverage of 163 km square per frame
at a scale of 1:2,850,000. The system is designed for the
following wavelength/film combinations:

- 0.5 to 0.6 um PAN X BEW
0.6 to 0.7 um PAN X B&W
0.7 to 0.8 um IR BEW
6.8 to 0.9 um IR BEW
0.5 to 0.88 um IR COLOR
C.4 to 0.7

um HI-RES COLOR
S=190B

The body of the Earth Terrain Camera (ETC) is an extensively
modified Hycon KA-74 reconnaissance camera body with a bidirec-
tional focal-plane shutter and vacuum film flattening. The ETC
is equipped with an f/4 lens having a focal length of 460 mm_
(18 inches), color correction, and a maximum radial distortion
of 10 um. Forward 1mage-motlon compensation is provided by
rocklng the entire camera in its mount during the exposure.

The ETC has a limited field-of-view of 14 degrees across the
flats, based on the photographic format size of 4.5 inches
square and provides ground coverage of 109 km square per
frame at a scale of 1:946,000. The system is designed to
utilize the following film types:

ESTIMATED GROUND

RESOLUTION
TYPE DESCRIPTION WAVELENGTH, um  (at low contrast)
S0-242 Aerial color, high 0.4 to 0.7 70 ft. on ground
) resolution ) ) )
EX 341y High-definition - 0.5 to 0.7 55 ft. on ground
aerial BEW g " -
EX 3443 Aerochrome IR, 0.5 to 0.88 100 ft. on ground
color

The ETC is not a metric camera in the photogrammetric sense.
Because the image frame is a part of the removable film magazine
and because of the use of a focal-plane shutter, the geometric
quality of the photographs is limited. The shutter motion is in
the flight direction for one exposure, and opposite the flight
direction for the next exposure. This causes a slight scale
compression or stretching in the flight direction, depending
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upon errors in the FMC. The principal point cannot be precisely
located, and thevefore analytical applications are limited.

When the camera is operated for 60 percent overiap, the bage-~
height ratio is only 0.10; thus, any stereoscopic height measure-
ments from the photographs have especially limited accuracy.

In spite of these limitations, the ETC represents a significant
advance in camera systems for earth resources observations from
space. The ETC provides photography having a ground resolution
from 3 to 20 times better than that of any other space photographic
system previously used. As a consequence, the primary objective

of the ETC is to obtain high~resolution Stereoscopic photography

to support the other EREP sensors by aziding in the interpretation
of data gathered by them.

Note: A more comﬁiete discussion of the ETC is given in a paper
by J. D. MeLaurin, U.S. Geological Survey, entitled THE SKYLABR
S~180B EARTH TERRAIN CAMERA--see Appendix A.

-

Infrared Spectrometer (S$-191)

The primary objective of this experiment is to make a fundamental
evaluation of the applicability and usefulness of sensing earth
resources from orbital altitudes in the visible through near-
infrared and in the Ffar-infrared spectral regions. Correlation of
SKYLAB spectrometer data, with data gathered by ground-based and
aircraft sensors, will ensure that the radiance from the target and
its characteristics will be accurately established. The extent +o
which the effects of the atmosphere can be removed from the data

is a study of particular importance to all remote sensors, and this
accuracy will be quantitatively tested. In addition, the param-
eters describing the atmosphere at the time of acquisition will be
collected.

The filter wheel spectrometer has a l1-milliradian field-of-view, and
its spectral range coverage is from 0.% to 2.4% and 6,2 to 15.5
micrometers. The spectrometer has a pointing and tracking capabil-
ity of u5 degrees forward, 10 degrees aft, and 20 degrees to the
side of the ground track. The astronaut uses the view-finder/
tracker to acquire and track target sites during data acquisition,
which are in his field of view for less than a minute. The primary
data are recorded on magnetic tape and are returned with each crew
rotation.

Multispectral ‘Scanner £S~192)

The primary objective of +this experiment is to assess the feasibil-
ity of multispectral techniques for remote sensing of earth re-
sources from space. Specifically, attempts will be made at spectral
signature identification and mapping of ground test sites in
agriculture, forestry, geology, hydrology, and oceanography.
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The basic instrument design is that of an optical mechanical
scanner using an image plane scanning mirror, with a folded
reflecting telescope used as a radiation collector. The scanner
operates in 13 spectral intervals of the visible, near-infrared,
and thermal-infrared regions of the spectrum ranging from 0.41 -
to 12.5 um. The primary data are recorded on magnetic tape and
are returned with each crew rotation.

The spectral range covered by the scanner overlaps the range of
the multispectral cameras (5-180) and the IR spectrometer (S- 191),
permitting a cross-check of results deduced from these three , = .=
systems. In addition, the IR spectrometer may provide atmospheric:
density profiles useful for correcting the primary causes of
atmospheric attenuation of the scanner data.

Microwavé Radiomeéer/Scatterometer and Altimeter (5-193)

The objectives of this experiment are simultaneous measurement

of the radar differential backscattering cross section and passive
microwave thermal emission of the land and ocean on a global
scale, and engineering data for use in designing radar altimeters.

The microwave radiometer/scatterometer experiment is a combination
of an- active radar scatterometer and passive radiometer. The
radar backscattering cross section measurement gives a measure

of the combined effect of the dielectric properties, roughness,
and brightness temperature of the terrestrial surface. Informa-
tion over test sites is obtained by the NASA earth resources
aircraft for validation and extrapolation of spaceborne measure-
ments. All data are recorded on magnetic tape.

L-Band Radiometer (S-1394)

The experiment objective is to obtain measurements of the bright-
ness temperature of the earth's surface along the spacecraft
track. The L-band radiometer has basically the same operating
principle as the radiometer part of the microwave radiometer/
scatterometer experiment, except that the operating frequency is
changed from 13.9 GHz to 1.42 GHz. A function of the experiment
is to supplement the measurement results of Experiment S-133 by
taking into consideration the effect of eclouds on radiometric,
measurements. By using two frequencies (S-193 at 13.9 GHz and
S-184 at 1.42 GHz) simultaneously in measurements, corrections
can be made on radiometric data to include the cloud effects.
All data are recorded on magnetic tape.

A summary of the SKYLAB EREP sensor characteristics is given 1in
Table 2.



Teble 2,
SKYLAB

EREP SENSOR CHARACTERISTICS

KIrIvab. 400440
ST ¥9HVd TVNIDIHO

GROUND SPATIAL
SENSOR DESCRIPTION SPECTRAL SPECTRAL
COVERAGE RESOLUTION COVERAGE RESOLUTION
5-190(A) SIX 70mm CAMERA MICROMETERS 0.1 MICROMETERS 163 % 163 Km APPROX,
LAULTISPECTRAL MATCHED DISTCRTION AND 3= .6 PANX BAW 2dm TO ¢8m *
PHOTCOGRAPHIC FOCAL LENGTH (15,2cm) 6= .7 PANX BAW
CAMERA 12 METERS REGISTRATION 7+ .8 IR BEW
18 FILTERS £-.9 IR B&W
219 FOV 5+« .88 IR COLCR
A= 7 HR COLOR
5-190(8)
460 mm FOCAL LENGTH 0.4T0 0.7 H. &, 0.1 MICROMETERS 109 X 109 Km ' APPROX.
EARTH TERRAIN Ialdmm !;ILM. FORMAT AERIAL COLOR 10m TO 3am *
CAMERA FILTERS 0,570 0.88 IR COLOR
0.5TO 0.7 HIGH
DEFINITION AERIAL B & W
$-191 POINTLD BY CREW 0.4 TO 2.4 AND 1% TO 4% 0-45° FwD 0.44 Km
INFRARED FILTER WHEEL 6.2 10 15.5 MICRO= 0-20° $tDE $PCT
SPECTROMETER ONE SEC, SCAN RATE METER 0-~10°REAR
. ONE mRAD OV
CRYOGENIC COOLER
16mm CAMERA,
5-192 IMAGE PLANE SCANNER 0.4 TO 2.35 AND 13 BANDS: 88 Km 80 x 80 m
JAULTISPECTRAL 40CORPM SCAN MIRROR 10.2 7O 12,5 0,04 TG 0,1 SWATH 5PCT
SCANMER CRYQGENIC COOLER MICROMETERS .
HgCdTs DETECTORS MICROMETERS
(13 UsED)
0.186 mRAD FOV
34193 1.1m PARABOLIC ANTENNA 12.8 TO 14,0 GHz SCAT RECEIVER: 0-48 FWD HELEL)
MICROWAYE TWO AXIS GIMBAL {0-409 {13.9 GHz CENTER FIRST IF. 500 MHz 0-48 $1DE SPCT
RADICMETER/SCATTERQOMETER IN FIVE STEPS) FREQUENCY) SECOND IF: 50 MHz
AND ALTIMETER 1.5° rOV ) RAD RECEIVER:
' DUAL POLARIZATION SINGLE FREQUEMNCY
ALTIMETER MADIR SEEKER
5-194 1 m PHASED ARRAY 1,400 TO 1,427 GHz 18 MHz FROM 11 Km CIRCLE M ¥
L-BAND {8 x 8 FLEMENTS) CENTER FREQUENCY SPCT
RADIOMETER COLD AND hOT REF.

NOTES: FQV =FIELD OF VIEW

* = DQES NOT INCLUDE LOSS DUE TQO ATMOSPHERE EFFECTS OR FILM FROCESSING ,

Table 2,

NASA HQ ML71-5751
REV. 2-10-73

6T
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. IDENTIFICATION OF THE NOAA/NOS INVESTIGATION

The NOAA/NOS proposal to perform analytic aerotriangulation
utilizing SKYLAB photography has been designated as SKYLAB EREP
INVESTIGATION NO. 459 and was performed under NASA PURCHASE ORDER
T-4110B. The task-site identification number for the study is .
931651 in which 931 classifies the task as being in the CARTOGRAPHY
MAP ACCURACY dlSClpllne, and 651 identifies the test site as the
CARETS AREA, which runs Ffrom Charlotte, North Carollna, northeast
to Delaware Bay.

The official NASA description of this investigation is as follows:

931 Investigate the feasibility of utilizing spacecraft

i " (8~190B) -imagery for analytic aerotriangulation methods
to provide low-order, high-density control network suit-
able for small-scale mapping applications.

Employ this technique for coastal zone mapping at medium
and small scales, surveys-in remcte areas, forest and
range management, various planning activities and route
Iocation for highways, pipelines, transmission lines,
and canals.

SKYLAB S-~-190B EARTH TERRAIN CAMERA (ETC) PHOTOGRAPHY

SKYLLAB S-130B photography was secured over the test 51te, during
orbit 36, on September 12, 1973 (SL-3). The film used in the ETC
was Aerial-Color, High- Resolution S50-242, Second generation
transparencies, positive in tone and direction when viewed on thé
emulsion side, were made from the original film by printing emulsion-
to-emulsion in contact. These 1:946,000 scale, 4.5 x 4.5-inch
transparencies and 8 x 9-inch contact paper prints were provided to
the Coastal Mapping Division of the National Ocean Survey for
processing through the analytic aerotriangulation system.

The photography consisted of a strip of 19 photographs ranging along
a 500-mile track from Charlotte, North Carclina, (frame 86-288)

to Atlantic City, New Jersey, (frame 86-306). A Break in the
required 60 percent overlap reduced the usable strip of photography
to 12 photographs along a 350-mile track from Charlotte, North
Carolina, (frame 86-288) to the Rappahannock River in Virginia
(frame 86-299).

Although the photography prov1ded sharp high- resolutlon imagery,

the selection of pertinent images for measurement on the Wild STK
stereocomparator was hampered by the extensive .cloud cover occurring
o>n most of the 11 stereoscopic models comprising the analytic strip.
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Despite the cloud cover, 29 photo control-points of known position
and elevation were office-identified on the SKYLAB photography.

Road intersections were located by stereoscopically examining

the photographs and comparing them with 1:24,000 scale USGS
quadrangles covering the area. The Geographic Positions were

scaled from the quadrangles by linear interpolation between the

~2' 30" intervals shown on each quadrangle. The scaling was performed
five times and a mean Geographic -Position computed. In addition,
aeronautical aids to navigation and airport runway ends were
identified on the pictures, and their positions and elevations
determined from data secured by the Coastal Mapping Division under
its Airport Obstruction Chart Survey program. The office-identified
road intersections and aeronautical aids provided images slightly
superior in quality to that of the office-identified airport

runway ends. The locations of these photo controcl points or
stations on the ETC photographs is shown in Figure 1, Table 3
describes the stations and their approximate accuracy.

A1l of the photo control stations were at least 1/i4-inch in from the
sides of the 1:946,000, 4.5 x 4.5-inch transparencies. Twenty-five
of the stations appeared on wonly two consecutive overlapping photo-
graphs in the strip, while ﬁour stations appeared on three consecu-
tive photographs. The location of the camera clock within the
photographic format prevented two control stations from creating
imagery on three consecutive overlapping pictures. :

PASS POINTS

Two pass points were established in the nine conventional relative
orientation locations on each photograph. The pass points were
drilled into the transparency emulsion with the Wild PUG-2 stereo-
scopic point transfer device in areas providing an optimum stereo-
scopic perception. As a consequence of the intrusion of the camera
clock into the photographic format, it was necessary to set the
pass points along the bottom easterly edge of the strip at least
1/2-inch in from the sides of the transparencies.

The two pass points were used in the preliminary analytic aerotri-
angulation programs consisting of the Image Coordinate Refinement

and Three-Photo Orientation program, the Secant Plane Coordinate
Transformation program, and the Strip Adjustment to Ground Control.
However, only one of the two pass points in each relative orientation
location was used in the block adjustment of the strip.

MARKING AND PHOTOCOORDINATE MEASUREMENT

The Wild PUG-2 stereoscopic point transfer device was used to select
and mark only the pass points by drilling holes into the photographic
emulsion at these images using a 60-micron diameter diamond-tipped



CONTROL
STATION
NUMBER

288100

288101
293100

294102
285100
299100

288110
288111
290110
296111

288201
288202
290201
290111
292110
292111
293110
296201
296110
298110
299110
299111

288120
281120°
281121
293120
293121
297120
297121

TABLE 3.
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ACCURACY OF QFFICE IDENTIFTIED CONTROL

APPROXIMATE
HORIZONTAL .
ACCURACY

(METERS)

15 »

USED 1IN

BLOCK ADJUSTMENT

APPROXTIMATE
VERTICAL
- ACCURACY

(METERS)

5.0

0.5

DESCRIPTION

AFRONAUTICAI, ATDS
Horizontal and vertical
positions from Airport

‘Surveys, NOS.

ROAD INTERSECTIONS
Horizontal and vertical
positions from 1:24,000

‘scale USGS quadrangles.

ROAD INTERSECTION SPOT

"ELEVATIONS

Horizontal and vertical
positions from 1:24%,000
scale USGS quadrangles.

CENTERLINE RUNWAY ENDS
Horizontal and vertical
positions from Airport
Surveys, NOS.



23

drill. The photo control point images were not drilled in order
to preserve the sharpness of the imagery.

The measurement of the x and y photocoordinates for the pass points
and control stations was performed on a Wild STK stereocomparator.
Use of the stereocomparator allowed the operator to drill the pass
point images down the center of each photograph only and to then
stereoscopically transfer the drilled image to the overlapping
photograph for measurement, without actually ever drilling the
image on the second photograph. The stereocomparator measuring
mark corisisted of a 165-micron diameter black circle having a
20-micron black dot at its center. The dot was centered in the
60-micron diameter drilled pass point image when observing the
photocoordinates for the point.

FIDUCIAL MARKS

In the time interval occurring between the film exposure, its
development, and the subsequent printing of the glass plate diapos-
itive or transparency, the aerial film undergoes a random enlarge-
ment and shrinkage change. Since the accuracy of analytic photo-
grammetric computations depend on the use of a true central perspec-
tive, it is necessary to compensate for the film distortion and
therveby mathematically return the film to the physical format
present at the instant of exposure. This can be achieved by
comparing the positions of the images created by the fiducial marks
on each photegraph with the true positions of these marks in the
camera focal plane. The photograph is then mathematically stretched
so as to place the fiducial marks back into their true positions.

In metric mapping cameras, the fiducial marks are located in the™
corners of the camera focal plane. Some cameras have additional
fiducial marks at the midpoints of the sides of the focal plane.
The marks are normally a part of the lens cone and thus remain in
a fixed position relative to the camera lens. The intersection

of the diagonals joining the corner fiducial marks should represent
the principal point of the photograph, i.e., the foot of the
perpendicular from the focal plane to the nodal point of the camera
lens. The corner fiducial marks on the Wild aerial cameras owned
by NOS consist of an interrupted cross having a 100-micron diameter
dot at the center. \ ~ )

-\

The ETC.is not a metric camera in the photogrammetric sense because
the fiducial marks and the image frame are a part of the removable
film magazine and hence are not in a fixed position relative to the
camera lens. Fortunately, the resulting lack of precision in
locating .the principal point on the photography is of minor conse-
quence in narrow angle cameras, such as the ETC.
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The ETC has a series of holes drilled around the perimeter of the
image frame. These holes created photographic images having an
approximate diameter of 330 microns. The images were of poor
quality and rather ragged around the edges. For this reason, the
stereoccomparator operator centered the 165-micron circle of the
measuring mark in the center of four holes selected to serve as
fiducial marks.

NOS normally employs flash plates to provide a photographic record
of the true relative positions of the camera fiducial marks. The
flash plates are made in the laboratory by exposing a diapositive
mounted in the camera so that its emulsion lies in the camera focal
plane. Because the emulsion is secured on a stable glass base, the
coordinates of the fiducial marks can be measured on a comparator
later, with no concern for film shrinkage distortion.

Since no flash plate was available for the ETC, a nominal set of true
fiducial coordinates was obtained by mounting each of the transpar-
encies in turn on the comparator and then reading the photocoordi-
nates for the four selected fiducial holes on each of the photos.
The data were entered into-a flash-plate-reduction program to accom-
plish the following tasks: 1. Correct the observed photocoordinates
of the fiducial holes for comparator systematic errors, 2. determine
by least square methods a meaned set of nominal true photocoordinates
for the fiducial holes in a coordinate system, having its origin at the
principal point (intersection of diagonals joining fiduecials 1-3 and
-4) and oriented so that Xq g'ya = yo- See Figure 2 below. As a

consequence of this computation, the dlrectlon of flight becomes the
x-axis of the photocoordinate system.

Figure 2. Transparency emulsion-side up
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The meaned set of nominal true photocoordinates for the fidueial
holes provided by the flash-plate-reduction program are:

FIDUCIAL HOLE X (microns) N4
1 59227.74 ’ 50154.18
2 59112.61 -50132.70
3 -59202.38 ~-50132.70
Y -59112.77 50132.8%4

The data were then prepared for processing through the NOAA/NOS
analytic aerotriangulation system of computer programs. All of
the computations were performed on the CDC 6600 computer.

COMPUTER PROCESSING

The 12~photo strip extended over the three states of South
Carolina, North Carolina, and Virginia. The computational
processing requires all of the ground positional data to be
expressed in a common three-dimensional coordinate system. In
order to attain this condition, and also to compensate for the
presence of earth curvature in the data, the initial computation
was to develop secant plane coordinates for each of the 29 office-
identified control stations. Accordingly, the Geographic Posi-
tions and elevations of these points were processed through the
Secant Plane Coordinate Transformation progranm.

Secant” Plane Coordinate Transformation: The elevations of the
control points obtained from the 1:24,000 scale USGS guadrangles
and airport surveys are based on sea level and thus do not recog-
nize the existence of earth curvature. The program computations
begin with a conversion of the Geographic Positions and elevations
to an orthogonal geocentric coordinate system-having its origin

at the center of the earth as defined by the Clarke 1866 Spheroid.
The- geocentric coordinates are then transformed into a secant plane
coordinate system in which the secant plane intercepts the earth's
surface near the edges of the area to be mapped so that most of

the terrain objects will possess a positive % (elevation) coordi-
nate. The origin of the secant plane system is placed near the
center of the project area. The secant plane origin selected

for the SKYLAB study was Latitude 36° 20 00", Longitude -78° u45' 00
The Z-axis is the extension of the normal to the ellipsoid which,
because of the earth's ellipsoidal nature, does not pass through
the center of the earth. The X-axis points towards the East and
the Y-axis points towards the North.

Table 4 shows the Geographic Position and elevation input to

the program and the resulting secant plane ccordinate output
from this program.



CONVERSION OF CONTROL STATION GECGRAPHIC POSITIONS
TO SECANT PLANE COORDINATES

SECANT PEANE ORIGIN

LATITUDE

GEOGRAPHIC POSITION INPUT

288100
288110
288201
288111
288202
288120
288101
290110
290201
290111
221120
291121
292110
292111
293100
293120
293121
293110
294102
295100
296111
296201
296110
297120
297121
298110
299100
299110
299111

3

34
35
35
34
34
35
35
35
35
35
36
36
36
35
35

& 20 00

59
15
15

20.200
25.015
05,424
15,094
34.559
31.865
13.390
30.052
34,185
03 ¢‘258
57.51r
13.059
32.741
54.282
20,520
52.243
57.031
18.889
29.600
04.400
22.840
10.548
51.186
44,350
14.55¢6
17.161
54,700
13.346
0&6.654

-080 57
-081l
=081l
-080
-080
~080
-080
-080
-080
=079
=079
~-079
=079
-079
-078
=078
-078
~-079
-079
-077
=077
=077
=077
=077
-077
=076
—-076
~-076
-076

SECANT PLANE OUTPUT IN METERS

X
288100 -201278.692
288110 -207169.9556
288201 ~207344.107
288111 -176997.192
288202 -—178969.743
288120 -2002%4.019
288101 -199196.92%
290110 -145819.163
290201 -145928.545
290111 -1060287,221
291120 . ~108297.906
29112) -106952,.115
252140 ~93656,711
292111 ~27029.441
- 293100 ~2035.511
293120 ~4296.418
293121 =2743.370
293110 —-28172.927
294102 -23669.361
295100 T5550.344
296111 6744 8. T40
296201 67110.169
296110 105357.883
297120 127578.566
297121 127252.667
298110 156468.136
299100 180328.210
299110 165981.068
299111 213537.475

¥
~146855.736
~116985.134
—~117584.396
~175263.639
-176473.122
~122480.950
~121226,254

~64433,577
54304 ,337

=141707.209

~25295.089
—-26681.925
-20679.874%
~T9651.423
=51147.971
-52018.862
~51871.929
-27112.861

37934.083

54100.713

98990.886
98609.407
37358.925
129930.492

130856.770

98126.586
125649.347
175874.338
124932.816

LONGITUDE -078 45 (0

18.000
37T.254
43,630
>8.811
15.428
00.375
18.073
43.729
48.169
57.400
09.510
15.037
26.181
53,990
01.000
51.245
49,346
46,083
53.200
11.700
24,112
37.971
17.309
25.908
38,599
13,914
42,100
44.738
11.559

&
—3874.837
~3424,735
~3464,941
~3901.313
~3979,75¢9
~3309.711
~3241.238

~962 699
-966.024
—-1430.977
110.910
119.998
333.841
297,541
T21.94%
T04.400
TOT.37L
834.668
801.864
.. 226.922
* "231039.4‘
-216.716

~134.052°

~1756.009
-1768.812
-1843.117
~2988.252
—3784.177
-3997.981

710.0
633.0
565.000
598.0
T07.0
740.00
760.00
753.0
456.0
926.0
900.0
843.0
185.0
430.00
398.0-
401.0
516.00
530.00
350.00
322.00
339.0
156.0
151.0
160.0
11z.0
10.00
031.90
013.0

Elevation (feat)
650.0

CHiR?IthI,

OF Poog
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Image Coordinate Refinement and Three-Photo Orientation: The
x and y photocoordinates observed on the stereocomparator for
the fiducial and nonfiducial images on each transparency were
then processed through the image coordinate refinement and
three-photo orientation program. All of the photocoordinates
were first corrected for comparator calibration errors. The
program then performed a least squares fit of the fiducial hole
photocoordinates to the nominal true photocoordinates for

these fiducial holes, as previously obtained from the flash-
plate-reduction program. This operation of placing the fiducial
holes back into their true positions serves to correct all of
the data for film shrinkage distortion and to express the photo-
cooprdinates in a two-dimensional photocoordinate system having
its origin at the principal point and oriented so that the
x-axis is the direction of flight.

The systematic errors still remaining in the photocoordinate
data are those due to the distortions introduced by the aerial
camera lens and atmospheric refraction. The Addendum to LEC/
ASD Technical Memc No. TM 73-002 - April 1973 issued on July 11,
1974, indicated the camera lens symmetrical distortion and the
asymmetrical distortion=caused by lens decentration to be
probably insignificant from zero. In addition, distortion due
to atmospheric refraction at camera altitudes above U0 miles

is relatively negligible. For this reason, no attempt was

made during the image coordinate refinement phase to compensate
for camera lens and atmospheric refraction distortion.

The refined image coordinates provided by the program theoreti-
cally should be nearly all free of systematic error and contailn
‘only residual observational discrepancies in them. These
refined coordinates were then punched out to serve as input to
the block adjustment program.

The program then proceeded to the three-photo camera orienta—
tion phase, which comprises an interrelated geometric fitting
of the photographs, based only on the refined photococordinates
and is entirely independent from any ground control data. The
computation is iterative and derives the orientation of each
photograph relative to the previous two in the strip. It also
determines the positions of all pertinent objects in a three-
dimensional coordinate system at the scale of the photography.
The collineation principle is imposed in a least squares solu-
tion that minimizes the residual observational discrepancies
in the image coordinates. The residual discrepancies are.
analyzed by the computer, which discards those images exhib-
iting excessively large discrepancies. The removal of these
blunders provides "clean" photocoordinate data for all sub-
sequent computations. ’
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-Strip Adjustment to Grdund Control: The analysis of three photo-
graphs at a time automates the joining of the separate triplets
into a continuous strip and develops a set of model coordinates
that are analogous to the product cobtained from conventional
stereotriangulation on stereoscopic plotting instruments. The
horizontal and vertical strip adjustment transforms the model
coordinate data into the prevailing ground control coordinate
system, which is a secant plane coordinate. system for this study,
by fitting to .the control stations through the application of
polynomial equations and least squares. Any large residual
discrepancies appearing in the resulting adjustment are cor-
rected in order to obtain blunder-free provisional ground
position data prior to entering the block adjustment computation.

The strip adjustment of the SKYLAB photography was performed
holding to the 14 photo control stations identified on Figure 1
by a A . Note: These same 14 -stations were employed later to
control the block adjustment solution. The strip adjustment
was performed twice--going from frame 86-288 to frame 86-299 and
then going from frame 86-299 to frame 86-288. In both adjust-
ments, the resulting discrepancies at the 14 held photo control
- stations and 15 withheld stations increased in magnitude from
about 25 meters at the beginning of the strip to approximately
100 meters at the tail end of the bridge. Results of this
nature do not occur on normal photogrammetric mapping operations
conducted by NOS. The appearance of these apparently systematic
strip adjustment discrepancies on the SKYLAB bridge is assumed
to be attributable to the failure to completely compensate for .
the systematic errors introduced. into the data by the nonmetric
characteristics of the Barth Terrain Camera.

Block Adjustment: - In order to maximize the accuracy of the
analytic aerotriangulation, the block adjustment program was
applied, using the previously obtained refined photocoordinates
and the provisional object coordinates. The program permits a
simultaneous solutien of the absolute orientation of all the
photographs, together with a determination of the finalized
coordinates for each object. This office has developed three
simultaneous analytical aerotriangulation block adjustment
programs for operation on the CDC 6600 computer.

1. 25-Photo Block Adjustment: This program was designed to
service smaller organizations not having access to large~size
computers and will accommodate blocks up to 25 photos in
size. All input/output is on cards, and the program requires
less than 50,000 words of computer core storage. The logic

of the solution.is similar to that of the 185-photo block
adjustment program. . - .
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185-Photo Block Adjustment: The block can contain as many

as 185 photographs in a single simultaneous least squares
solution. All input/output is on tape. Approximately one
million words of storage are required, and therefore auxiliary
disk storage and extended core storage is used to augment

the CDC 6600 core memory.

The area to be block adjusted may be of any shape. The strips
of photography can be of variable length and may have any
overlap with other' strips in the block. Thus, diagonal cross-
flights may be included, if desired. The photoegraphs can be
entered into the solution in any order. Photographs taken

by aerial cameras having different focal lengths may be used
simultaneously in the solution.

All of the pass points and control stations contribute equa-
tions to the normal equation matrix and thus influence the
least squares orientation solution. Corrections to the provi-
sional coordinates for these objects are computed simultane-
ously with the determination of the absolute orientation of
all the photographs in the block. The unweighted control.
stations perform as if they are pass points. The weighted
control stations can be computed as if they are pass points
by using their refinedlphotocoordinates and the finalized
-camera parameters from'the orientation solution to determine
“their ground coordinates by intersection.

800-Photo Block Adjustment: Blocks up to 600 photographs in
size can be accommodated in this version. All input/output

is on tape. Auxiliary disk storage is necessary because the
program requires nearly one million words of memory.

This version is not as flexible as the 185-photo program in
terms of data input organization, but the arithmetic approach
employed results in a more efficient computation and a much
shorter computer running time. The area should be square or
rectangular in order to simplify the arrangement of input data.
Photographs must be entered into the solution in the exact
order in which they were taken and may not overlap each other
by more than 60 percent. No strip can have more than 20
pictures in it. The program permits the mixing of photographs
“taken by aerial cameras of different focal lengths.

All of the pass points and control stations contribute equa-
tions to the normal equation matrix and thus influence the
least squares orientation solution. The finalized camera
parameters from the orientation solution and the refined
photocoordinates of the pass points and control stations are
used to compute the final ground ccordinates ‘for these
objects by intersection.
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The 600-photo block adjustment program was used for the SKYLAB
analytic aerotriangulation study. A TFortran listing of this
program is given in Appendix B.

Thirty-six pass points (one in each relative orientation loca-
tion) and all of the 29 office-~identified photo contrel stations
were permitted to contribute observation equations to the normal
equation matrix and thereby influence the least squares orienta-
tion solution of the 12 photographs comprising the block. The
provisional coordinates for these objects should be reasonably
close to their true values in order to minimize the number of
iterations required of the block adjustment solution., TFor this
reason, the initial ground (secant plane) coordinates of the pass
points consisted of the data furnished by the first half of the
strip adjustment going from frame 86-288 to frame 86-298--and by
the first half of the strip adjustment going from frame 86-289

to frame 86-288. The known true ground (secant plane) coordinates
were used as the initial coordinates for the 29 photo control
points. :

Table 5 is a listing of the initial provisional ground (secant
plane) coordinates for the pass points and the photo control
stations. A listing of the refined photocoordinates for these
pass points and photo control stations, as previously punched
out by the Image Coordinate Refinement and Three-Photo Orienta-
tion program, is given in Table 6.



292
292291310
292291320
292291330
292292310
292292320
292292330
292293310
292293320
292293330
292292110
292291120
292291121
292293100
292293110
292293120
292293121
292292111

293
293292310
293292320
293292330
293293310
293293320
293293330
293294310
293294320
293294330
293293100
293293110
293293120
293293121
293294102

294
294293310
294293320
294293330
294294310
294294320
294294330
294295310
294295320
294294102
294295330

295
295294310
295294320
295294330
295295310
295295320
295295330
295296310
295296320
295296330
295296110
295296111
295295100
295296201

296
296295310
296295320
296295330
296296310
296296320
296296330
296297310
296297320
296297330
296296110
296296111
296295100

296296201

~4.8126509E-02
—5.2868542E-02
=541129797E-02
1.8499420E-03
4+0858396E-03
—~F.3830666E-04
5.1925419E~02
5.0031725E~02
4,7535343E-02
-1.9237138E~-02
~3.4734189E-02
—3.4488084E-02
3.8201346E~02
3.2417993E-02
3,6554509E-02
3.7984083E~02
=7.2191183E~04

~4.6876203E-02
—4.4675254E-02
~4.9701058£~02
3.2954850E~03
1.3644901E-03
-1.1609361E-03
4,9291420E-02
5.0331744E~02
5.0442036E-02
-1.0472546E-02
-1.6304848E~02
-1.2119203E-02
~1.0684280E-02
2.9769123E-02

—4.53408740E-02
4. 7413524E-02
~4.,9922832E-02
6.4136652E-04
1.6050855E-03
1.7489357E~03
4 .8336748E-02
4.5921897E~02
=1.9005334E-02
5.0752810E-02

—4.8065487E-02
—4,7116111E~02
—4.69T1411E-0Q2
-2,8582516E-04
—2.7288240E-03
2.1121530E-03
4.8350200E-02
4.8859741E-02
443942351E~02
4.1888299E-02
4.9557802E-02
Z2.+.7383244E-02
4,9025404E-02

-4.8912550E-02
~5.1417141E-02
-4.6558160E-02
—2.1T4T7625E-04
2.4754045E-04
—4 5T724T768E-03
5.18143128-02
5.1438535E-02
4.9087T131E~02
—6.56781630E-03
9.5107825€E-04
=2.1251919€E-02
4.1528880E-0%

=3.0527771E-02
4+ TBT4#533E-02
3.5506342E-03
-3.0333683E-02
4.8972518E~02
T.8532402E-03
=2.8029944E-02
5.0058976E-02
4.5751374E-03
4.3086281E-02
4,8658235E~02
4.6586076E-02
~4,1701161E-02
—4.9433929E-03
=4.1634943E-~02
-4.2517091E-02
=5.0470942E-02

-3.1929435E~-02
4. T409829E-02
6.,2704290E-03

-2.9647102E~-02
4.854T056E~02
3.0063077E-03

~2.6523827E-02
3.7760516E-02
4.6554986E~03

-4 ,3320930E-02

~6.5265715E-03

—4 .3255058E-02

—4.4135354E~02
4 ,6062768E~02

—3.1276435E-02
4.6910495E~02
1.3757361E-03

—2.8164236E~02
3.6179394E~02
3.0448055E~03

—~2 . 794 8864E-02
3.1223507E~02
4 ,4462580E-02
T0171463E-03

—2.9755754E-02
3.4612072E-02
1.4643224E-03

—295634T3E-Q2
2+9684546E-02
5 .4490202E~-03

-3.0367873E-02
4.8204153E-02
9.7309548E-03

~4.1150655E~02
3.5889388E~02

=-7.6541133E-03
3.5791637E~02

~3.1175464E-02
2.8070525E~-02
3.8367575E-03
-3 .2005718E-02
4,6660238E~-02
8.1401176E-03
-2.1334985E-02
4 .2232885E-02
5.1457554E-03
~4 .2801992E-02
3.4330292E-02
-2.2674902E-03

3.4232754E-02



297
297296310
297296320
2972960330
297297310
297297320
297297330
297298310
297298320
297298330
297296111
297297120
297297121
297298110
297296201

298
298297310
298297320
298297330
298298310
298298320
298298330
298299310
298299320
298299330
298299110
298297120
298297121
298298110
298299100
298299111

299
299298310
299298320
299298330
299299310
299299320
299299330
299000301
299000302
299000303
299299110
299299100
299299111

~4,8884683E~02
—4«8471439E-02
—5.3387673E-02
3.2292043E-03
248155666E-03
.4 +7TBBT551E~04
4e9384170E~02
4+8950281E-02
5.3156090E~02
—4.7770507E~02
2.3627514E-02
2.3945413E-02
2. 7T641953E-02
=4 .8307759E-02

~4.5428380E-02
~4.5919888E-02
~4.B222649E-02
8.0468845E-04
2.9%431491E-04
4.5390987E-03
4+ 7350772E-02
4.451535TE~-02
5.1835518E-02
3.7430048E-02
~2.5071781E-02
=2.4755306E~02
~2.0994424E-02
1.7160247TE-Q2
4.4993911E~02
11

-4,7827856E~02
44834016 TE-02
-4 4,4 10304 7E-02
~1.1510283E-03
~4 405001 74E-03
3.284T7107E-03
-1.9679956E-10
~1.9679956E~10
~1.9679956E-10
-1.1156657€-02
-3,1453155E-02
-3.5411964E-03

End of Mable 6,

-~

=3.3540838E-02
4«5150300E-02
646214000E-03
~2+2914424E-02
4.0743480E~02
3.6049954E-03
-3.1794614E-02
4.5322814E-02
1.1645544E-02
3.2823481E-02
2.0265087E-02
2.1263032E-02
-2.5576312E-02
3.2723607E~-02

-2.4470411E-02
3.9161207€-02
2.0387070E~03

—3.3377516E-02
4 +.3796670E-02
1.0100176E-02

—541665726E-02
4.8243494E~02
1.2330690E-02
3.3063014E-02
1.8706945E-02
1.9706280E-02

~2.7139170E-02

-1.9058286E-02

=4 ,1062900E~02

=3 .4851692E~02
4e2357455E-02
B8.6372888E-03
—-5.3232239E-02
4 4+6813308E-02
1.0854518E-~-02
-3 .862370BE-09
-3.8623708E~09
-3.8623708E~-09
3.1610327E-02
~2.0549835E-02
=4,2610240E-02
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Weighting the Block Adjustment Solution: The weighting of the
block adjustment solution is performed by applying image quality
and control station weights to the data during the computations.
These weights can be defined as follows

.Image Quality Weights: It is logical to welght a block adjust-
ment in favor of those observation equations provided by the
better quality images because their equations are more reliable.
Image quality is primarily influenced by lens resolution and
the type of ground object creating the image. The weighting

is accomplished by multiplying each observation equation by a
number éxpressing its relative reliability.

Control Station Weights: The observation equations are written
for each image on every photograph in the block created by the
pass points, control stations, and other objects which are used
to influence the least square orientation solution. When
written for image created by the control stations, it is neces-
sary to recognize that their initial provisional X, Y, Z ground
coordinates were obtained by classical ground surveying methods
and should be favored during the block adjustment. This is
accomplished by increasing the size of the main diagonal elements
of the normal equation matrix, which are the coefficients of
the unknown dX, dY, and/or d4Z correction terms. This serves to
reduce the size of. the unknown dX, dY, and/or d4Z correction
terms when the normal equations are solved. By reducing the
magnitude of the corrections to the initial approximations, the
least square adjustment is constrained in favor of these ini-
tial values. Control stations that are not subjected to this
type of weighting perform as pass points. These unweighted

or withheld control stations provide a means for eValuatlng

the accuracy of the block adjustment solution.

Presently, empirical values are used, for these weights at NOS
instead of being based on the standard error of the observa-
tions as required by rigorous statistical methods. Also, the
present NOS block adjustment program multiplies the pertinent
normal equation main diagonal terms by the control station
weights instead of adding on-a number to increase their size.

The resulting accuracy of the block adjustment can be expressed
as_a photogrammetric RMS error and a geodetlc RMS error. The

photogrammetrlc RMS error is computed using the residual vy and
vy plate observational discrepancies of all images contributing

observation equations to the orientation solution. The geodetic
RMS error reflects a comparison of the X, Y, Z results of the
block adjustment computation with the known X, Y, Z coordinates
for the control stations that were obtained by classical ground
surveying methods. In most NOS operations, weights are selected
that cause the photogrammetric RMS error and the geodetic RMS
error to be about equal. This has the effect of providing for
an equal distribution of the block adjustment errors between

the photogrammetric observations and the geodetic field observations.
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The inherent errors in using nonmetric S-190B photography and
office~identified photo control made it necessary to perform
numerous block adjustment solutions involving different combina-
tions of control and weights. The best results were achieved by
using 14 weighted control stations distributed unifermly along
the perimeter of the strip as shown in Figure 1. In NOS mapping
operations using metric photography and field-identified photo
control, eight weighted photo control stations would normally
have been sufficient for a block adjustment of the 12 photos.

As previously noted, the pass points wewre drill holes in the
emulsion and not images of specific terrain objects. The stereo-
comparator operator cannot remove parallax exactly on the drilled
pass point holes when observing their photocoordinates. This
reduces the vreliability of the pass point images during the photo~
coordinate measurement process., The office-identified photo control
stations, on the other hand, were prominent ground features
providing sharp images on the overlapping photographs. Since
drilling was not necessary for these stations, the comparator
operator was able to remove parallax directly at the images before
observing their photocoordinates As a consequence of their
higher reliability, a larger image quality weight was a851gned

to the control station images.

Many combinations of image!quality and control station weights
were applied to the 14 held photo control stations in an effort
to optimize the accuracy of the block adjustment solution. In
general all of these weight combinations yielded a horizontal
position geodetic RMS error of approximately 15 meters Ifor the
15 withheld (unweighted) photo control points. The maximum
horizontal position error on any withheld control station was
less than 26 meters.

Results of the Block Adjustment Solution: The welights used for

each of the 14 held photo control stations in the final block
adjustment of the SKYLAB data were: image quality weight = 6§;
control station weight for X and Y = 6; control station weight

for Z = 3. A smaller weight was used for Z because of the limited
accuracy in the stereo height determination resulting from the

low base-height of 0.10, even though the known elevations of the
control stations were of a higher accuracy than the known horizontal
positions for these stations (see Table 3). In fact, a higher

Z weight was found to degrade the block adjustment accuracy.

The pertinent output from the 600-photo block adjustment program
for the SKYLAB study is shown in Table 7. A summary of the
‘residual errors remaining at each of the 29 control stations is
given in Table 8. All of the ground coordinate data and the
residual errors are in meters and expressed in the secant plane
coordinate system. The results presented here are from a block
adjustment solution in which the standard error of the ground
control was assumed to be 4.1 meters. The residual errors given
in Table 8 are also shown on Figure 1 in red.
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STATION X Y 7
A 288100 11.738 ~12.1u83 -30.343
A 288110 10,025 20.329 ~233,10u
A 288201 10.991 7.727 -196.716
A 288111 -7.517 -5.612 172.285
A 288202 -10.718 ~2.895 134,558
A 288120 14,378 9.6886 ~205.982
A 288101 14,961 19.031 -210.726
A 290110 -2.030 .81 11.736
4 290201 3.301 ~2.078 40,588
A 290111 1.143 -6.379 -86.241
A 291120 .-0.207 6.891 ~-78.019
A 291121 . 12.64Y4 -56.815 -25.212
A 292110 -1.150 65.593 -38.472
A 292111 0.491 -~3.279 -5.378
A 293100 -4.988 12.935 25.196
A 293120 -2.891 -0.0986 -3.173
A 293121 8.579 7.711 -5.563
A 293110 13.274 8.672 ~13.012
A 2gu102 1.03L 1.407 2.332
A 295100 15.142 -12.953 -70.711
A 295111 1.938 0.800 -7.411
A 296201 -1.008 6.180 3.373
A 296110 -4,219 ~0.99y 29.125
& 297120 3.231 7.052 -137.767
A 2397101 1.667 2.042 -135.449
A 298110 -6.028 -3.617 85.999
A 299100 -16.2885 -18.695 -138,440
A 299110 ~-3.290 3.970 6.269
A 299111 0.296 -1.523 ~26.832
Note: A = weighted photo control station
A = unweighted photo control station
Table 8. Residual errors in meters remaining at each of the

computed positions for the 29 office-identified
photo control stations after block adjustment
solution, as expressed in the secant plane
coordinate system.

The block adjustment program is designed to terminate the iter-
ative computation when the computed corrections to all of the
angular camera parameters are each less than 0.00001 radians

(two arc-seconds). Table 7 shows that five iterations of the '
block adjustment orientation solution were required to achieve this
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condition for the SKYLAB study. Usually, only one such pass
through the solution is necessary in conventional NOS mapping
projects employing metric photography and field-identified
photo control.

The residual errors at the control stations appear to be
uniformly distributed throughout the test area, and there is no
evidence that the least square solution was not able to absorb
uncompensated systematic error, i.e., no large ‘isolated digcrep-
ancies exist in the solution. The horizontal position geodetic
RMS error for the 29 photo control stations was 12.218 meters
and is equivalent to 12.915 microns at the SKYLAR photography
scale of 1:846,000. The geodetic RMS ervror computed for only
the 15 withheld photo control stations was 15,068 meters. The
maximum horizontal position error was 24.794F meters and occurred
at withheld station No. 299100. No serious attempt was made

to hold closely to the elevations of the control stations because
of the inherent limited accuracy in the stereo height determina-

tion. Consequently, several of the vesidual errors in Z exceeded
-200 meters,

The photogrammetric RMS error was 12.996 microns at plate scale
and was computed using the vesidual v, and v, plate discrepancies
of all the images created on the photography” by the 38 pass
points and the 29 photo control stations. It should be noted
that the photogrammetric RMS error is usually about eight microns
on conventional NOS photogrammetric mapping projects.

Inverse of the Secant Plane Coordinate Transformation: Aftepr
completion of the block adjustment solution, the adjusted

computed secant plane coordinates were transformed back into the
original ground coordinate system (Geographic Positions and
elevations based on sea level) by applying the secant plane trans-
formation in its inverse mode. The results of this inverse
computation are displaved in Table 9.
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SECANT PLANE COORDINATES - DUTPUT OF BLOCK ADJUSTMENT IN METERS

PASS POINTS

288310
288320
288330
289310
289320
289330
290310
290320
290330
291310
291320
291330
292310
292320
292330
293310
293320
293330
294310
294320
294330
295310
295320
295330
296310
296320
296330
297310
297320
297330
298310
298320
298330
299310
299320
299330

s

14 HELD

288110
288111
290110
290111
292110
292111
293120
294102
296110
2946111
297120
298110
299110
299111

X
~175156.941
=224533%,782
=1964938,725
=140968.327
-163941.845
—l06348.364
-152383.610
=-131685,875

—T3506.450
~121335.,359
~-34988,940
-36515.376
—T9693.386
=60177.549
~557.116
=-46155.211
-22306.105
31898.162
—3694,629
15111.681
6T366.805
32090.883
493654290
104040,087
59972,357
78054,828
136781.254
100539.722
119761..767
L76204.799
132263.976
154437.310
221333 .928
l162683.562
188418.605

}4
~178654.007
-118060.309
-154397,051
—150574;857

-95485.277
~124266.567
~122833.069

~63563.072
~36569.496
~-91676.878
~36081.667

~67988.199"

~63241 L45T
~3100.307
~36467.791
~33201.994
23748.689
-11480.969
—4934,554
£3458,533
18897.434
22135.331
648184454
49544 ,761
49038,235
107751460
76365,232
86353 ,340
133424.766
1045104673
105752.304
162505,948
140222.139
118339,172
191183.725
168589.801

CONTROL STATIONS

~-20715%.931
=177004.709
=145821.193
~100286.078
~93657.861
~27028.950
~4299.309
-23668.327
105353 . 664
67450.678
129581.797
1566462.108
165977.778
213537.179

15 WITHHELD CONTROL

288100 .
288101
288120
288201
288202
290201
291120
291121
293100
293110
293121
295100
296201
297121
299100

-201266.954
—-199181.963
~200279.5641
—-207333.116
~178980.461
~145925 . 244
~108298.113
—106939.471
~3040.499
—28159.453
~2734%.79)
75565 .486
567109.1561
127254 ,334
1863211.924

—116%64,805
—175Z6%9.251
—64428,763
—-141713.5488
-20673.281
-=T9654.702
~52018.958
37935.490
37357.931
28991.786
129937.544
98122.969
175878.308
124931.293

STATIONS

~146868.,219
~121207.223
—-122471.2584
~117576.669
-176476.017
—84306.515
~25288.198
~26688 . 740
-51135.036
-27103.189
~51864.218
54087.740
98615.587
130858.812
125630.652

b2
—3763.068
~4350,547%

- ~3873.622

~2564,325
-25601.182
L2443.416
~1039.850
~1164.560
~899,891
«&62%9,069
-5445 274
~315,295
449,438
‘295,041
522,021
280,547
755,439
1059.436
690.863
306,189
550,016
82.479
330.914
285.874
87.815
=348.662
94,902
~1159.746
~1563,397
~“1730.984
—2617.263
-3090.611
-2944,173
~4290,205
~4075.060
=4134,662

-36357.839
~3729,028
-950.9563
~1517.218
295.369
292,163
701.227
804,347
-104.927
~238.805
-1893.776
~1757.118
~3777.908
-4024.813

~3905,180.

-3451.964
—-3515.593
—3661.5657
—3B4£5.203
~925.436
32.891
94,786
T47.140
821.656
701.808
156.211
"‘2}. 3.343
~1904.2561
«3I24.6%97
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GEDéRAPHIC POSITIONS — OUTPUT OF BLOCK ADJUSTMENT

PASS POINTS
LATTTUDE

288310
288320
288330
289310
289320
289330
290310
290320
290330
291310
291320
291330
292310
292320
292330
293310
293320
293330
294310
294320
294330
295310
295320
295330
296310
296320
256330
297310
297320
297330
298310
298320
298330
299310
299320
299330

14 HELD CONTROL STATIDNS

288110
288111
290110
290111
292110
292111
293120
294102
296110
296111
297120
298110
299110
299111

35
34
35
35
36

42
14
55
57
27
11
13
44
27
30

0
42
45
18

32

16
16
47
35
22

2
50

15
44
A

15 WITHHELD

288100
288101
288120
288201
288202
290201
291120
291121
293100
293110
293121
295100
296201
297121
299100

34

- 35

35

59
13
12
15
43

26438609
6491221
18.68739
57.28077
17.25727
58.24487
13.48098
54 .64260
14.74808
16.84703
1.95660
57.32927
45,64825
7.55350
10. 10432
2.81021
46.46501
46460473
18, 00507
29.95754
12.68101
49.66979
. 94303
42 .80926
10.50551
8.87137
5.88875
5.14785
49.55763
3.46029
12.17141
32.17061
4,08519
26.46691
32.00796
1.81199

25453695,

15.06445
30.27598
2.98861
32.95024
54,17346
52.23900
29.64527
51.15007
22.87241
G4 . 66 T04
17.00557
13.47135
6.62123

81
80
a0
79
79
79
78
79
T7
T7
77
76
76
76

CONTROL STATIONS

19.78010
13.88282
32.05602

5.55994
34.58196
34,13316
57.72387
12.83931
20.94618
19.20237
57.27979

3.99475
10.74701
14.71046
54.19126

Tnd af Tahle Q_

80
80
80

%MMINHE

13
54
17
48
33
55
26
12
33

5
47

g
38
25
45
15
59
23
&7
34
59
23
11
35

4
52
12
36
23
45
14

40
21
50
47

47

34
59

59
51
20

43,.87202
2.76273
20.37638
37.42388
31.79789
1. 74416
13.15051
5.64609
2.23300
36,97538
44 95660
59.30026
13.58220
14.22851
2.77197
22.25265
55466983
53.15875
41.73789
28.89599
52474101
51.81921
23.53281
49.19933
4.84073
24,8119%
22.45203
40.16500
44 .86165
58.88423
46.80372
53.24438
4,26612
1.24412
47.32371
33,11741

37.17181
58.91790
43.80370
57.40463
26.25236
53.97097
51.36030
53.18813
17.49878
24.02989
25.65847
14.24742
44.87622
11.53555

17.5633¢9
17.75518
06754

43.45203 |

15.70143
4£7.99968

D.5T444
14.54521

1,19852
45,55598
49.,00424
11.05976
38.01136
38.41834
42461679

Elevatlon

eet)

1096.07
-279.18950
196 .27163
~70.44538
176 .23997
259.67279
783 .04996
572.11904
1293 .58307
-1124.96987
44 .75680
-139,43926
233,10629
-13.95916
370.14007
557.46828
555.24755
1021.67941)
~82 .35886
=1127.14234
—660.65358
~1053.04192
-181.68449
—418,66557
1073.23836
159.90532
765 ,15397
309.91260
~554.28613
—~151.24184
—-338.95441
~1411.50456
~=1072.32185
-487.89597
248 ,66309
277417958

~56.53923
1130.99762
798 .41836
173.57077
T16.77843
167.48599
387.59883
538.,16070
251.29327
297.80444
-290.11984%
393.36137
51.6310¢4
-75,09492

550.25723
46.38242
29.57440

~13.58050

1040.36233

885,94229

669.99247

816.69433

512 .32645

472.98178

382 .53015

118.26105

350.34280

~283.95531
=446 ,64844
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Accuracy Analysis: In order to evaluate fully the accuracy
potential of the analytic system, a final computer program is
used to develop the inverse of the matrix of normal equations,
the variances, and the standard errors in X, Y, and Z at all of
the points throughout the project area.

It can be assumed that the camera parameters ‘and the ground
positions of the .pass points provided. by the final pass through
the block adjustment solution would not change significantly
should an, additional pass.be made. Thus the same refined image
coordlnates, together with the final camera parameters and ground
positions for the pass points, will yield essentially the same
normal equations that occurred in the final block adjustment pass.
This is the basis for the accuracy-analysis program.

The standard error E of the coordinates determined at a point in
the block can be expressed as E = Qe where Q is the variance of
the point as derived from the inverse, and e is the standard
error of unit weight for the problem and is considered to be
essentially equal to the photogrammetric RMS error determined

in the block adjustment solution. Both Q and e are relatively
independent and provide a means for the comparison of tests
conducted under varying conditions.

The variance Q is affected by the geometry of the block, such as
the number of photographs and the.number and dlstrlbutlon of
horizontal and vertical control. Its value can be computed

from simulated photographs before the pictures are actually taken
and is unaffected by poor techniques. The standard ervor of unit
weight e is a measure of the precision of the system and is
affected by the camera, comparator, effectiveness of the correc-
tions for systematlc errors, overlap, premarking, operatlonal
techniques, ete. Its value is relatively constant for a given

set of techniques and allows one to upgrade the system by
improving the technigues. Thus, for example, the nonmetric :
characteristics of the Earth Terrain Camera and the use of office-
identified photo control resulted in a standard error of unit -
weight of nearly 13 microns for the SKYLAB study.. This is
significantly larger than the eight microns or less that is found
in NOS operations employing metric aerial cameras and field-
identified photo control. . '

Table 10 shows the horizontal standard errors in meters in the
secant plane coordinate system for each of the 15 withheld
(unweighted) photo control stations. The horizontal position RMS
error computed from these values is 16.414 meters and substantlatec
the validity of the geodetic RMS errors found in the previous
block adjustment solution.



PHOTO

CONTROL ,
STATION . " X meters Y meters.
288100 T9,201 9.529
288201 9.98%81 15.053
2882072 10.16k 12,360
288120 9.003 13.679
288101 8.916 14.029
290201 7.271 1¢.185
29120 13,554 16.164
291121 13.158 15.701.
293100 15.650 11.110
2933121 15.736 11.260
293110 9.867 .49y
295100 9.377 10.147
296201 7.8u48 7.8uL
297121 10.349 8.9493

299100 : 9.084 13.678

RMSX = 10.963 RMSY = 12:216_

RMS = 16,414 meters
Y

Table 10. The standard errors in meters in the secant plane
T - coordinate system for each of the 15 withheld
(unweighted) photo control stations.
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FURTHER DISCUSSION OF SKYLAB ANALYTIC AEROTRIANGULATION RESULTS

In evaluating the results of the SKYLAB aerotriangulation

study, it must be remembered that these results were achieved
using a strip of photography instead of a block of overlapping
strips of pictures. For the case of a strip, analytic compu-
tations are usually terminated after strip adjustment because
there is no evidence of a significant improvement in accuracy
by continuing on through block adjustment. However, the strip
adjustment of the SKYLAB photography appeared to show apparently
systematic adjustment discrepancies that were assumed to be
attributable to a failure to compensate completely for the
systematic errors introduced by the nonmetric characteristics
of the camera and/or the office~identification of photo control.
For this reason, the block adjustment program was applied in

an effort to optimize the accuracy of the aerotriangulation
solution.

The results obtained from the block adjustment were reasonably
close to the values to be expected from the SKYLAB photography.
Our experience indicates that the block adjustment of a strip
of metric 1:946,000 scale photography using field-identified
photo control would yield a geodetic RMS error of approximately
14 meters. This figure must be modified to allow for the
additional errors introduced by the nonmetric characteristics
of the Earth Terrain Camera (focal plane shutter, camera lens
distortion assumed to be negligible, imprecise location of

the photograph principal point, etc.) and the office-identifi-
cation of photo control. Assuming a maximum error of 20 meters
introduced by the ETC and a maximum error of 15 meters for the
office~identified photo control, the overall expected geodetic
RMS error for the block adjustment of the SKYLAB strip of
pictures increases to nearly 16 meters. As noted in this report,
the actual geodetic RMS ervor was 12.218 meters for all 29
office-identified photo control stations and 15.068 meters for
the 15 withheld or unweighted photo control stations.

The National Standards of Map Accuracy require 90 percent of
all map points to be correct to within 1/50 inch or 0.51 mm.
for maps published at scales of 1:20,000 or smaller., Statis-
tically, the SKYLAB results indicate that 90 percent of all

29 office~identified photo control stations were held to
within 20 meters, and 90 percent of the 15 withheld or unweighted
stations were held to within 24.7 meters. It is evident,
therefore, that if the positions of all the planimetwric detail
required to construct a map of the project area were developed
digitally by analytic block adjustment methods, 90 percent of
these planimetric points would also be correct to within less
than 25 meters. Thus, the analytic aerotriangulation method
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can be used in this manner with the 1:946,000 scale SKYLAB
strip photography to construct a 1:50,000 scale map that will
meet the National Standards of Map Accuracy.

The usual practice in mapping operations is to compile the
planimetric details from stereoscopic models oriented to
horizontal -photo control established principally by analytic
aerotriangulation procedures. Experience has shown that 90
percent of the horizontal photo control should be known to
within 0.15 mm., as measured on the manuscript. This is
equivalent to 24,75 meters at a map scale of 1:165,000. Thus,
stereocompilation techniques can be combined with +the analytic
aerotriangulation methods to construct a map at 1:150,000 to
1:200,000 scale from the 1:964,000 SKYLAB strip photography.
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THE SKYLAB S-190B EARTH TERRAIN CAMERA

John B, MecLaurin
U.8. Geological Survey
McLean, Va. 22101

One of the major objectives of the Skylab manned space station to
be launched in 1973 is to collect earth resources data. The Earth
Resources Experiment Package (EREP) of Skylab includes instruments for
collecting data in several regions of the electromagnetic spectrum, ’
ranging from the visible to the microwave. The sensors include the
S-190A multispectral camera, the $-191 infrared spectrometer, S-192
multispectral scanner, the $-193 microwave system, and.the 5-194 L-
band radiometer. These systems have all been described elsewhere
(NASA-MSC, 1971). However, a new sensor, the S-190B Earth Terrain
Camera (ETC), has recently been added to EREP, Because the EIC is not-
as well known as the other semsors, I will describe its characteristics
and indicate some potential applications of EIC photographs.

The ETC was included in the EREP of the Skylab mission as an
addendum to the $-190 experiment. It is designed to supply high-
resolution photographs of areas within the "field of view of the other
EREP ‘sensors to aid in the interpreétation of data gathered by them.

In some cases information from the ETC photographs will substitute

for grouynd truth and for photographs obtained from.aircraft underflights
Furthermore, the resolution of the camera will permit certain investi-
gations that would be impossible for-any of "the other EREP sensors
alone.

The EROS (Earth Resources Observation Systems) Program of the
Department of the Interior is interested in the ETC primarily because
it has approximately the same photograph scale and'ground resolution
as the film-return satellite cameza system which was recommend in
1967 by the Natiénal Academy of Sciences for cartographic and photogram—
metric applications. That proposed satellite would be in a near-polar
orbit at an altitude of 200 km and would include a metric camera of
300 mm focal length. In 1970 the Depariment of Interior proposed to
NASA that a satellite of that type be flown, and we have a continued
interest in it. . .

The ETC is a modified version of the Lunar Topographic Camera
carried on the Apollo 13 and 14 missions. Tt is being built by Actron
Industries, Inc. (formerly Hycon) under contract to NASA, The body is

. an extensively modified KA-74 reconnaissance camera body with a focal-
plane shutter and vacuum film flattening. The lens'has a focal length
of 460 mm, a fixed aperture of £/4, color correction, and maximum
radial distortion of 10 um. TForward image-motion compensation is
provided by rocking the entire camera in its mount during the exposure.
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Figure 1.~-The Skylab S-190B Earth Terrain

T

i
3 -
Wi
Yoo
A3y

e

,,
7

2

iy

i
H

[Nt

ol
3

i

{

—

axtns Db s b e

e

sty \k - g ey ek R Af i g e 0 e
iy K AT - -
¢ 1. me ) -
.
'
. roF o
PO | - N P i N TR Y
s - +4F A P £ 1]
N - 1af
.

H 2

Camera.



The frame format is 115 mm by 115 mm so that at thé Skylab altitude
the format covers an area of 109 km by 109 km. Characteristics of
the camera can be summarized as follows:

Lens——460 mm focal length, f/4 fixed aperture;-color corrected
Lens distortion-~Radial, * 10 um; tangential, # 5 yum
Shutter--Focal plane, bidirectional; 1/100, 1/140, 1/200 sec.

Forward-motion compensation--By rocking camera, 0 to 25 mrad/sec.

Film--125 mm (5 in.), 2-mil base; 450 frames/roll
Format—-115 x 115 mm

Framing rate--0 to 25 frames/min.

Overlap--15% Standard; 0 to 80% availabl

‘Ground coverage at nadir-—109 x 109 km.

The camera has a control box with a switch for selection of manual
or automatic operation. The forward-motion compensation system can be
set to operate within the range of 0 to 25 mrad/sec, and the framing
rate from 0 to 25 frames/min. Three shutter speeds are available,
17100, 1/140, and 1/200 sec. Figure 1 is a photograph of the camera.

The ground resolution of the camera depends on the film used. The
three films being considered are S0-242 high-resolution color, 3443 color
infrared, and 3414 high-resoclution black-and-white. To obtain estimated
ground resolution for the different films, Actron has run computer .
simulations that model the forward-motion compensation system, the
attitude—error rates of the spacecraft, the shutter speed, the lens
characteristics, and the film and filter characteristics. Table 1
summarizes the simulations (the shutter speeds were subsequently
changed). As can be seen, the expected ground resolution varies from
10 to 39 meters per optical line pair. In addition to the films listed,
it is possible that a color infrared £ilm of higher resolution w1ll be
available for at least one of the Skylab missions.

The ETC will be mounted‘in the Scientific Adrlock of the orbital
workshop of Skylab. The other EREP- sensors will be located in the
Multiple Docking Adapter. Figure 2 presents a view of the Skylab
space station with the major components indicated. The ETC will be
boresighted to record the same ground areas that the other EREP’' sensors
are view1ng.

Skylab will be operated as four missions (fig. 3). The first
mission, Skylab 1, will launch the unmanned space station. The next
day the first three-man crew will be launched in an Apollo spacecraft
as mission Skylab 2, which will reanire the ecrew to occupy the space .
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TARLE 1. Predicted ETC resolution, in meters on the ground
per optical line pair.

High~ - " Low
Shutter contrast contrast
speed resolut ion resolution
Case Fiim (sec) ) {1000:1) (2:1)
1 3443 1/100 21 39
2 ’ 3443 1/200 21 33
-3 3443  1/500 21 38
4 3414 1/100 8 15
5 ) 3414 i/200 6 i1
6 o 3414 1/500 5 10
7 - - 50~242 1/100 12 - 22
8 §0-242 1/200 11 20

9 - S0~242 1/500 11 20

Based on computer simulations b§ Actron Industries, Inc., July 1971.

station for about -28 days. The crew will conduct several experiments,
“including the EREP series., About 2 months afrer the return of the
Skylab 2 crew, the Skylab 3 crew will be launched to occcupy the space
station for as long as 56 days, again conducting a variety of experi-
‘ments. The final mission, Skylab &4, will start about 1 month after
the return of the Skylab 3 crew and will also have a duration of up to
36 days,

Skylab will follow a 435 km circular orbit with an inclination of 50°
which will carry the statiom over any portion of the earth between 50°N
and 50°S latitude. The normal attitude of the space station is referred
to as the sclar-inertial mode, required by the solar panels and the
heating constraints. For the EREF experiments the space station must be
maneuvered inta the z-local-vertical mode. Because of thermal and other
constraints, the mode can only be used for a limited number of orbits.
Current plans call for approximately 60 z-local-vertical passes.

The orbital and mission constraints will thus limit the number and
location of EREP data-collection passes; it will not be possible to
collect data for large contiguous areas, and repetitive coverage of an
area will be limited. Nevertheless, considerable data of value to
various earth resources investigations should be collected during the

A
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Figure 2.-~The Skylab spacecraft.

Skylab program. For the Skylab 2 mission, 4 rolls of film containing
450 frames each will be available, and 6 rolls will be available for
sach of the other 2 missions. As many as 7200 ETC photographs may be
sbtained. . ' T

The exact areas of the United States where ETC photographs will
be acquired have not yet been selected. Generally, the final areas
for photographic coverage will be determined during the mission. Investi-
gators whose EREP proposals were accepted by NASA have been notified
of the addition of the ETC to Skylab, and many of them have requested
ETC photographs of their test areas. In addition, many Federal and
State agencies have requested ‘ETC photographs of specific areas. The
requests are being coordinated with the Skylab mission plamners in an
effort to take photographs of as many areas of interest as orbits,
weather, and other constraints will permit. EIC photographs will be
available to the public at nominal cost through the EROS Data Center
of the U.S. Geological Survey, at Sioux Falls, S. Dak.

The design of the ETC will limit its applications. First, the
ETIC is not a metric camera in the photogrammetric sense. Because the
image frame is a part of the removable film magazine and because of the
use of a focal-plane shutter, the geometric quality of the photographs
is limited. The principal point cannot be precisely located, and
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Figure 3,--Sequence of Skylab missilons.

-therefore analytical applications will be limited. The ETC has o :
limited field of view, 14°. When the camera is operated for 60%Z overlap,
the base-height ratio is only 0.15; thus, the use of the ETC for
stereoscopic height determination will be especially limited,

In spite of the limitations, the ETC represents a significant
advance in camera systems for earth resources observations from space.
The ground resolution is considerably better than that of any camera
previously used. A recent paper by Colvocoresses (1972) compares the
image resolution of ERTS, Skylab, and Gemini/Apollo space photographs.
Table 2, compiled from data in that paper, summarizes the ground
resolution of the various systems. From the tabulated data, it is
obvious that the EIC has ground resolution from 3 to 20 times better
than the other space photographic systems. Moreover, the EIC fills
the gap between the other space systems and high-altitude aircraft.
cameras, which normally have ground resolution of 1 m or better,

The ETC will also permit a comparison of multispectral and multi-
spatial data collection. The 5~190A multispectral camera will provide
narrow-spectral-band photographs useful for multispectral interpretation.
The ETC, on the other hand, will provide photographs of a different

: L
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TABLE 2. Comparlson of Ground Resolution for Space Imaging Systems.
Ground resolution given in terms of the photographic
criterion of optical line palrs, in meters on the ground per

line pair.

) High-contrast Low-contrast
System {100:1 or 1000:1) (2:1 or 1.6:1)
ERTS~A . :

' RBV, green band 126 180
RBV, red band Léﬁ 180
RBY, infrared band L56 .275
MSS 244 316
Skylab
- §=190A
High-resolution film 22 . 38
Low-resolution £ilm " 49 99.
$-190B (ETC) - .
High-resolution film 10 15
‘Low-resolution film ‘20: -_ 38
Gemini/Apollo o .
‘ High—reso}ution film 50 70
_Low«-r;a_soiution £f1lm 80: 12-5

scale and resolution, which can he compared with- the 5-~190A photogréphs
and thus provide an evaluation of multispatial data.

The S~190A and ETC photographs may also be used with aircraft
photographs for multistage sampling, a technique that starts with the
interpretation and classification of small-scale photographs of a large
reglon. Interpretations are made on progressively larger scale
photographs of smaller and smaller areas within the large region. The
application of the technique in forestry has been described by
Langley (1969). )

Therefore, the principal applications of EIC photographs will be
in experiments where high resolution is required. Each individual
photograph will be a nearly orthographic view of the ground, with

A



rather low distortion within the frame. The high resolution will
greatly benefit experiments in which photointerpretation is important.

An example of the kind of experiment planned for the ETC
photographs is photomapping at 1:250,000 and 1:100,000 scale. The
image scale of the ETC photographs will be about 1:945,000. Doyle (1971)
has proposed criteria for the resolution required for photomapping and
the useful enlargement of the photographs:

= _4'
Rg 19 Sm
where Rg = required ground resolution (m/1p)
S, = map scale number.

The suggested criterion for photographic enlargement is expressed as

M = IP
2 10
where rp = original photo xesoluéion-(lp/mm}
Hﬁ = allowable enlargement from photograph scale.

According to criteria, the required ground resoclution for 1:250,000
and 1:100,000 'scale photomaps is 25 m and 10 m., Assuming the use of
3414 £ilm, the approximate photograph resolution is 80 lp/mm and the
2llowable enlargement is 8X. Enlargement to 1:250,000 scale would
require 3.8X and to 1:100,000 would require 9.5X. At 1:100,000 scale
the image would still have a theoretical resolution of 8 1p/mm, which
may be satisfactory in the practical sense. -

The U.S. National Map Accuracy Standards (NMAS) require that 90%
of the well defined points tested be no more than 0.5 mm from their
correct position at map scale. TFor a 1:250,000-scale map the tolerance
converts to 125 m while for a 1:;100,000-scale map it is 50 m. A
computer program prepared by DBA Systems, Inc., for the Geological
Survey has been used to determine how much relief can be tolerated
before planimetric image displacement exceeds NMAS. The program
includes the effects of earth curvature, atmospheric refraction,
terrain relief, location of the image in the photograph format, and
map-projection scale factor. The computer analysis indicates that
about 500 m of relief can be tolerated at the extremes of the usable
photo format for the photograph to meet the standards for 1:250,000-
scale mapping. For mapping at 1:100,000 scale, only about 300 m of
relief can be tolerated. The UTM was used as the map projection in
the analysis.

Conditions which could significantly affect the positional

accuracy of the images, however, are the effects of the focal=-plane
shutter. and of errors in the forward motion compensation (FMC) system.

ﬂ,s



A NASA study (McDermit, 1971) considered the effects of spacecraft
residual rates, FMC errors, earth rotation, shutter type, and spacecraft
rigidity. The study concluded that, in the worst case, errors due to
the sources considered would amount to about 35 wm displacement between
the Yeading and trailing edge of an image. That is, the dimension of a
discrete image will be changed 35 um in the direction of motion. Much
of the error could be reduced by proper operation of the camera, but a
random component of azbout 22 pm would probably remain, equivalent to

21 m on the ground. Thus, there is some question whether the 1:100,000
positional accuracy requirement can be met. Maps at the scale of
1:250,000, however, appeaxy to be well within the capability of the camera.
The USGS plans to conduct photomapping experiments at both scales in
order to determine the usefulness of space photographs of ETC resolution.

- Other mapping experiments planned for the ETC photographs include
map revision and thematic mapping. Experiments will be conducted to
determine the types of map revision information that can be derived from
the photographs and applied to maps at scales of 1:24,000 and smaller,

Thematic mapping consists of the preparation of maps depicting such
data as vegetation distribution, surface-water distribution, snow cover,
and the massed works of man. Thematic mapping experiments at scales of
1:250,000 and 1:100,000 are planned, using color infrared photographs
as the most suitable input for this kind of mapping.

ETC photographs will also be used for land-use mapping; urban
development studies; sediment loads and dynamics of San Francisco Bay;
geological synthesis of the Colorado Plateau; study of hazards and
tectonics in the Cascades volcanoes; marine geology of the Pacific
Northwest; and geologic studies of areas in California, Oregon, Oklahoma,
and a portion of the Great Plains. The experiments will depend largely
on photointerpretation of the ETC photographs. Some will require normal
color photographs while others will require color infrared photographs.
One of the primary objectives of the ekperiments will be comparison of
ETC photographs with aireraft photos, S-190A photos, and ERTS-A images.
Thus, a better assessment can be made of the scale and the resolution
that are optimum for each particular investigation. The results of the
experiments will be of great wvalue in defining future data-collection
systems for earth resources.

In conclusion, the Earth Terrain Camera provides an opportunity
to acquire high-resolution space photographs for the study of mapping
and for investigations of earth resources. The camera fills the gap
between high-altitude aircraft photographs and other hitherto random
space photographs. Although the camera has several limitations from
the photogrammetric standpoint, it will supply high-resolution photographs
of value to several discipiines.
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e PROGRAM ____ BBLY _ e COC 6630 FYN V3.0=324 OPT=2 OL/GZ/T5 20440454 PAGE 1
PROGRAM BELO C(INPUT,CUTPJT,TAPELTAPEZ,TAPEY ,TAPELL4TAPEL2} B6L0S 1
] c BLOCK ADJUSTMENY  ESSA-3)A4ST AND GEOQUETIZ SURVEY 1969 (KELLERY B60U 3
C__ _ . MAXIMUM NUMBER OF PHOYOS IN BLOCK = 8609 8600 4
c HAXIMUH NUHMBER OF PHOTOS I[N A STRIP = 20 CTTTT oBeG) T T T 5T TTTTTTT
— e B o ._. DIMENSION Al259,2591+G(212)16},CAM(600,12)48(3+18004C(3,860}, ABOD 1
1P 13416 4 ELT,58), TITLE(S} +3 (6,49 B&UG 8 Tt
OIMENSION INDEXL(6J0) INDEX2(600) _ oL _ BELLS 2
COHMON/CDUUF/LEN NEXT IFIRS T, IXBUF 4 BUFF (1024 41QyJST BoOO T T 9
e ... COHMON/ODJUF/LENG.NEX,IFIR,IBUF,BUF (10241, I%,ENDFLD B6OO 18
10 CALL LTRID(SLTAPELy1LED 2y 2+KS) T Beoo 5
S ___ GALL LTRIDISLTAPEZ.1168,0,2+KS) _ B6OG i2
CALL LTRIUISLTAFE32160,2421KS) o 860G 13 T T
CALL OPENMS(11,INDEXL 600,20 _ BEOCS 3
CALL OPENMI(12,INDEX24809,1) =T omegds T T w7
el _oLAs DATACIEF=1G0D0GC0OGO00RPEE)  LENDFLA=042 N 8600 17
(IF=24601200536000000003)3) T BelD 18 - -
e i DATAUXSTOP=AH ) . __ BsO02 1 .
TZVYXH = ¢ B&OQ 19 TTTTT Tt T
JCALL PATCH B600 20
20 IF(IZYRHLEQ.B) GO TO 999 T BBOOD TTTTTY 21
e PRINT 98 86070 ze
) 98 FORMAT(*1 JOB STEP ABORTEJD = INPUT AREA ¥/} — ~ 7~ 7 777777 ™ = og&0§ T T 23 T T -
e S PRINT 99, (BUFFET)121,1324%) } . BE6GO 24
99 FORMAT (1X, BALG) T " B600 25 TTTTTTT—
25 IF{(JST.ANDLIEFY LNE.DV 33 _T0O 1000 B60G 26
CALL LTRIC (IQ,4B, XX, XX, JST) 8660 F S
. R 999 IZ¥XH = % 8600 28
1000 IF (ENDFLQ.EOQ.0s) CALL LTRIO [IPy1158+XXsXXyKSTD T Be0o gg Tt
e ENOFLO = 1. N 8600 30
30 ITERAT=1 - BEBJO 31 T
LENG=0 $ NEX=IFIR=1 8600 3z
CALL OQBUF (L) Tmrnm T == 8603 3z v
_____ R ENCODE (60.574+BUF{IBUF))  XSTOP 8600 L
574 FORMAT{13HH JOB STIP L1,A4) 8590 35 I
35 ¢ . . o . BBOY 36
[V INPUT PHASE . Tt T - B6OD 37 T T T T e
c o L - BE0Q 38
KB = KG & LINE™= ME = IOTHER™= LOS = 0 TB&IG T 739 T T
. ___ IGD = IRE = KQISK = 1 8600 49
g READ 531,TITLE - T B&OG Ly T ot e e e —
. e IF{TITLEC(L) EQ.XSTOPICALL JBUF(D) B60G 42
PRINT 569, TITLE ) 8E00 [ R
PRINT 532 o 8600 L
IPHO=JOYCE=MORY=0 B6OD ~ TTT 45T TTTT—
e s LLL=259 B600 46
c READ BLOGK GONSTANYS ANI CONTROL HEIGHTS B6OG Ly e
_____ o . READ 524,LARRY2FLHTT42/HTL2PyWTCON,HAX,RESEDyJERRY yIRVER AGDO 4
IF(JERRY)&e1y2 8606 49 - - e e e
e 1 PRINT 567 B&OD 56
50 " GO T0 3 T T T T e =omT e TR s s = 8600 TTTTTTTOBA iufhnsinadeish iy T —
.. 2 PRINT 588 860y 52
3 K=1 ) 8600 " 53 T oTT T -
e PRINT 576.FLsMAX,RESLD 8600 LI
PRINT STT+HTTL2sNTL2P 8600 55 =
55 PRINT 573 8604 56
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——— . ___PROGRAM___ _BEO09 _ __ _ .. .. .. . cOC 56)0 FYN V3.0-324 OPT=2 Q4/02/75 2038034 PAGE
4 READ S58,A(1sK15802,K) At K)ITEST ' 8600 ST
1S=A(1,¥) B5L0 58"
... IFCJERRY«NE.9i 60 70 324 L o 8500 59
. HEIL=HTGON ) R - YT S -1
o 80 o JOYCE=ALZ4K) o o ) ETLY 61
g E, HORT=A (3 K) petg " 62 T T T
vo G2 .60 TO 322 | BECD 63
E 321 NEIL=A(2,K) B&CD &l
% e e v .. TP INEILGEGL O NETL=A{3,X) e e, _ Beot &5
w ? 65 IFLA(2,K) JNE.0,0) JOYCE=HIZON gegg 7 66 —
il e e IFCACI,K) JNELO.0) MORT=HTION . . i .. seODI BT
2 v 322 PRINT 574, [SaNEIL#JOYCEWMIRT 8600 68 -
(an} b JOYCE=HORT=0 _ AGUD 5
o IF{ITESTIS 546 T BROG T TN 89T
e WD . 5 K=Kt - .. i _ . _ BedC _ 70
IF(K-2500 440427 BeLL oL TTT
! ﬁ_‘__._ _ 27 PRINT 570 e L . B600 72
Zet sToP T osedg T T 737
: 6 J=1 _ __ _ B6OG 74
75 DO 7 I=2+K B&66J T 7577
L LFCALL4T0.GELAUL,,I-1I6O FD 7 . 8500 76
J=-1 - =T I :1-1: 1 T &
DO 8 L=L03 o o o o e e e ot ot v v ——— e 8600 78
SAVE=ALLy I} aadd 78 77
80 AL T)=ALL,I=1} 8640 40
AlL,I-11=SAVE B60D a1
B GCONTINUE i 8600 a2
7 CONTINUE - - - - e Boga "™ © 83 o ==t
e e e et LFLJLLT L DIGO TO B ~ B&03 84
45 READ IN ALL GROUND GOORIELNATES FOR BLOCC e : 1= 1 Y- S
LEN=0 § MEXT=IFIRST={ B&0Q 85
10=2L01200534%0060066000CE geud 87 T
L .... CALL DBUFI(G) L i o B6OG 88
CALL DBUF {1} N - I 111 89 ~ T U7
99 LS o I _ 86060 9¢
§ MCON = J+5 - - e i -
NCOM = HCON-Z 8600 92
CALL OBUF (1} KA e } B6GA ™ YT 93
. __ DEGODE(80,527+BUFF{IXBUFI} (GLL),1=J,NCOHI 4 ITEST 86GJ 94
95 00 i L=1,K - = "t B&go = gg T
_ R IFCGCJI-A(L LI 11,1220 . BE(G 96
10 CONTINUE - peog " " o9y T TTTTTT/ T
GO TO &1 __ R600 ag
12 Glasui=AL2,L) BOOG 99
S 1 [ S GLI+3I=AL3,L) i o ) B60E 166
G0 TO 13 T e T TTLoBROg T T AL T T T
em v an e 11 G(J+9)=G L4510, 86090 152
13 IFCETESTId4adba45 T - 1-¥ T B 1 - J —
14 J=J¢5 N . 8603 104
1905 GO TD 9 8600 165
e s e e 15 NCON=NCON/B 8500 106
DO 22 J=1+256,3 BeEOOD T 18T e e
. 0Q 22 I=1i,207 BBOG 108
AtT,)0=0. 8600 169 -
110 22 CONTINUE 8600 115
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e _._____PROGRAH _ BBRO COC 6630 FIN v3.3-324 OPT=2 PAGE 3
LEN=0 & NEXT=IFIRST={ K . BeOU 111
10=260120G53560000000008 8600 12
o GALL DBUF{D) N L . BeOG 113
CALL DBUF {1} 8660 114~ 7T T
o YRR & 1- SV IFCNCON=2000016,16,17 _ . . ._. Beo® _ s,
417 PRINT E29,NCON B600 116
__srop N e B606 _ 17
16 IPHO=IPHO+1 B6OY 118
o .. LFCIPHO-LL}OT 433,93 . 8605 119
120 93 NROWSME=IPHO=L3 " BsOe 120 T
I GROUP ALL NEW OBJEGTS AY) THEIR IMAGES T0% PLATE AND PUT IN JISK B6CD 121
48 DO 83 JI=HE,NROHW B600 A V- s
JOYCE=2156+[=43*L{(I-1)1/43) 8600 123
NEIL=A{JOYCE,$1) T T ogsul T T LEh
- ¥ L=y 86&0 125
DO 106 K=1+NETIL 8600 126 T
e . DO 1D1 HURL4LTHE e . B0 127
IFCA(JOYCE 1K) ~G{6*NU=-5) 113t ,102,10% . " ge00 126 T T
101 GONTINUE o pansg 129
130 102 MORT=NU=856* (({HU=13/86) ge06 T 130 T
—_— L HM=(L+{HU-1)s8B1%9 - 8 B&0G 131
J=M ) s Tmmmrm e omm T Be0G -~ 7 132 ~
. 106 IF{A(Js3*MORT-21)108,108,236 ) 3 B600S 5
296 Cl1.,L1=p4J,3*HORT~2) ) T ToBeog 138 T T oTTTTT T
135 Cl2+L)2A{d,JHHORT=1) 8660 139
C(3:L)=A(J; I*MORT) e - VY : T I €1
_ o Jd=del B6OY 141
L=Lt) ) B - B T B6OL ihe »0TT
o IF{J=H=8) L16,106,208 ) B610 i43
140 108 A(M,3*NHORT=2)=-1. T Be00 ey TS
108, CONTINUE | __ B&00 145
NA=3*(L=1} =TT BeGd T T Lk T
S L. CAM(I,12)=NA 8606 147
IF(NALER,OF GO TO 83 BE6Q0 148 ° TreTmemm e
148 CALL WRITHS(11,C,NA.KDISK) B60§S 6
KDISK=XDISK+(NA+4OTIF60B ~ 7 - N BGEO "~ " 480 T T TTUTTTT
83 CONTINVE _ . Bo0D 151
GO TO (473951 ,IG0 T - B6LES -7 7152
G _ READ [N REFINED IMAGE C)ORDINATES FOR PLATE BEING RESECTED 8600 153
150 47 JOYCE=215¢IPHO-43¥({ (LPHO-L) 713} B6GO T 164 T T e s e
L o HEIL=0 gago 155
CALL DBUF (1} B&OD 15 ~ " T T T o T
nsconE(su,szs.aurrtrxnurn3!1;503.atz.50:.ut3.50).8(1.51).at2.51: B6LO 157
1F(8¢2,50).E0.4L0) NCOM=I?H40 : 8600 "7 158 T T
o 455 __ . ... IFC(B(3,50)=1.1318,3174+318 8600 159
317 I=IPHU=RCOM#L geoR "t LB0TTT T T T -
R IF(I-2003524352,35L 8660 161
351 PRINT 572 8603 162 T e
_5TOP . B&GY 1863
160 352 IFLL.GT.L0S) LOS=I ™~ ™™ 7 T Tt T = ™ R&GR T iBy T T T -
... 318 LFCLARIYIG1,91,9) 8600 155
9C FL=8(2,51} B60U 166 - " ———
e e CAM{IPHOs2)=FL 8600 167
91 IHAGE=L B&0Q 166~  TT 77 -
165 36 CALL DBUF (1) B600 169
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JPROGRAM _____ B600

: 18
e ATO___ %G
G
. . G,
175 24
e eI
39
ABO . w1
Wo
{35 L2
. 13
=) +20
e, 32
’ﬁzf'_g_._mm___.___ -
& e
=] 155
IS
o &
T o T
i 208 26

205

24

211 i

T - T 7 29
2i%

Yo . ) COC 8690 FTN v3.0-324 OPT=2  G4/02/75 20.40.54s  PAGE 4
DECODELB045264BUFE (IXAUFY) (B(J,IMAGED 4 JS14 31 ITEST * _B6OY 170
IFLITESTILB,18,21 G6{d 1T
IHMAGE =THAGE+L . ~ i R cens 2
IF(IMAGE=30136436,20 ) - I +1-11]) 3 - g
IS=0{1,50} . ) . L. 609 4
PRINT 545,13 ceas 5 s
sTYOP . - L ce0a 6
SET UP ORDER LEST = STOZ IMAGES BY OBJEGT - SET UP OBJECT FIUE " 8600 178
LIST FOR PHOTO - SAVE ZIJRDINATES OF POTENTIAL RESECTION 08JZCTS B6C0 179
LAST=0 B&0Q 18 - T T 7
1F(Dt2,501139,39,38 . B600 | 181
NROW=4 8690 i82 -
60 T0 u? 8600 183
IF(B¢3,502}1a040,41 Tgedd T o184 T
NROW=1 . oo . . 8600 185
NMI=6 - BEGO 186 7T T T
LAST=1 e L o I - 1-1 1 187
GO YO0 43 B5600 183 -
HROH=1 8600 189
NMI=IMAGE TOBBOD T 190 ° 77 -
DO 23 K=NROW, NHI _ L s . BE0D 191
J=pti,K¥¥,000001 T TooBeEy T oawe T O
FK=J*L0G03090 e e i _ 8600 193 -
FK=B(1y K} =FK T TTT Beoo T 1Yy e
_ NU=4 o B6GL 198
HORT=NU=85% ({NU=1) /8E} ety — " 198
U= L1+ (NU=L) 7861 %9 = 8 e . . L B6G0 197
IF(ALH, 3¥MORT =21 ) 25426425 T T T ps60 198 T
ACMy3*HORT=21=31{1,K) . i 8600 199
BUH,3FMORT-1) =B {2,K) b B6G0 260 T T T T
AUM,3*HORT) _=BI{3,K) 8600 2¢L
LINE=LIMHE®L BOGO™T T au2 S
I=6*%NU~5 L i B6CQ 2903
IF{G(L)=FK) 26,449,426 B60d zZ04 e
G120811=GLT) e ) 8600 z05
GCL2002)=6(1+1} ToTTh e Rl © asou 246 - i
G(L12003)=0(T+2} 8603 207
GLLZ004I=G(T1+3) B T BeGdT T 208 - -
GU120851=G(T+4) B&LG 209
G(L2006)=GIE+5) - i B&0QJ 210 T
NU=HU+1 . . 5600 211
B0 28 L=NU, NCON T T T 6600 gLz - T T ToT T s e
_IF(G{B*L=5)=FK)28,429+28 8610 213 .
CONTINUE -— ~ BESS T 21k —
_ IS=FK 6600 215
PRINT 528,15 - ) - A “  BB0D 2l - -
srop " gecd 2.7
GLI) =G(B"L-5} B6G0 218 T
GCLrLiF=GULE*L~0) B&DD 248
GLI+21=G1H*L=-3) T TT ST TSt BREG T T T T T TS
GLE+3)=GLl6*L-2) 8600 221
GLI+h)=GlarL=1) ~ ‘ " -t 8600 *og2e T me e s e
GUI+BI=GIBYL) 8660 223
GE*L=5)1=G(12 0010 feoo 224 - -
GU6*L-L1=G{L2062) 86040 225
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gia)

d J0

0o ¥oo
- ST DV TVNIDTIO
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. __._ . PROGRAM B6CD R . COC 6604 FYN V3.0=324 OPT=Z  04/G2/75 2G.+40«5ke PAGE 5
_BIB*L=31=6112003) o 86069 226
G(B*L=21=6(1200%) aece 7T oar 7T
. . - LUGIGTL=11=6112005) . . .. i o . 8600 228
Gte*l) =06(12005) - 1Y 1) 229 T
e .22% . 4% NEIL=NEIL#1 e - . _ - .. _ ®e&b0 _ __ 2w
ACJOYSE ,NEILI=GLIY 8699 23L
_IF(K-9)50,50,23 8600 232
60 W{L,K+601=G(I+L) BAUJ TTT 233 TTTC
- . e .. Bl24K+B0)=6II¢2) N A . B&00 234
230 BI3,K+B0)=G(I+3) 8504 23g - " T
e . GO TO 23 . 8600 238
25 LFEFK=G{B*NU-5))30,31430 ) B&UJ 237 = —
30 MUsNUES _ Bnl0 238
60 1O 32 8e0d” 777 239
e 235 ____ 3 L=H#2 B&00 240
35 LFLACL,3¥MORT-2)133,34,33 8604 241 T T T T T
o L 33 L=Lel 8600 2hz
IF{L=M=8)35,35,37 860y 243 v )
37 ISsGLE*NU-5) 8604 Sut
240 PRINT 537,18 B60y " 2us T
R e . STOP . BEOD 246
34 AC(L+3*MORT-2)=B(1+K} e T T T - 8604 247 2
e R ATL¢3SMORT=1)=BL2,K) o 8600 248
A{L,3*MORT) =B(3,K} - - 8604 249 e
245 L I=sB*NU-5 8600 2z0
GO YO 49 TTTTOT oBeaG 251 - -
- _ ___ 23 CONTINUE . BE0G 252
IF(LASTI4B LBy b4 - BEOL 253 o T
e .. 44 LFCIMAGE-9)UB,Ubyu45 } L. 8600 254
250 L5 NROW=1§ 8860 255 o
LAST=C  _ 8600 256
GO To &2 Bge0a "~ 257 ~
R ol 46 ACJOYCE,31)=NEIL i 8620 258
¢ B6LG 259 B
255 L. PHOTO RESECTION PHASE . B6O1 2635
C . T BeDY 261 " .
C..... INITIAL_APPROXIMATIONS 37 GAMERA PARAHETERS 863 262
310 N=0 o T gece < 267
i . DO 51 J=1,2 8603 268
z60 CiJi1)=B(J,66} T 8860 269 - - T
e e Cta2)=0. 0600 2740
Cldy31=1, 8662 274 - Tom, T mmTT
. 51 CONTINUE B&LE 272
[ AQJUST APPROXIMATE AZIMITH PARAMEYERS FOR SWING AND 20~ 77 ° BEUG 273 vt omon
e .. 2865 _ . D(L,1)=8{2,4)=B(2,45) B60Y arh
D(1,21=281{3,4)=-B(345} BGLO g75 T oTTrem Te mm oo -
o, DC2s11=8101464)~B(1,65) 8600 76
D(2,2)=8(2,64) ~B(2,65) 8600 277 - e
N .. Dl2,R)=Dt2,11%0€2,12+0(2,2) *B(242) 8500 278
270 D(L,3)= (002,11 %0(1,1) +0(2421"0CL4200/0(244) - worterver o BgQRYg T " o279 T T T m————
D(2:3)1=4D(2,20*D{1, 1) =0(2413%00%,2007002,4) 860840 280
SCALE=SORT (DL, 3) 20U L3302, 20%0(2,3}) 86Lo 281 -
C{3,2)=0(2,3)/5CALE Bb0J 82
C{3+1)=FL/SCALE B63J 283 T
275 C{3,31=0(1,3)/SCALE B609 284
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oo __.PROGRAM __ _B6LO . .. COC 660 FTN VI.0=324 OPT=2 (u4/02/75
C ORIENTATION FACTORS_IN > ARRAY __ T B6OG
52 N=N#l B6OO
e e = o IF{H=5)54,54453 N ) _ .. _ BedD
53 L5=B(1,50) B&ba -
e BB PRINT 535,15 B&OG
PRINT 557 (IS, (0(J+ 18,058, 30,:124,2) 8600
IRE=2 _ B&OG
60 TO 790 ae0a ~
.. . _ Bh K=0 8600
285 Q2 {1 K+4)=Cl2,K+T1 2L (T4 Xt]) 860
e ClL K+5Imm 2 K+3)*CL{T4KE2) X BAHGH
ClLK+BI=C24K*+ED Besa
GULyK#LD)=-CL2yKERI P03 4KH3) B&C0
UL K+LL1}=CI2,KE2I* T3 4K 2 Beos 77
e 290 . Cli+Ke121=CH2,Ke3) ) BEIO
Cl2,K+16) =Cla1,K+bu}*C (L Ke2) i B&OD
e - - e CH24R#L1Y=CHL K5I PO (L KE2) e 8600
Cl2,K+L2)20(1L,K+2)*0C(2,K+2) 8640
CU3,K+10Y==ClL+K+tLl*0(1eXF3) . 8603
295 CLIyR+L1I=-ClL K+5) *G {1 4<H3) 8600 —
S CiTsK+L23==C{L1K+I) *C(2y4F2} ... B8&cd
ClZKEud=C L KeII*CL3,Ke2) + CL29KELIZI®C (T ,{+3) T BELT
- L CHL2yKe5)=C Ly K+BI*CE3,Ke3dr = CLZaK+L2I¥G (3,520 . BSOG
CUlZ KHB)==Cld s K+21*C{ZoKtE) BELU
300 CU3, K+t 16l K+2)*CTI K2+ CUL,Kel0)*0(1,X40) __Bseld
CL3,Kt5)= Cti,K+2)“C(3.K&3! TETOLL KELEYHCLL 4 C43) 866G T
e c(LK+5rmthK&M*cw K+3) o BEOO
. DO 55 I=7,9 Tt T B6GU
e M=K+l . . IE]
385 Cll.M1=20. Tt T m - B&OD
G(24MI=-C{3,M=3) 8600
G(3,H)=C(2,H=-3} 860y
_ C(I=6,K+13)=ClI-64K¢5) ) 8600
CUI-ByK+1u}==ClI-BeKth) N “T 8B00
318 . CUL-D,K+154=0. R, . B&LD
55 CONTIMUE e - - - B&Cy
_GO T0(56,71),1G0 . BE&GG
[ CLEAR NORMAL EQUATIONTD ARRAY To Zgro™— — """~ "™ BélE ~
- 56 DD 57 I=l.6 BE0Q
315 B0 57 J=I.7 T T Tt omr * B50d
e e - D{I.J} = O, 8604
57 CONTINUE asuu
c COMPUTE P TERMS FOR PAS3 POINTS_USED FOY_RESECTION 8600
tr(n{2,501159,59,54 e e 8606 "
_ 320 o _ 58 M=4 . B&0Q
NROW=8 T N 8664
e o GO TO 62 860
59 IF(B(3,50116L+61,5] BERY
e 60 M=t e e R _ BEIE
325 HWROH=5 = - 8600 T
e e e GO TO B2 B&lu
61 H=1 - B&OD T
i NROH=9 B6GO
£2 DO 63 NU=H,NROH Be0d
320 00 64 X=t+3 8600

285

T 286

287
248
249
296
291
=14
293
294
295
236
297

298 °

299
3C3
301
302
363

304

305
Ii6
37
Jid
3.9
310
311
Jiz
313
Jilk
315
316
317
316
319
324
24
322
323
3zhL
325
326
327
328
329
3ic
33t
332
333
334
315
336
337
338
339

20eb0454e

PAGE )
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EIVIVAY ¥00J EO

- 1 HOV TYIENE0

. ___procRAM _ EB6O00
T &
e e B35 e
65
el T
- - Y |
e _.3u5______ . b8
e e o 13
[
350
e __63
t
355
- o e
360
73,
385 _ 69
C
Th
- TiT0
76
- ¥ - S -
Tt sT e m T T 77
N C
380

e COGC 6610 FTN V3.0-324 OPT=2 04/02/75 20.40.54s  ___ PAGE 7
ClK,16) =8 (K NUFBD) =CIK, L) - e i BEOG 240
CONTINUE BeOY T 381 T T o
L K=b - o i L. . ___ Bmeca _ 342
DD 6% L=47,20 B6SY 343 T et
. bo 85 1=4,3 _ 8606 Juh
G(I,LD'C(L,K)"‘CtigIE) + CLZeKITGI29216) + SEI4KI¥C(I1E2 BBOG 348 - T T T T T
K=®#l, 8604 346
CONTINUVE BE0d 347
00 66 I=1,2 . . BaLL 348
DO BY L=i,4 - B&0Y 349 R
PII,L1=4B(I+1:NUI*CL{TLL+15) +FL *CU{I,LeL43))/C13,17) BE0Y 159
CONTIRNUE T B&0g 351 -
00 68 L=5,7 o S B&OG 352 -
BUI,L)= (nBiIF s NUTEGIL-85T  <FL *E(L=a,0+¢3) F*C{3717/C 3T T BeoL T T 353 T
CONTINUE 8600 54
PLIy81==P(Ls1) gegd 355 " 7T
CONTINUE o 8603 36
CONTRIBUTION TO NORMAL ZJQUATIONS R&G3 357 —TromT
D0 B3 I=i,6 — B&00 358
DO 83 J=1,7 T T BB 359 T T T T
DO 63 K=%+2 . 8604 360
DL+ =B IE IV +P K I +L I %P Iy J+ 1) CoTT T T e e T T B6GD 3o T T T
CONTINUVE . 8604 362
FORHARD SOLUTION ) - St - 11 1 R 363 —
00 69 I=1+6 _ _ ___, T 354
SQR = 1./SQRTLOCISI1} 896" 385 777
DG 72 J=I,7 } } L L 8664 366
BLI,J)=0tI,J)*30QR T B BSCG 387 T T T T e
CONTINUE A . o EDT) 368
IFtI=BY73eTts7h . TTT T BeSy 369
IPL=1+¢1 8600 370
B0 69 L=[PLs6 B -1-Y 1 R ¥ & St
D0 6% J=L4+7 B60Y 3re
DiLsd3=04Ly I =DLL4LI*¥DLI, 2} - 860y 373 T .
CONTIMUE i 86010 3Th
BACK SOLUTION S - 1-Y - ¥ - T
D{6,7)=D{B6,7TI/D(6,46) B8543 376
DO 75 I=1,+5 [ - 71 1 7.5 SR
NHI=5-1 B6&GY 378
NMTIPL=NML #1 T T T v B6OG 379 T
DO 75 J=NHIPL.6 Bada 380
DENMI 7 3=0(NMIs7)=D (ST 3¥IINAL I} . - . B : -3 T o381 T T S e T
CONTINUE B5603 382
DENMI o7 3=D (NMIL7) 70 (NME NN B6GE T 383 T
CONTINUE 8604 384
00 77 Ish.46 - . T T B&0L 345 e Bt s
DCLs70=0(T47)*C{341} BED 366
CONTINUE Beud 337 - s
_ ADD LEAST SQUARES RESULTS TQ_CAMERA PARAHITERS IN | C ARRAY 8504 358
0O 78 J=44+3 B&GD T 3y T T et e
CLJ;1)=ClJ, 1) +DtJ+3,7} BO GG 399
ClJL43=0{J, 7 B60J 391 : -
ClJp5I=SART UL =C{ds b *C{20012) 8603 392
GlJyb3=C{d121*C (045140003 *C{Jyu) B&0u 393 - -
ClJaTI=ClJ3)*CEd,51=C{Us 2 *C(Ja L) B6CY 344
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bg

0y 9004 J0
Ty NIDIEO

,,_

o1 govd

e et m sama PRULKAM . UBUU . — . M QUL F I VWAV UL T M ITh NI M w mvsTveoTe a e -
Cldy2)=01J,6} _B&NY 395
ClJs312C(d,T) 86G3 396
. .78 CONTINUE o B60u 397
c TEST MAGNITUDE OF GORREZTIONS FOR ORIENTATIGN PARAMETERS '~  B&ly 398 T TTTTTC
..390 80 79 I=1,3 . L .. _. Beey __ 399 _
IF(ABSUDUL 7)) =a0G001179,79,52 B68v 400
79 CONTINUE e e BBOD D2
c STORE CAMERA PARAMETERS 45 COMPUTED FROM PHOTQ RESECTION B&GG L2
I, e 70 CAHUIPHO,L)=8(1,450) B5 GO 403
3495 B0 80 J=1,3 B6ud LO4
e e —are v e e CAMIIPHQ, J+BI LI, 30 | . . B&O0 Lg5 o
CAMIIPHO, J+5)=ClJs2) B600 406
L CAM{TPHO,J 21 =C a1} B&OR L7
BO CONTIMUE B&OG ups
e bwpO_ IF(Bt1,51))116,16,481 ) . BeOQ 4{9
g1 NROWSIPHO ) ) - 8608 L10 e e
. N HE=HE+1 B } . BGO0 L1
IGO0 = 2 - Tt T N Toasgl Lz oTRTm
LOS=2%.05+3 8660 413
405 IFtIRE~2) 46,82,82 8683 L1s”
_ __Baz stop e e 8600 h15
c BLOGK SIZE B6OO ~ 7 T 416 T T =
- 95 IF(LINE-197B) 8448485 _ _ . _ . R a60u 417
A5 PRINT S4b 4LINE T T =T B6OD 418 77
410 USTOP_ L. L. B600 4139
84 PRINT 543,IPHO,LINE - aede — T w20 7T
e B } i . A Be0I 421
¢ BLOGK ADJUSTMENT PHASE . [ - ¥ ] hee -
L_ . e B o B&EOY 423
415 27t DO 86 I=1,258 ) R 17 11 R 1¥-2 ¥
DO 86 J=I,259 8600 425
A{Ied)=00 B600 T T w26
86 CONTINUE ; BE00 Lz27
c RESET PLATE WITH NEW OBJE3TS AND FORM C.ARRAY ROWS L=%5 FOR ALL ~ 868¢ 43z T T T
— La2e C_. . PLATES ON WHICH THE NEW O3JECTS AFPEAR __ . B500 433
. 301 INSECT={ N - T 434 -
234 KDISK=1__ B&GD 435
TME=1 BBOO 436
. R 105 NA=CAM{ME,12) } i 8500 L37
L2s IFINALEQ.O) GO YO 297 T ) ) B60J 438 ) -
e o CALL READMSE11,HB,NA,KDISK} B600S 7
KOESK=XDISK+(NA+LAT)I/LOB 0T BEOD g - TT T T T
297 IF{ME=L187,87+96 _ B&GY Ll
87 IF(IPHO-43)88,884+89 B&GY 442
_L3g __ B8 LAST=IPHO . B&0Y 443
GO TO 94 T ) T T Tmen o B60J 7T wbb T
- e . B9 LAST=&3 B&0G 445
GO TO 94 - - 8600 "7 44p T oTNTm T s w mem e
96 NMISLAST=HE+42 8600 Wi 7
435 IF{NHI-IPHOY104,1004123 T~ BBOD 443 e
. . 9L NMI=1 8660 449
104 20 ?1 L=NHI,LAST Ba0L 450 ™ . T
o L. K=z0*iL-1) - 36G*{{L-1}/43} 8601 45
00 97 J=L,3 ' 8616 452 -
(AN CUlJeKFLY=CAMIL,J+2) B6LD 453
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. ri e.....PROGRAM  BBDO
S - 4
e . BWB_ L
e -]
5] a T T T
71
SNt S
123
- A 1
rems
2 .
» %60 136
&
hon E‘a . 111
465 115,
N 107
; 109
Wy B
125,
475 .
T4é
450 144
) 128
C
112
U Y - EE
Tttt 116
490
L95 117

_HORT=HORT +1

DO 117 L=1772077

COGC 6630 FTN V3.0-324

CLJ K42 )3CAHIL  J+5)

OPT=2

G(J K3 I=CANLL,J+8)
CONTINUE

IF{INSECT .EQ.0) GO TO 92
CHLK+LI=CL2,KE3) ¥CI3, K43}
CUL,K+5)==C(24K+3)*CLIKe2}
CULKPEV=CL2yK¥2Y .
CAZ K hd=Cil K3 2B U3, Ke2) ¥ TTL K21 F 002, ReETFETITHF D
C(24K+515C 11, K3 *E I3, Kot = C{L,K+2)*CL24 KH2) L LI 1KE 2D
CA2sX+61==C 1 ,K+212CL2,K+3)

CIT,KeLI=ClL, K2 *0 (T, Ke2h = C{2,K4204C(3, KE 31 RCLL,K42)
CU3,K+61=ClL, Kr2) 013, Ke3) & CLZ,K+2)8CTT4 K+ 2) *C (1,K# 3]
CUI KHEI=ClL KETI*CH2 K]

CONTIHUE
NEW DBJECTS BEING PROCESSI) ON PLATE
CONYINUE

N=1 _
IF{INSEGCT \EQ. 04 AND.NALEQL)} GO TO 163
IF{INSECT.EQ. 1) GO _TO 360

JEB(L,N)*, (0000
FKX=J

00 141 L=1,IPHO
IF(FK=CANI(L 1301112115118
GONTINVE

K=20*{L=4) = 860%(IL=1)/7%}%)

IFCLARRY) 1097109,107
FLECAMEL, 2}
FK=J¥2000C00
FK=d 1y NI =FK

IF(H-1) 125,125,126
SQR=FK

D0 148 E=1,3
EtL,58)=0.
DO 146 J=I,3
E{LyJ0=0,
GONTINUE
HWORT=0

DO 1t4 Nu=i,LiNE
IF(SQR-G(6*NU-5)) 1L14s 1265110
CONTINUE
IF(FK-SOR}113,112,113
COHPUTE C ARRBAY COLS 15 THROUGH 20 FOR THAGE

D€4MORTI=NCON=L™~—
DO 115 I=1.3
M=B*NU-5+I

ClI K+LB)=G(H)~CIT K1)
CONTINUE .
J=Keh

H=K+L

DO 117 I=1+3
CUIyMI=ClLleJI*C{L K¢1B]
FENLS

CONTENUE

# Z(24J)%C(24K+16)

+ Gi3, 1203 Ke15)

Quro2/75 2040454,

8540
BEGJ
8660
8602
8600
B6CY
860D

seco "

B60a
B60J
BAGY
5600
B500
8600
86060
85055
8504
8600
85603
8500
8660
8600
B&0d
BS6J
B6GY

8609

86G¢
B&6OY
B600
Bs09
3660
Be&
B&OO
BE&Q0J
B609
B6QG
B&L 3
B&0D
=LA ]
B&04
o60e
gegd
B6Uv
060G
B60Y
Beld
B6UY
BbL{
B6dy
B6d0d
B64Q0
B&LD
Boog
B&OG
B693

T 4BT

PAGE 9

654
455
L56
57
458
459
L60
sl
haz
463
464
65
465

o e

468

8
4L73
L74
475
476
477
L7 8
479
449 B -
481
Lz T
483
484 - e e e
485
Wi B
487
L8
489
%11
4o
L92
93
LGy
L9s5
496" "7
K97
L9§ "~
439
7o
561
stz 7
g3
Sd4 =
505
Bl T
537
538 o
09
510 . —
511

[P T
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PROGRAM

C

B60OO

e e 900 L

119

118

T D0 120 I=3,4

GOC 6610 FIN V3.0-324 OPT=2 (Q#/G2/75

_COHPUTE P COEFFICIENTS Jf OBSERVATION EJUATIONS FOR_IMAGE _
DO 118 TI=L1.2
D0 119 L=i,4
T M= K+l
PI,L)=(BCI+L NIRC{T #4150 ¢FLAG(L+M+16)1/2{3,K+17)
CONTINUE

=K+l .
DO 118 L=5,7
P{IyL}=(~ ~a {1y NI *CAL =Ly B I =FL*CIL=tyHtIt PP GAMCLSI/CI3KELT)
CONTINVE
AQIAHGE AUGHENTED COEFFISIENT MATRIX

00 121 L=1,3

121

12¢

C

120

“T2y

13%.

525

137

T 130

530

¥

515

A3

132
133
134
136_

138

" 139

140
141

G

142

143

144

_ 00 Luh J=1,10

PUIyL)==P(I1=24L+0L)
CONTINUE
00 122 L=4,9
PLI,L1=P(L=2,L=2) _
GONTIRUE
Pily101==P{1~2,1}
CONTINUE
WEIGHTING CONTROL STATIJN OBSERV. EQUATIUVS FOR TQRGET QUALITY
H=5*NU=-1
IF(GIHY)I13841294130
IF{GIMell ) 1354136,135
[FC{JERRYY 131,132,137
HEIGHT=GI(H+Y)
GO TO 133
IF{JERRY) 431,434,132
HETGHT=WTCON
GO TO 133
WELGHT=G(H)
DO 136 I=3.4
DO 134 J=41,10
PLI+JI=P(I,J)*HELGHT
CONTINUE
WEIGHTING EQUATIONS FOR LOCATION OF IMASE ON PLATE (RESOLUTIIN)
RADEUS=SORTI(B(ZyNI**2 + J(3F.N1**2) _ o
IF(RADIUS~.073 143,143 4138 T T
IFIRADBIUS-.1231394139,45840 _
HEIGHT=HWT 712
GO TO it
HEIGHT=HT12P
00 162 I=3,&4
DO L4z J= 1910
PLI+JI=PITJIMHEIGHT
CONTINUE
COMPUTE NORMAL EQUATIONS FOR IMAGE AND STIRE IN E AND A ARRAYS
PO 144 I=5;13

- m————

PCIpJHU-

CONTINUE

00 145 I=1,9

DO LL5 IPL=344

Do Lus5 M=I,10
PLIFGaMISP{I+4, M +PLIPLI) *PLIPL M)

Beel
8608
8602
Balg
8662
B&0G
86082
3600
B8eld
Bed2
B6LO

B6oa "

B6Cd

© B&I0

B6aad
Bead
BaGJd
86G0
8609
BElu
¢eud
BEOG
=]
B&0G
B600
B60RQ
[s{:300]
8olu
B503
Beod
B&0Y

' 8600

8600
B&U4Q
869G
8600
aeod
BSOG
BEOO
8609
B60D
8000
8600

T aelo

aely
B&GJ
B&0L
B&LY
B8&0G
BBOL
BHOG
B&0U
8660
BBGY
B&0D

512
513
514
515
516
517
516

" 519

20
s21
522

523 T

524
525
526
527
S5a8
SZ9
539
531

7
533
534
535
936
537
538
539
54¢C
Sul
542
563
Bul
545
Sub
5u7?
ELg
5.9
550
£51
552
553
554
555
556
557
558
559
Sol

111

562
563
554
565
566

20 el0 454, e RFGF 10

mmma IS A T e Tr it 7 Syt on i Aemrmr——
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PROGRAM ____ B6S

145

147

e 95 e . e

Tub

201
202

203

570
209
204

575

COC &8¢ FTN ¥3.0-320 O0PT=Z

n__

CONTINUE. .
D0 147 I=143

00 L&7 J=I,3
E{LsJISECL V4P L4000
CONYINUE
E{1,58)=E{1,58)+P{5,10}
E{2,58) =E(2,58)+P(6.iﬂi

E3,58)=E(3,581+P (7,13}
DO 148 I=1,3
NEIL=6HORT~3

DO 148 J=4y9
NEIL=HEIL+1
E(L,MEILY =P T +k,yJ)
CONTINUE
IF{IPHO-43)20C,200,201
IFtHE+%2-1PHO) 202,203,203
1=6*NCON=6-6+ (ME-1)

G0 TO 208
I=H*NGON-6-5*{IPHO~43)

GO TO 204
I=6*MHCON=~6

DO 149 K=86,13
H=K-&

J=1

I=I¢1

A{T,LLL)=A(L,LLLY +P(K,10)}

DO 149 L=M,9

J=Jarl .
ATy JI=ALT 1 Ji+P LKLY

GONTENUE

N=Nel

155

52
157
159

156

[ ¥}

600

“128
605

156 HEIL=6~HORT+3

IF{N-RA/3) 140, 2107451
KC=1
APPLY POSITION WEEGHTS 27 CONTR0L STATIINS
IF(G(B*NU~1)) 152,152,163 _
IF{JERRY) 1604 156,155
E(L141)=E(Lo1)%G{B NU-1)
E(2,2)=E(2,21%G{6"NU-1)
GO TO 152
ECLy11=E(L,41 *HTCON
E{Z,215E(2,2) *HTCON
IF(GLB*NU) )156+155,157
IFUJERRYI 159,159,158
E(3,3)=E(3,31*CIB*HU)
GO TO 156
E{%,3)7E(343)%HTCON
FORAARD SOLUTIOM OF NOR4AL EGUATIONS FOR MEW OBJECT
FORHARD SOLUTLON OF OBJZZT ROWS IN £ ARRAY

W e EWRET M T e e = g em e - earemamme el LA lm s s e A

DO 127 I=1.+3
SAR=1./5QRAT(E(I,1}}
0o 128 J=I.HEIL
E(L,JI=EC(I,JI*SQR
CONTINUE
E{I,581=E(I,56)"50R

8600

8600

8644
85600
B60Q
8600
8584040
8600
8600
8600
gena
BBED
BB60
86480
96d¢
BBOG
8600
BGGD
Be0g

“BooC

8500

* B0

8603
geqe
B60U
8600
8503
8609
5604
B50&
8605
8608
8640
B62J
860y
8603
8625
364C
B6 04
B60Y
B&GD
8503
B6GG
B60G
B&0&
26040
8620
86¢9
8690
8600
8604
8660
8604
8609
B0 3

GLr02/75 20460450,

£67
568
569
5749
671
572
573
574
275
576
577
578
579
560
581
582
583
58+
58%
586
587

58 "

589
590
591
5%¢
593
594
555
296
597
536
599
6§l
&91
6C2
693
894
&i%
66
b7
113
609
610
611
giz
613
614
615
6i6
61?7
39
619
€20
621

. PAGE 11
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PROGRAN 8600 COC 6630 FTN V3.0-324 QOPT=2 (&4/02/75 20.60.504 PAGE 12
" IFLE-3V460,461,460 L, o _BBOG 622
160 IP1=I+1 8600 T o623
e e e e 00 127 M=IP1,3 ) 8603 624
D0 262 J=MyNEIL 8604 625 - Tt T
.- 610 . ... .. ELH ) SECH, ) =E(L,HI*ELI,3) i . B60G 626
162 CONTINUVE 8600 627 - oo e
. E(H,58) =E{M,58) =E (I, MI*ELL,58)_ _ __ . e e L. DAODY eza
127 CONTINUE 8660 £29 -
e . C EFFECT OF OBJECT ROWS 0Y PERTINENT CAMERA ROWS 8690 6350 .
615 161 DO 183 J=1,HORT 8600 631
e et e IPL =0(14J) . B60Q 632
IF{IPHO-43}205,205+206 86410 633 T T
206 IFUME+4w2-IPHO}207,206,208 B60u B34
207 LAST=6*IPL -6*(HE-1} 8660 635 77
e _®20 . . . GD TO 209 0603 636
208 LAST=B*IPL -6*(IFPHO~4I) B&0D 637 e
. . GO TO 209 ) . . B500 638
265 LAST=6*IPL T 860G 639 T
209 M=LAST-5 _ . B60J 64
625 DO 163 NROW=1,43 ST oge00 T T bud
o NEIL=6%J=3 . . T LT B4z
00 163 Is=H,LAST T - T BHOu 7777 BL3 T T T T
__ _HMI=d . o e 8609 644
NCOH=NEIL oo e BeI3 "~ - A
630 NEEL=NETL®X . 603 6456
ALy LLL = A{TyLTCV =E(NROW, NS ILI* E{NROW 581 YT 6uT v
.. DO 164 JOYCE=I,LAST BeLa 643
NCON=NC ON+1 - B&0Q 649
. AT JOYCEISALE,JOYCE) =E(NROHyNEIL) *E{NROWy N3 ON} 8604 650
635 164 CONTINUE T B6QG 53 T T
__IF(J-MORT116%,263,163 8600 652
165 NMI=NHI+1 BeoR ~ 633
- ol IFtNMI-MORTIL67 4167 4163 X B&G Y B54
467 1S=0(4,NHTI} 8600 655 oo
640 . IF(IPHO=63)2L042L00 20 N 8604 656
211 IF(ME+42~IPHDI212,243,213 TTTTTTT T oBROE T T esT T -
212 NU=5*IS-6¥{ME-1) 8600 658
GO To 214 8600 659 ~
2143 NU=B*IS=-5%(IPHO=43) e 8600 £60
645 GO TO 214 . - g623 =~ " 8BL T -
o : 210 NU=6*IS _ i o 8600 662
216 [HAGE=NU-5 oTm T TT 8666 €63
D0 1868 JOYGE=IHAGEsNU Boig 864
NCON=NCON+1 ToBERY T T B T T T
650 . AT, JOYCEI=A(L1,JOYCE) ~E (NN, NEIL) *ECNROM, N3 ON) B600 666
168 CONTINUE TTTTTTT T OTT OTEUTCUB&40 T 86T
_______ _ GO TO 165 . 8500 668
163 GONTINUE " 86049 peg Tt e
. LIF{KCI125+,125+169 _ _ . peog 670
655 [ FORHARD SOLUTION OF GCAMITA ROWS FOR THE RESET PLATE ™™™ =" 8690 7T 671
o e 169 K=0 B6GO 672
TFLIPHO-G3) LT 0,470,172 - ' Be0d g7 M MmN T e e
170 N=6%ME Bs00 674
GO TO 174 8664 675 T —
_BED L 171 EFUMERL2-IPHOIAT240734173 _ B6GA 676
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PROGRAM . BBLC . CDC BBICG FTMN ¥v3.0-324 OPT=2 04/92/75 20.50454. __PAGE 13

hlg

=) e AT2_N=5H __ _ e e e L. 8603 677 . .
=y 8 K=1 8600 678 e
A=t e e e e e GO T0O 176 e o 8604 679
g 2] 173 H=5%ME-6* (IPHO=43) . 8600 680 T o e
S E . _ 665 . ___ .. 176 M=N-5 ) ) ) 86¢0 661
X ' HOOM=M~1+6%L0S 8601 682 Y T T e e
é - —_ IF(NZON.GT.258) NCON=258 8603 683
o 0BG 4175 I=M,N B 117 T Y-V S
qb’@ e . L SQR=1,/SQRT{ALI,I N _ 8601 685
% 671 DO 176 J=1,NCON . B&JD 686G e
E?. o AfI+J)=ALI,J) ¥SOR L _ ] L BRGY 887
J 176 CONTINUE BOD 7 688 T T T
E - . ARINLLLI=ART LSO L B6OUD 589 )
@ ALI,L}=580R 1Y [ R LT R
U -+ £ IF(I~N) 177,180,180 . 8500 691
L77 IPL=1%1 BEGU 632 ) T e e
e e . 00 175 L=LPi,N } L o 8613 693
00 1%3 J=L,NCOM BEDY 69L -
AL I =ALy JY A (T LI RALT ) o Be00 895
680 193 CONTIMUE TTooBedd "7 69T T T
_— ALLoLELISACL, LLLY ~A(T+LI*4CTyLLLE e Belc 637
175 CONTINVE . =TT pead T 698 Tt T o
e e 1BO0 IF(KI17B4178,181 8600 539
184 DO 320 I=H,N ) T ; T Bsac T 706 A
685 __ DO 146 J=I,NCON BEGG 761
Atd.13=a01,00 B T-¥ 1 S £ - E
. — __ 186 CONTINUE L. oo L BE GO 703
ACLLLI =A(TyLLL) o - B0 T 704 T
320 CONTINUE . e ) 8600 7G5
690 CALL WRITHMS(L2A4L554,ME} Tttt geoss ~ T 9 T -
C__._ _EFFECT OF RESET PLATE _OM_ROHS_OF FOLLOHING ZAMERAS 8604 707
178 IF(HE-IPHO) 182,179,179 BEIS "7 78
e 182 NEIL=N+1 . BZ 0L 769
DO 183 I=H,N T B 09 760 7 TTT T e
695 _ . IFtI-n}d4BL,485,%8% _ gean 7Ll
185 IF {K) 180,184,305 : R T 86038 ToanT - .
305 00 196 L=NEIL,NCON__ _ 86090 7L7
DO 437 J=L,NGON — TTTTTTT T ge0) C 0 T T8 YT T
ALL-B43=B) ALy ) —ALL s TI* A0, 1) 6600 719
760 197 CONTINUE . e - 117 2 -0
e ACL=B4LLLISA(L,LLLY ~A(L,D) *A(LLL 41D i BeG 721
196 CONTINUE 8694 722 T T —~
JOYCE=NCON-5 8600 723 .
00 298 L=1,NCON T 889y T TTT7ER T
705 . DO 298 J=JOYCE,NCON 8600 725
ALL,J)=0. o T A - 1Y I 41
e et 298 CONTINUE 8694 727
00 299 L=JOYCE,NCON - B6GN 728 T T -
o BfLsLLLI=d. _ 8630 729
710 293 CONTINUE TTTTEBROD TTOT 73Q T T Tememes e
e GO TO 183 ) BBOO 731
: 184 D0 194% L=NEIL NCON - 6603 73z e R —
e .. B0 195 JeLsNCON B6AYG 733
ALY =ALL,J) -ALL,LI*ACI, )} B6OO 734 e -

715 195 CONTINUE BEDG 735

- * =m . - S M | S
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ALXIFAD H00g 10
ST BV fviunnag

519

e evew  -. PROGRAM __ . BBQO R ) _ . GDC BBID FTN V3.0-324 OPT=2 B4/02/75 20 40454, PAGE  t&
—_— e L ATLyLLLI=AtL,LLLY-ACT,LI*B LT, LLLY . S : -1 1 3.
164 CONTINUE B&EOO 737
e e o e e 183 CONTINUE ) . BBOY 7I8
ME=ME +3 . B500 739 - e
______ -3 D KC=0 . .. o . . B&UC 740 . )
GO TD 165 B&09 Thi - IR
€. ... BACK SOLUTION OF_CAMERA R0WS AND_ADD RESU.TS TO CAM ARRAY _ _ B6GD _Te2
179 SGALE=CAM(1.5) B0 Thd ToTmmT s
IF(IPHO-43)14198,199,4199 B60G 7Hy
72% 198 K=JOYCE=H¥IPHO BBOG 4o -
. e e e LAST=IPHO B6HTD T46
GO TO 215 B6GQ 747 - N
— 199 K=JOYCE=258 _ N . BG6CO 748
LAST=43 B R : 1-1) I T 749 7T
I 41 . 215 SAVE=Ll./A{JOYGE,JOYCE) . BGGO 750
PRINT B856,ITERAT, ALJOYCE,.LLY,SAVE B6LY 751 oo
et e eem——— HE=1 . — ... B60] 782
2265 00 216 HU=ME.LAST B60Y 7583 T T
o _ MROW=IPHO*L~NU ___ __ BGeO 754
735 IF{IUGTLLOS) JOYCE=JOYGE=S 8600 s T -
IF{JOYCE~B*LOS) 488,189,183 . 2600 756
188 JOYCE=BYLOS e " RSO0 257 “om e e
e e et e e, 389 DO 215 I=1,6 : i e . . 8602 758
IF{NULEQ.1,AND.I.EQ.1160 TJ 247 8600 759 e
740 M=K _ . 8609 760
K=K=1 ToBBOD T T LT
e 00 22L J=MyJOYCE _ 8604 762
ACKeLLLI=A (K ELLY ~A () LLLE R ALKy J) . Beid 763 T
2241 CONTINUE ¢ L _ e 8600 76y
7TLE 217 ACKyLLLI=ALK,LLLY *A (KK} T B89 765 T T
__IF{I-3)218,218,219 86480 766
218 J=6~I B&GH 7 Ty Tt
e _ CAMINROMW, J)=CAM(NROH, J} #8¢ <, LLL) *SCALE _ B&600 768
GO TO 216 - BEOY 769 e
— e .50 219 J=12-I L B6 00 7o
FK=SQRT {14 -ATKsLLLI*A (K, ,L L)) Bode L T mem e e
___SAVESCAMINRON,JI¥FK + CAM{NROH,JeIF*A{KyLLL) B6GU 72
CAMINIOH J+I)=CAKINROW,, JE3} *FK = CAMANROW, N *A{KVLLCY 77— 7777 BB} ™" " 773"~
o : _ . CAMINROW,J)=SAVE B64G 774
755 IFINULEQ.L AND.IEQ.L3IG0 I3 222 T B6GO 775 v
U, ITFIABSCAIK,LLLY ) ~ABS{GI1230113) 21642064222 o B600 776
222 NMI=NROW - - B6Q1D . 777 e
. G(120DL1)=A(K,LLL) B&GO 77y
216 CONTINUE “TB609 779
I £-1 - i ME=LAST=LAST+3 ) B&{C 7819
IFIME~IPHD) 220,220,227 e R - T:Y o 78y T e —
e e e ... 220 NROW=IPHO+i=HKE B6OO 782
CALL READOMSC12,A,1554 4NRIA} T v B&60QS 1L T T
00 223 J=7,258__ o BeGC 784
765 I=265-J pege """ " yaETTT ™ -
B i R : ACT4LLLI=ACT~64LLLY B64Q 786
223 CONTENUE B69Q 787 T T
e 3067 (10 228, I53,6 8641 792
D0 224 J=I,259 - BEQy 793 - I
770 XS TNTEL.YNS ¥ B6CO 794
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—._ . _ PROGRAHM B60D COC 6630 FTN U3.0-326G OPT=2 Q4r7062/75 20.48.54. 15
226 CONTINUE S S PN LL. L J 795
K=7 8600 796 7 7 -
e e e raaronee ., GO TO 225 _ A B6QD 797
227 IS=CAM{NHI.1} B500 798 - R
AV & 4 - PRINT 533, ITERAT,G(12001),15 ) . BEQG 799
IF(ASS(GL2000)1~.0000102390+230,228 8503 800 o
228 ITERAT=ETERAT+L . o ~ 866y _ _ Bii e _—
IF({ITERAT=HAX) 229,229,230 8504 862 —
S 229 IRE=1 . o L. B6GH 843
780 60 TO 231 ’ - EELN Bt S TR
e e e e . 230 IRE=2 " L B6LG 815
c 8660 ~ Bid - R
— C__ __ BLOCX ORIENTATION_ SOLUTION GOMPLETED 8660 8oy
c " ; R : -Y-3 TR : V-1 S
. _ 785 . PRINT 5L1 8663 acy
D0 232 1=1,IPHO . 8601 819 T mmmm e
. 3 . IS=CAMII, L} BEGD 811
PRINT 664,15, LCAHLL »J),323,5) ABAO 6 st s e
232 CONTINUE 8666 843
791 PRINT 539 B&0S "By T
e e __._ DO 233 I=LylPHO | . g6uo 815
IS=CAM{I, L} T ettt T 2850¢ 616 - -
L _ R PRINY 557 ,15,{CAMLI JYd23,8) . . 600 817
PRENT S57,ISs(CAHII+dY 053,41 oo T B&GS 8L - o
795 233_CONTINUE 360G 819
PRINT ELT =T saot 8g0 ~ T T
e e . .. PRINT 534 _ X 8600 821
PRINT 548 8600 g22 -~ - T T
- — I T ) X B60O 823
860 ¥ INTEISEGTION OF OBJECTS USZD IN BLOCK ORIEINTATION SQLUTICON T B6eOu g2y T T T -
‘Co_... R . 86C3 825
231 INSECT=1 - N :1-1: 1 S - - .
_ _oL 00 329 I=220,225 i gena 827
0o 329 J=L,200 g609 CEE:) e
805 . AI,N=0. . o 8607 829
329 CONTINUE - - o R = 11 D] g9 T T
KC=l N 8600 831
ITEST=0 - B 15 - . &
i ) GO TO 234 . oo B3 833
810 360 IF{NA.EQ.O0} GO TO 268 = - oo T T B6es 83, - T
— —— __.C SET UP IMAGES OF OSJECT TD BE COMPUTED BY INTERSECTION G60u 835
355 IMAGE=1 B6Oi 835 T -
264 A(L,IMAGE}=B({1,N) _ B6DG 637
A(2,THAGE}=B(24+N} ) - R - T-Y T B : T-1: S T
815 L At3+IHAGE=B(3 4N} B60G 839
270 J=AL1,IMAGEI* 060004 - meme - - B&6D B — __
o . _ FK=J 8690 B4l
DO 235 L=1,IPHO B&0O 8.2 -t T Toooes
i C IF{FK-CAMI(L,1)1235,236,235 S B50J 3
820 238 CONTINUE - - T BBGY YBuy T TTTTTTT T e
. 230 AUL,IMAGENEL 8600 B45
A{S,IMAGEI=20"(L=1) ~ BBIFC({L-1)/43} . 8603 ahs ) - R
_ _IF(LARRY1358,358,357 B560J 847
357 A(6,LHMAGEI=CAMIL,2) - B6OLQ au8 - - - e e
825 G0 TO 359 ) 8600 aua
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Lig

PROGRAM

BBOG
358

359

238

246
237

287
288
241

ol

242

YA

850

124

85%

289

e e e § i e

T e39

__323

363

865

240

AL61IMAGE) =FL_
Fi=J*10000CG0

AT INAGEI=A(L,IHAGE] ~FK
IF(IOTHER .EQ. L} GO TO 2313

IFCALT 1) ~A(7,IMAGEY}23742308,237

N=N+1

IMAGE=I MAGE+1 . -
IF{H-NA/S3) 361,361,200
KG=1 :

IMAGE=I MAGE-1

I1S=a{7T, 1}
Plat,1)=PiL1:3)=0.

DO 287 NU=1,LINE

IF(ALT, 1) ~GB*NU~5)72874238 ,267

CONTINUE
GO TO (2uls2%2)+IRE

CDGC 6630 FTH V3.0-324 OPT=2

IF(GIB*NU=1) o NE LoD ANDWG(S¥HY) «NE.9.0) GI TO 267

P COEFFICIENTS, CONSTANT FERMS, CONTRIBUTIONS TO NORMAL EQUATIINS

00 126 T=1,3

00 12L J=I1.4
E{Tl.+J1=0.
CONTINUE

00 362 ¥=1,IMAGE
K=A{5 M}
IF{IOTHER.EQ.11_GOQ 10 _323

-t wwr e

[P

DO 269 I=Ls3

J=E*NU~5+]

CCL K161 =0{Jr=CULTKeL)
GONTINUE

JEK+h

DO 239 I=i,3 N
NERISS

GONTLNUE
IF{IOTHER.EQ.U1GO TO 363
IF(ACLO M) LEQ.0.0)G0 TO 352
00 240 J4=1.2

T CAILRHLTIECULS JTAET L KFLES +ETZ, I FC (2, Ke D8 TR C(ITITHFC(ZaKe15) 7

PULed)= (A (2,41 %0 (F, KeaT+aE 5 HI*ClU Keud 1 A0 (3TReLPY T 77
P2 is (AL, M) *C LI, KEBI #AL5 JMIACLI,K+5H) 22U, K+ 7)

CONTINUE
L=AlL M)

PULyli=PELy L) *CARIL T} +P (L 20 *CAMIL y4) 4P (1430 ¥CAN (L 452
PUZ u=P2y2) *GAKIL 3] #P(Z 120 *CAHIL,4) 6P42 312 CANLL,S?

2hL9

DO 245 I=l,3

00 245 J=I,4

DO 245 L=1,2

EALy I=ECL I +P{Ls I *P{Ls 3}
CONTINUE

CONTINUE

SOLUTION OF NORMAL EQUATIINS FOR XYZ

D0 248 I=1.,3

SOR = L./SQRT{E{I+I})
D0 249 J=Il.4
E(I,J1=E{L,J}*S0OR
COMYENUC

04702775 20440456,

. W oz e Camerm

B&00 850
BSOS 651
B&0u 852
8609 852
B&0 Y 854
8604 855
B600 L
B60Y 857
BE0A 858
B&GO 859
85604 86l
B6OS 851
B600 862
36yl 863 s
BedU 854
8604 865
B6GD 866
8600 867
8602 868
6Ll T 869 T T
9000 870
8600 871
8690 872
B&20 eyy T 7T
B60S 874
B0 ~ T 87s
BE0D B76
8BGO0 ary """ T
8600 87
8600 879
BB0 8849
6503 881 T
g&00 842
8660 833 -
86008 12
CEY 13 "~ TTTET
86005 14

T oBSBO 7T T 886
8600 887
3600 683 -
BoLG 88¢%
R690 890 -
8eu0 891
8600 T e92 T
3600 493
B6GG TTTT 894 T
B&0G 895
B6du 398 -
8600 447

T 860G T T age

BeG0 599
B60D gt TTTTT— T T
866G 9cL
B600 gg2 T T
860u 903
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A

... PROGRAM _  BeEL | . , . L. COC 6670 FTN V3,0-324 OPT=2 OQO&L/02/T75 20.40G45h, PAGE‘__“__MJ.T

. ELI,I)=50R N . i . BBOBG 9G4
I1F4I-21250,251,251 T BE&G T 965 . il
e e __.25C IPizIet L o . B&02 96 6 _
@,O 00 2486 M=IP1,+3 . It 917 - e
,,g,‘a . e B85 _____ . ___ DO 24B J=Hsb L . 8601 908 ) e
Gl E(My D =ECM, JI-EC(I+HI*ELL, I} Be0s a9
vo % - 248 COWTINUE _ . _ .  BBOG 916
< 251 E{3,43=E(3,41%E13,3) B6G 914 -
%% e . Do 252 I=1,2 o . ] BEGY 912
. 890 NMI=3-T B0 913 - T T
I») N . e NHIP1=NMI #1 . . 2603 Si4 R
(o7 DO 253 J=NWIP143 s&04 915 i ——
k L E(HNMI,L¥=ECNMI, ) =E{J, L) 2 {NHE, J) _ . uedp giB .
%%; 253 GONTINUE ToBEDY 917 ” z
. _ 815 EC(NHI yb}=E{NHI 61 *E{NMI 4NUT) B&CL 913
ﬁﬁ% - 252 CONFINUE 8500 519 o T
e e o IFtIOTHER .EQ.L.AND, IGO.EQ. 1} GO TO 274 o . 8o 420
IF(IOTHER.EQ. 4. AND.IGO.EQ. 2} GO TO 276 B6OG 821 o T
. C TEST TO TERMINATE 0BJECT [NMTERSECTION SQLJTION — .. BsOG S22
9e0 SAVE=ABS(E(L W) =G (B¥NU=4) ) *{=A(B, IMAGEI/C(IK+1T)H) BoOY gg3 T
e IF(SAVE-. 0000013257 ,257,258 BEGE 2L
257 SAVESABS{E(2,L1=G(B*NU-3}1* (~A{6,IMAGEN/C(T, Ke27) ™ — 7 7 7 77 B&OG 9s T T T
. L. . IF(SAVE-,OND0G1) 259,259,258 8603 326
258 REIL=2 : T oBs0g g27 T T
aGs . .GO TO 273 _ R 928
259 MEIL=4 TTTTRe0u T Q&9 T T
L2723 GO TO (243,260) 4IRE 8600 450
G OLOGK ORIENTATION SOLUTIOY NOV COMPLETED - UPDATE ONLY NONCONTROL BS0C ~ g3y "~ 7T 7T
I e .G XYZ FOR ITERATION OF THE 3.0CGK ORIENTATION 3OLUTION B&G¢ g3z
910 263 IF(GLAENU=L3) 260,244,260 8600 933 o -
244 GLBEFNU-4) =E(146) 8690 AT b
GB¥NU=~3) =E (244} T oBeaw T T 935 "
e L 26D IF{Gla¥NUII262,261,R262 3 BEGG 936
261 G(G¥NU-21=2EL3,4) BSLR 937 B —
915 262 GO TO (287,242) +NEIL R BEGL 9348
K [ BLGGK ORIENTATION SOLUTION COMPLETED [ - 1Y 1 R 5 - H—
264 IF(ALT,L) +E0,G(B*LINE~5)) TTEST=1 8600 9490
IF(KG1280,260,285 T T T TTTTTTT T gegf Tt g4y T T
2BG IF{G(B*NU=1}.NEL0.0.AND,3(5%NU) JHELDL0) G2 TO 282 6504 G42
920 IFC(G(B*HU-1) JHE.0.0} GO T 281 T R - -1 T - 7% S -
I e IF{GCE*NUY ,EQ.0.03 GO TO 328 X oL 8509 DU
GU12003)=GlE%NU=-2) o T B&Gl gyg T T ITTT
PRINT 560,15,G(12003) BR600 G46
GG TO 284 B50Y T 947
925 308 PRINT 582 B601 948
GO TO 2ab oo . e < 1-Y | - LY
o . L. 281 GULREOL)=L(B*NU=H) BSGY 95§
GU12002)=G(B*NU=3} : as683d gs4 - R
. ... PRINT 554,I5,6(12004),6142002} 8603 9e2
930 GO TC 284 T T B638 77 953 7 -
I L. 282 PRINT 554 4IS,G(6TNUSL) 4GI3*NU=3) 4GCHYNU=2) BBOD 954
CALL OGBUF(L} BEDY 955 T Tt
L ENCODE(B0,5614BUF (IBUFI IS GUEFNU=R) pG{E%NU- 3} ,GLENU=2) , ITESY B60G 956
284 Ka=1i T BGad L7 SN

935 .. _285 GO TO [345,265),NEIL BE0J 958
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blg

. . PROGRAM B6L0

.. . COC 6670 FTN V3.0-324 OQPT=2 [w/D2/75 204045k _ PAGE 18
e 76B GUBTNU=WLISELGBY o eemn 4 e e 4 ... BBOR 959 }
GLEMNU-3I=E(244) B&OJ 880 ’ T
R e GLO*NU~23=E{3,4) 5600 961
GO TO 242 BBGC 262 - T T
. -, 940 .. 266 00 286 J=1:IMAGE 8603 963
K=A(5,d) BEIG 9614 semme mrm omm
. R P(13'1I—iﬂ(Zle*A(o;Jl"C(lvK+17H’L(3.K‘i?’!‘1005000-__________' B60Q 965
PU13,2)=(Al3,J) #A16,J)%0(2, K427 ) /0 L3 Ke27) ) L 0G00GCE. T BBAGA T 966 T T
- [Pi=A{1,4J) 860u 967
945 IFCJ-4L2291+290,4291 Beo 964 - T T T
. e 296 PRINT 553,ISyECLell sE(2,%) s EL3ob) 2 IPL,PEL3,1),4P(1342) B&JA 969
IFIG(B*NU=11 «NE.OCAND.G(E*HUY WNE, 0.0} 50 T0 263 BEUD 970 s mm——
I i GALL oOnULF L) ] o R B0 a7 L -
[F{G{B*NY~1) JNE.G.O) GO T2 292 8600 972 Tt
. 95¢  _ . IFIGLB™NUL JNEL D0} GO TO 234 BGGG 973
ENGODE( B0 4561 OUF LLBUFY) IS,E(L .43 E(2,4)4E(It4),ITEST B6GO 974 - - T e
e el . GO TO 263 4500 a7s
294 ENCODE(BD,561,BUF{EBUFY) T8,E101,4) +E(244),06112003),LTEST B8040 Y7 b TR e ST T
— .. GO TD 283 . i i . o B&0B 977
a55 ! 292 ENCODE(80,561,BUF (LOUF)Y LS.G(L120AL)+G(L2IE2) E(3a4)ITEST B600 578 T
e GO TO 263 i ) . . BB0 979
221 PRINT 536,IPL,P{L3:+1),P{13,2) BaG0 CET -
e L _BB3 P(12,11=P{L2,1F +P(13,1) *P(1 3,4} +P{13,2)¥PL 13,2} L. . g6 G& L
P{12,3)=P (12,3} 42, g&ga -’ 852 -
960 PLL11,11 =P {11420 4P{13y 1) "2 (13,1 4P (LT 205P L1342} _Bgoa 983
PiLLe31=Pl11,31+2, B6LG 984 7 7
et e e —— L=A4yd) X B6GO 985
. IF{L.LE.200) HROW=220 BE0OD LTS - T -
I — . IF(L.6T.200.AND.L.LE.400) VROW=222 o N 8602 937
9565 IF(L.GT.GC0) NROW=22L ) géyn "’ g8 U 7
K=L=-200*{(L-L}/200} — 8666 989
ALNROH, K)-MNROH,K:+P(13.u*Pua,xupus.znpus Ty " ge0a %39 77"
o o A{NRON+1,KISA{NROKEL+ XY #2 B&0Q 991
286 CONTINUE BoOU 992 T
__.870 L PULL,4)=SARTIPILLL}/P(LL, 3 D) o _ N Beca 933
PRINT 575,P (1144} i " 860840 G9u -
__KB=0 . o 8503 Q95
¢ RECYCLE FOR NEXT 0BJECT 8% NEXT PUATE B&6H T 895
o N _ .. _ B&67 IF{KC.EQ.0) GO TO 355 ~ B604Q 997
975 268 ME=HE®L - T 86Qu " - 988 "~ T T
e e e KC=0 i 8600 999
IF (ME-IPHO) 105,465,259 ) T Trmmmmem Bbid ~ T 16ae
269 GO TO (271,272)+IRE f640 i0cd
272 PL12,4)=S0RT(PLL2,4)/7PLLEVID) L] Loc2
___ 980 PRINT 538,P(12.4) . _ B60Q 1023
PRINT 5758 R - £ 11 tlot T e
o ria DO 348 L=1,IPHO . . B500 L0865
IS=CAH({L 1} meEmm oo T oB&Gy T 1606 "
IF{LL.LE. 204} NROH=220 . 8603 1007
ags IF(L.GT.200,AND,L.LE.400) NROW=222 “TBBOC T LOCBTTT
. o IFLLGT44GG) NRQW=22% 8640 1609
K=L-200%((L=11/200} - - T BB03 " 4819 T —
e e ALNRDW,K}=SORT (A(NROH+K) /& INROH+L,K)) 8600 1011
PRINT 557,15,A(NROH,K) " N T B80S i1z TS T T T o e e
991 346 CONTINUE 8600 1613
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COC 668G FTN W3.0-324 0OPT=2

i Qu/02/75
- . owr o 1] Ap o — a * BBUG
INTERSECTION OF OBJECTS NIT USED IN THE BLOZK ORIENTATION SOLUTION B&0D
BBED
PRINY 530 8500
PRINT 534 86020
PRINT 5148 B600
IOTHER=IMAGE=IGO=MORT=4 _ __ . p&DD
JOYCE=L INE=D B60G
READ IN IMAGES OF THE QBJ:> 8600
CALL DRUF (1) 866U
BECODE( 80 +526,9UFF{IXOUFI) { AlJy IMAGE) o J=1,4 3 BEGD
IFCALL, IHAGE) LEQ.0.0) GO TD 315 ' 8500
GO TO 278 L B&00
IFCAL724) “A(7+IMAGE) 1 34543144315 T TT o TTmmEm T Tt T gsog
IMAGE=I MAGE ¢4 8604
GO TO 315 9600
IMAGE=I MAGE-1 8663
IFLLMAGE.EQ.0) GO TO 350 B&GG
IS=ACTy 1) e BEGT
PRINT 562 - s Bs G0
DO 327 MH=1,IMAGE L . 8640
ALLO, M) =L, ' {111
K=At54M) - B6OG
L=Alt, M) ) =t 3600
00 328 u=1,3 _ 8684
CULJIK+L1=CANIL, J#2]) 8603
CUIKEZI=CAMIL s J+5) . 8600
C{J,K+31=CAMIL, J+8) ' - 860D
CONTINUFE . i ) . ) B600
Cl1yKe412G{2 Ke3I*C (34 K+D) ) B&GO
C{L,K+51=-C(24Kt3)*C(34Ke2) BEUY
Cl1,K+63012,K+R) B&OS
Cl2,K+6)=CLlA, K3 *CI3, K21 + CLL,KER) #CL2, Kr2) #0133, K+D) B&ad
ClR1K4S)SCILKeZIIC (34K} = ClL4K+2)*C(24 Ke2)*L (3, K+E) B6OO
CL2K+B)==C L K421 20 [2,%¢3) RE0Y
CU3,KEL1=GlL, KEZE*C(F,K42) = CUl24K¢2I*C{3+Kr3I*CLL,K+3) C T BBCA
CU3:K+51=0{1, K210 (3 K+3) ¢ CL2,Ke2)*CU3, K+ 2) *L L1y Ke3) BSGO
CU31K+EI=ClL,Ke31+C(2,KeD) . Tt Tt TTTTTT BB
Cl3,K+E7)=1. 8BGO
CONTINUE " ’ - 86903
COMPUTE {.S. SOLUTION OF XYZ USING A3B EQJAL 1 8600
GO TO 242 o T B&Ge
BT4 G{1260L)=€(1,0} BEOG
G{120C62)1=E(2,4) T T Be0n
Gl125031=E(3,4) B&G S
COMPUTE L.S. SOLUTION OQF «YZ USINS COMPUTED A3B TTTOUTTCTT O BaeG
IG0=2 8BS
DO 325 M=1,IMAGE B6CL
K=A1{5,H} . B600
D0 326 I=1,3 - 860G "
CUIyK#LBISE(I4t) =CIIsKe1) . B&00
GOMTENUE T T pegs
JEK L . 8607
D0 325 I=1,3 ' . BELO
CUT K171 =0 014 ) FOUL. K1) #C(2, JI¥0 L2, K152+ CU3, 3} *C L3, KELE) B6GA

290“3.5“.

1014
1615
1616
1617
1018
1619
1020
1021
1622
1023
1624
1025
1626
te27?
1pz8
11929
1430
1631
1632
133
1036

103% °°

1036
1037
1638
1039
1040
1043
1oLz
1043
Léuy
icus
i0Le
19u7
1048
icug
155G
1851
1652
1053
1054
1es6
1656

les?

1658

N ch-1- Rk

1Cod
1061
1062
1663
1064

1068 ™ 77

1066
1csv
1L68




. . ... _..PRDGRAM _ BBNQ COC 66)Lu FTN v3.0-324% OPT=2 (0u4/02/75 20.40+454. PAGE 20 _ _
N X 1S S i e e _ . BBOOD 10569
325 CONTIHUE B6OY 1670 - ==
e e e ot e e IF{IOTHER.EQ.0) GO TQ 26B ) BBOD 1071
GO TO {24Z2+34T731,MORT B60Q a7z - e
e 1050 ... .. C TEST TO TERMINATE OBJECT I[NTERSEGTION SOLUTION B60Y 1673
276 SAVESASS(E(L,43=-6{120821)) *{-A(6,IHAGE)}/CU3,K+17}) B6OG 1674 " T T
) IF(SAVE-.000001)330,330,27% [ 1-Y. 1 1075
330 SAVESABSIE(Z2,4)=G{12002)) * (~=A{6,IMAGE)/C(3,K+i7)} 860D AG7e T T T T
. IF(SAVE=.B00001)331,331437% B6SG 1077
1055 C TERMINATION TEST GOOD. OS3I4PUTE PLATE RESIDJALS BE&OG AG78 o e
. .. 331 MORT=2 BEOC 1579
GO TO 346 Ba3# 1086 T
e . ...34T7 DD 332 M=1,IMAGE i e i el ... __ BbBOE 1681
IF{ALL1C M} +EQ.0.0) GO TO 332 Be0d 1032 T T e
. 1060 L. K=A(5,H) BE0 1083
ALBeHI=CAIZ4HI +ALO,HI*CLLy < +5T/C{3,K+17))*1000080. B6GQ 10bb = T
_ ALGyHI= CALS MI+ACE HI*CHL20 #1473 7CU3 K170 #L 006000 8630 1685
332 CONTINVE BGOD 1046 T e
—_— c_ DETERMINE MAXIMUM PLATE ES5IDUAL AND TEST ASAINST RESIDUAL LIMIT  066C 1687
1055 N=g Boud 1688 - e
— o H=J=1 L. B&GD 1089
DO 275 I=8,9 Bal 10490 - T
e e e e e 277 MuMel J6u i 1634
IF(4-TFAGEI 27842784279 8600 1092 T T
LG70 278 _IF(ARSCAIN, W] -ADS(ACT MR} 319,277,277 BeCa 1093
19 N=I - B&dd 1694 T
e . J=H BeG] 1695
' GO TO 277 . - BEJG 1696 Tt
e U279 =D - o L L 8600 1697
1075 275 CONTINUE . Ba03 194 T UTTTTT e
__IF(ABSCALIN,J))=RESTD)166+1564226 860u 1099
c BAD IMAGE B&01 1160 T
— _ .. 228 JOYCE=JOYCE+L L B6Ga 1iG1
IF(JOYCE=-1)333,334,33n B6 G 1102 T T e
__. AG&0 ___333 IFLIMAGE~-31334%4+3344335  __ _ B6GY 1103
. 335 AlB,J15AL9,J)=A010,43=0. T I 1Y/ ey 7T
__HMORT=t  _ o B6CY 1105
GO TO 274 B60G 1136 - T
e 334 AlLD, =2, . 8599 1107
1085 ¢ QUTPUT XYZ AND PLATE RESIJJALS FEE e - 1= 1 1158 ot o
n 166 IPL=A(L,1) BENG 1199
IFLA(LO,1)-1,1336,337,338 B&04 1140 - T e e
336 PRINT 549,IS,E{1,4bsEL2,4) EL3 0),IPL B6Gw 1111
GO 0 339 - B&OE 1112
109p, 337 PRINT 5534ISeECLeitt gE1290) pE3y 00 2 IPLALB 1Yy ALD,2) 6604 1113
GO To 339 D 1111 1114
e . . 338 PRINT 550:ISsE(Lsu}E{24L} sEL320)IPL,A(B,1) 4AC9,1) 866D 1115
339 CALL ORUF{1) B&49 1146 mRem mmmamR s om o smm——————
_ EMCODEU80,561+BUF{IBUFY] IS, E(L.4),E(2,4),EL3,4) BE0D 11.7
1095 DO 346G M=2,THAGE ) ) Tt T 1118
IPL=A(L,H} B60G 1139
EFCACLO oM ~1,1 365,342,343 B60O 1120 s s T
- . e 3531 PRINT 551,1IPL BHGD 1121
GO TD 340 8664 1122 - - T e e———
1100 342 PRINT S5364IP1+A1HB MY s A (994} B6EO 1123



—~CY

e mn w v PROGRAM _ ___ BBGE . L. . CDC 6630 FTN Vv3,0=32h OPT=2 0Qu4s02/75
GO TO 340 e _ B&GD
343 PRINT 555, 1PT,AL8 M) ¢ AT, 47 - I 1-11
e e 340 CONTINUE . 8600
Iub LINE=LINE+L el
—— .. . 1305 ... C RECYCLE FOR NEXT OTHER OBJECT B4GO
IF(A(L, INAGE44}.EQ. 0.0} 33 TO 350 B&GY
_ DO 345 I=1,7 e e e e [, - 11 1
ACT+1)=ACI,IHAGE+1} 860D
el . ... 345 CONTINUE . g86C o
1110 JOYCE=0 8800
e, 160=IMAGE=HORT=1 850¢
GO TO 314 BEOG
Fowr ot e e e ek S et e c¢¢ e = . " A awEs uRL Fe maT W mmeAw W men om v ~ 86tk
C BLOCK AQJUSTMENT COMPLETE] B -1
. 1118 . _ ¢ 8600
3150 PRINT 352,LINE B6d 4
R IF(IRVER.EQ.0} GO TO 366 i . As0L
00 355 I=1,IPHO ABO0
_— LLIS=CAMCELNLY ... h&oo
1120 CALL DBUF (1) Ags0
e ENCODE(80,561,BUF(LBUFI) I3 ,(CAHIL +J) +J=3s 51 INVER i A60)
CALL QBUF (1) ABGE
I ENCODE (80,557 ,BUF (IBUF) I L[S, (CAMLLyJ) 4 J=5y b} ABLO
CALL OBUF(1) AB03
it2s5 . _ENGODE(80,557,BUF{IBUFI} 15, (CAMIT, ) ,J=3,11) Abao0
365 CONTINUE T OABOG
. 38B PRINT 5.2 ABD
CALL OBUF (D} 8600
- ! . _ . GD TO 1B3C . o o _ aehy
1130 BEG G
G FORMAT _STATEMENTS 8660
[ 8600
. . 524 FORMATUEX (I1,8X,ELt a7 ¢203Xs F2413,2X9F2.043% I1,FB40,8%X,11,9%,IL)  A6DY
525 FORMAT(TX,F3,0,3412%,FLl.0),3X,E14.7} 8ebd
1135 526 FORMAT(LX F9.0,2 42X ELU.7) ¢ 37Xs 11D ) 8600
827 FORAAT(LXsFBs0+3{1KsFA243) 3 30Xs11) oot T B 1Y I
528 FORMAT (/32H GROUND COORDINATES HISSING FOR L6y SH~STOP/} 860G
529 FORMAT{44H PROVISIOHAL GRDJND COORDINATES ENTERED FOR I4, 35H OBJE B6GJ
1C6TS. EXCEEDS 2600 LINIT--3TOP/) B&OG
1140 530 FORMAT(LHL,23X456H**F  INTERSECTION OF 03JSCTS NOT USED IN SO.UTI 860u
. 10N erxy BGGU
531 FORMAT(8ALG) | D&6 G
532 FORMAT(/S50H DRIENTATION ®ARAMETER CORRECTION LIMIT IS 0.0u001/} B600
533 FORMAT{14H PROGRAM PASS ILl, 46H FRODUCES A HAXIMUN ORIENTATION ZORR™BaUD
. 1145 . AECTION OF Elh.7s LLH FOR 2_ATE 132 Be6u
534 FORMAT(38X,37H {SECANT PLANE COORDINATES ~ Y ICRONS}//) 8600
- — _. 535 FORMATU/7H PLATE I3, 36H NIEDS OVER 5 RESECTION PASSES--5T0P) 8643
536 FORMATIG8X,T16+F56.3,FL9.3) Bad 6
537 FORMAT(/3H OBJECT 16, 314 APPEARS ON QVER 9 PHOTQS-=STOP) B&0G
1150 538 FORMAT (//733H RHS «ESIDUA.” FOR ENTIRE BLOZK = Ei14.74+ 6H MICRONSI™ ™ DEOU
e 539 FOIMAT(/52H PLATE OMEGA 2HT KAPPA/) 8680
SLi FORMAT(/4LH PLATE X0 ¥ 20/} 8600
542 FORMAT(/55H 8 L 0 C X A DJUSTHENT COHMPLETSE D) 8603
543 FORMAT(/46H BLOCK COMTAINS E3,17H4 PHOTOGRAP4S AND IG,8H OBJECTS/) B600
1155 SLt FORMAT(/27H BLOCK AQJUSTMINT CONTAINS I&, LIH OBJECTS AND EXCEZIDS 9603

20 4050,

1124
1128
1126
1127
1128
119
1130
1131
1132
1:33
1134
1335
1138
+37
1138
1139
7

2

9

110

4
-

12
13
ik
15
16
17
114l
112
1iL3
114
1483
14

1447 7

1148
1149
1150
1151
1182
1153
1154
1165
11556
1157
1138
1189
1160
1151
1162
1163
iiey
11606
1167
1168
1169
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http:ADJUST1.lT
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¢t q

e T T Al g rrPR——" tr — T L = 3

e . . PROGRAM _ B6&GD CDC 6679 FTN V3.0=324 OPI=2 04702775
. LLIMIT OF 1976=-=STOP) _ _ _ ) o L 8600
547 FORMATI(/TH PLATE I3, 29H ZXCEEDS 30=IMAGE LIKIT~=STOP) caGo
o o e . .. 548 FORMAT(24H * DISK (PARITY! ERROR *) 860
47 FORMAT{1H3i,30%,52H"**  EINTERSECTION OF O3JECTS USED IN SOLUTION  B&QC
. i160, __._ __ 1 sy B&OQ
548 FORMAT(* O0BJEBT ¥ 3IUND ¥ GROUND Z GROUND B6DQ
1 IHMAGE VX PLATE RESID VY PLATE RISID *) .. BeBy
569 FORMATCLX L7 sF1b.3.2F13.3)[16,208H OVER LIMIT=~IMAGE DISCARDED}) B602
. 550 FORMAT(AX4I7,FL06.3,2F13.3,11642H *4F14,3,713.3) BECY
1165 551 FORUAT{LBX,I16,28H OVER LI4IT=-~IMAGE DISGARIED) 860y
.. _ 552 FORMATI(//LOH TOTAL NUMBER 2F INTERSECYED OBJECTS IS rw) B6GU
5563 FORMATULXI74File3,2F12.3,116,F16.3,F19,.3) B6OO
et rreermt ot e s oo . B34 FORMAT(//7 14Xy 17 1 AHT,3FL3. 3) e R B6YD
. 55 FORMAT(LBX,11642H *,F14.3,719,3) T B&G Y
Lo 1170 556 FORMAT(/14H PROGRAM PASS [Ll,y 19H LAST PLATE D0ZO0 IS Ei&.7, 12H JIVI B6OG
1DED BY Eit.7) B6CY
- - _ E57 FORMAT(AX,1942XoEdlai 128X 28haTy2XsELk. T} B&LY
556 FORHAT(UX sFD092XaF2uGs2Xs 240461%511) 8680
R S6C FORMATU(//7/1X3 17 +4HTF33.3) o B&65u
1175 561 FORMAT (LX) I04LXsFL243 48X 1243+1X9F12.3,33Xa T2} ABCG
. .. 562 FORHAT(LH //) o BEOO
567 FORMAT(/23H POSITION WEESHT VAREES/) © ; CBoG
e mmmeemi4 e o . .. 5DB FORMAT(/25H POSITION WEIS4F COMSTANT/) ) . Ce60
569 FORMAT{1H1,8A10} 85800
1180 ; . 570 FORMAT(/40H OVER 250 WEL3ATED OBJEGTS ENTERID~-STQPY 36046
572 FORMATISLH NUMBER OF PHOTJIS IN ORDERED STRI® EXCEEDS Zfi~-SToP) ~ B6GO ~
o e 573 FORMAT{S5LH CONTROL E2J4TION XY Z (0=NO CONSTRAINT)) B860C
STL FORMATEZX,I6,8%,12,8X,12,5%,12) 8650
. _ 575 FORMATL(BOX+%L3H RMS ONJECT: El4.748H HICRONS) 26du
1185 S76 FORMATULASH FL CONSTANT = Z14.7,20684  MAXIMUM ITERATIONS = I2,3iH B6OQ
1 RESIDUAL LIHIT (MICRONSY = E£14.7}) _ L 8604
§77 FORMAT(.28H RESQLUTION WEISATS HI712 = Elbe 7y 1GH "HTL2P = ELLITF) geut T
L —— 578 FORMAT(1H1,26H PLATE RIHS (HMICRONS) ) Bb6EQ
END B6OY
-
5§
by Ay
59

1170
8 "
1173
1174
1175
1176
1177
1178
1179
1189
1161
1:82
11463
1184
1185
1186
1187
1188
1189
19
1191
9
10
1194
1195
1196
1137
1198
1139
12340
1201
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' SUBROUTINE

¢
c
C

5

c.

CDC 6630 FTN V3I.0-324 OPT=2

OBUF
SUBRIUTINE DBUF [NORECS)

THIS PROGRAM IS SET UP FOR A DOUBLE BUFFER AREA ALTHOUGH IT IS USING
HAIT #0OE EINSTRUCTILONS. TO 3% CHANGED IN THE FUTURE.

COMHON /COBUF/ LENGT,HEXT,IFIRST, IXBUFBUSF(1026)410Q4KS
OAYA (IGOUNT=G}

DATA (IT3=2u0120053600C002000081 3 (IEF=1000990T0CGROL06T
1 (IPR=202000CO600000¢NB)

c
e IF (NORECS) 70,10,70
16 CALL LTRID (IN,1L113,BUFF(IFIRST),BUFF (IFIRST#511),K5)
o IF (KS «LT. 81 GO _TO 76 _ ) . e
IF ({KS.AND.IPR) .NE. 0) 2INT 160,1Q
.. . IF ({KS.ANO.IEF) NE, Q) 30 TO 60
IFIRST = HODC(IFIRST+512,1324)
¢ — . ICOUNT =4 . R
RETURN
.60 ICOUNT = ICOUNT + 1 e .
IF (LCOUNT LLT. 2} GO TO 18 T
— o PRINT Ak o .
CALL LTREQ (IT3,1158,4484J51}
- _ R STOP i i ) o
7C XF (MOD (LENGT 51211 7947479
25 T4 CALL LTRIO (IQy1148+BUFF(LFIRSY)BUFF (IFIRST+541)4K5) o
IF (K5 .LT. G) GO TO 76
B N IF ({KS.AND.EPR} WME, 0} ®RINT 100,1Q
IFIRST = MODCIFIRST+512,1324) .
e - ... 79 LENGT = HODILEMGT+B*NMOREZ3, 1024}
30 IXBUF = NEXT
__NEXT = LENGT + 1 ____ e
RETURN e -
[ 76 PRINT 77,KS
sTOP
.. ®g 400 FORMAT (/* TROUSLE IN INPJT TAPE * 020 /) .
B4 FORMATC(*L JOB TERMINATED== END 3F DATA®)
77_FORMAT(*L _JOB ABQRTED-~ STATUS WORD * 020)

TEND
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... .SUBROUTINE_ OBUF_C(NOREGS) _ . . e e e i, OBUF 2
c : T Tt esur T 37
. ... G THIS PROGRAM IS SET UP FOR A JOUBLE DUFFER AREA ALTHOUGH IT 1S USING OBUF L
€ WAIT HODE INSTRUCTIONS. TO 83 CHAMGED IN THE FJTURE. 0BUF 5 I
e 5o c 08UF )
COMHON /0DBUF FLENGTyNEXT+IFERST4IXBUF+BUYTFIL1024) 1P, ENDFLQ 08UF 7 Tt e
mmm wam.ma T . mw dawm wmEn . mr mama - - —— OBUF v mew B
IF (NORECSY 10,+403,L10 QBUF "t g 7
. 10 LENGT = LENGT + NOREGS 0BUF 10
10 IF (LEMGT,GT.bL) GO TO 20 OBUF 11 T
— IX8UF = NEXT 08UF 12
GO TO 3¢ ’ 0BUF 13 R
e e e w20 TALL LTRIO (IP,1428,BUFFILI7IRST},BYFF(IFIRST+511) 4KS) OBUF iy
IF (KS .LT. D) GO TO &0 oo 08UF 15 T TS e
L. _i5 _ _ IXGUF = IFIRST = HODCEIFIRZT ¢542,1024) 0BUFL 1
LENGT = HNORECS QBuF 17 e
i . ____ . 30 NEXT = IXBUF + NORECS*& QBUF 18
RETURN 0auUF 19 T
48 THOEX = IFIRST + (LEMGT-NIRECSI*S6 - 1 i QBUF 20
20 CALL LYRIO (IPsi12B,BUFF(LFIRST) BUFF{INDIX) 4KS} B R +1: 111 F-F S
e e e IF (X5 LT« 0) GO TO &0 i OBUF 22
ENDFLO = 0. 08UF 23 - - .
e e e e o RETURMN 0BUF 24
B0 PRINT LCG.KS OBUF 25 -
25, __ STOP | e - I 0BUF 26
100 FORMAT (*1 JOB ABORTED~-- STATUS WORD *,321) - [ 11315 2? T e

END 0BUF 28
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