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Foreward

This is Part III of the final report under Contract DAEA18-76-C-0019
entitled Atmospheric Transmittance Study with the Meteorological Satellite

/
Technical Area o4L1ho-Atnosphcx;c_Scﬁoneos-Labo:atnsy at Wh1te Sands &Z¢* /d/

Missile Range. Part I contains a study and development of band models
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for use in connection with techniques for the calculation of atmospheric
transmittance along slant-paths. Part II contains the report on the
studies related to the inversion of the radiative transfer equation for
temperature, composition and possible cloud correction techniques in the

15u CO2 band region. Also included there is a discussion of the method

-
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" ¢ used in this study for the calculation of atmospheric transmittances

b using line spectral parameters. Part III deals with the study of SMS

i
digital data and their use in severe storm and cloud studies. i
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1. Discussion of Effort

At the onset of the contract, discussion of the objectives brought to light
the necessity of an accurate SMS digital data registration scheme to complete
task 3.2.7 an examination of the relation of severity of storm to cloud
development. Since an interest in that area was expressed by the contractor
and it had been stated in the contract that the problem of registration
would be looked into, it was decided to tackle the problem. Many other
organizations have already and are dealing with the problem. It would
ultimately be our task to assimilate the knowledge and expertise of those
individuals in the field of registration to arrive at an accurate scheme
adapted to the needs of the contractor.

A straightforward geometrical approach to the problem was proposed
by the contractor. While work began on the dynamical aspects of geometrical
transforms and Euler angles, a survey of the field was conducted. It was
discovered that, among others, E. Smith, now of Colorado State University
(C.S.U.) and formerly of Wisconsin, and C.E. Velez, of NASA Goddard Space
Flight Center (NASA GSFCflare experts in the field of registration and
that their schemes, the former of a short-term attitude predictive nature
and the latter of a long-term orbit and attitude predictive nature, arc
representative of the current two approaches to the problem. Contact
with the two was initiated. A trip to CSU to talk to E. Smith was arranged.

A demonstration of CSU's registration capabilities and a copy of a write-up
on the system E. Smith and D. Phillips had developed at Wisconsiﬁawas
provided along with an offer of a copy of the software. Further study of
the write-up indicated that the software would indeed be helpful so the

request was made. A copy of the software was received in early December.
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Dr. Velez was also contacted and offered to send us a copy of a report
on the system his group at NASA along with a group from NOAA National
Environmental Satellite Service (NOAA NESS) had developed? We requested
a copy of the software but this was not seen to be feasible because their
package was actually part of two huge multipurpose software packages
that require a lot of storage and that are virtually undocumented. Dr. Velez
suggested a trip to NASA GSFC sometime after the first of the year to determine
if their system would be suited to the neceds of the contractor. Also, his group
was in the process of rewriting and consolidating their software into one
package for their new PDP 1170, which is compatible with Met. Sat.'s PDP 1145,
and he anticipated the completion of the program by January. A trip to
Washington, D. C. to include visits to both NASA GSFC and NOAA NESS was
arranged. :

The trip to Washington, D. C. on January 5-6, 1976 provided invaluable
insights into the registration problem [see trip report in AppendixA ].
Based on the facts that 1) the adaptation of Velez's scheme to the PDP 1170
was not completed, nor 2) was it accurate enough for our purposes (30-40 pictel
elements vs. the needed 1-2 pictel elements), plus the fact that, 3) our attempt
at a straightforward gcometrical scheme proved to be futile [See Summary of
SMS Data Processing System in AppendixB], it was decided all around that
the best route would be to adapt a version of Wisconsin's, or the D. Phillips-
E. Smith routine, a copy of which E. Smith had already sent us and the
accuracy of which was professed to be 1-2 pictel elements. It was also
decided that it would help if a copy of the mini-computer adapted Wisconsin
version in use and offered by J. Billingsley's group at NASA GSFC was
obtained. A letter was sent requesting the software and documentation of the

navigation segment of their METPAK. Meanwhile, an attempt was made to

2




decipher NOAA NESS's version of their registration program, a copy of
which was received during the trip to Washington. Because the large
program is almost totally undocumented, it was decided that the great
amount of effort that would be required to comprehend the program would
not be justified by the result. Therefore, we proceeded with an in-depth
analysis of the theory behind the D. Phillips-E. Smith routine which
necessitated periodical communications with E. Smith. A mathematical
overview of that analysis, based on the write-up of the scheme by D. Phillips
and E. Smith, follows in AppendixC . The requested NASA GSFC software,
which is a version of Wisconsin's McIDAS and which had already been adapted
to a PDP 1145 system, was received mid-April. Based on the fact that it
had already been adapted to a PDP 1145 and that its documentation was
a great improvement over that in E. Smith's program, we decided to use
the NASA GSFC version, developed by C. T. Mottershead of the Computer
Sciences Corporation (CSC), as a basis for the prototype to be developed
for the needs of the contractor.

Because the theory behind the Mottershead version is basically that
of the D. Phillips-E. Smith scheme, the analysis in Appendix C also
applies to Mottershead's. A thorough flowchart and investigation of
parameters used was undertaken in the process of which correspondence with
Mottershead was and is still being maintained. Basic IO handling routines,
which are machine-dependent, are the major obstacle to the utilization of
Mottershead's scheme as is. Approval for the use of Met Sat's PDP 114!,
in conjunction with one of their personnel, on which to adapt the navigation

program was given in June by the contractor. However, the PDP was not




ready for routine use (thorough hardware and software system check-out

was necessary) until recently. In the interim, sample calculations of
various segments of Mottershead's navigation program (based on the test
landmark data furnished within the program) were performed by hand to
determine expected values of parameters. Time-consuming iteration calculatiens
necessitated computer assistance. Therefore, the process of revising
Mottershead's program *+> fit UTEP's IBM capabilities was undertaken,

i.e. editing capabilities (mid-stream, interactive) were removed and PDP
system-based software (data-manipulative) was either removed or revised.
The error-checking process is still on-going; however, an undocumented
listing of the program in its present, unusable state is included for
reference [see AppendixD ]. Mottershead is in the process of revising and
consolidating NASA GSFC's navigation program for use on their new PDP 1170.
When it is operational, he will send us a card deck of the final program
to be implemented on Met Sat's PDP 1145.

Further consultation with Mottershead will be necessary in order for
us to adapt the editing capabilities of his program to the peripherals of
Met Sat's PDP 1145. Also, it will be necessary for us to work with the
engineers of the Met Satellite Technical Area to develop the needed data
I0 package.

The organizations with which we had been in contact all routinely
use video refresh capaﬂility (CRT screen with cursor) to locate the
landmarks needed to determine satellite attitude and reference satellite
position in each photograph [see Appendix A]. Since the contractor does
not have the necessary video refresh hardware, some other method of locating

landmarks needed to be developed. A group at NOAA NESS is experimenting
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with a cross-correlation scheme [see Appendix A] and provided us with a
partial copy of their unfinished software, totally undocumented. Their
scheme works best with visible data and requires at least a year of testing
with sample data because it is based on having predetermined blocks of
expected data in storage. It is our impression that a more generalized
scanning method applicable to both IR and visible data would best suit

the needs of the contractor.

In order to get a better idea of the scanning method needed, we decided
to take a look at a few examples of dumps of digital SMS data. We looked
first at IR data because of the lesser quantity of data necessary to view
a relatively large area and because of our ultimate aim of relating IR-
derived temperatures to cloud height for both the severe storm case study
and incorporation into VTPR retreivals. By looking at the corresponding
IR laser image, we were able to define approximate count boundaries
between land and ocean or cloud. We then correlated these approximate

count ranges for land, oceans and clouds with the temperatures represented

using the chart shown in Figure 1 and making sure that the temperatures
"made sense' with what we expected climatologically.

Only 64 gray shades are available for our use in the IR because
the least significant bit is dropped from the data so that it will fit
on a 7 track tape to make it compatible with the UNIVAC computer. (This
makes it necessary to multiply all count values by 4 to compare with the
chart value in Figure 1.). When the PDP system is complete, it will be
equipped with a 9-track tape drive along with the capability of providing

all 256 gray shades in the IR.




We are very much aware of the fact that the amount of land-ocean contrast
and the actual boundary counts found are functions of the landmark location,
the time of day and the time of year. For this reason we proposed a yearly
study of land-ocean contrasts to determine which landmarks are best
for different times of the day and year. The maximum contrast would seem
to occur cuving late summers and late winter and during mid-afternoon and
early morning since at these times are maximum land temperature extremes
and also c-ean surface temperatures change relatively little diurnally or
seasonallyl Because at certain times of the day and of the year, there
is only one count difference between land and ocean it is sometimes very
difficult to determine where the water actually stops and the land starts.-
(Itis possible that when all 256 gray shades are made available to us a
larger relative temperature difference between land and water might
become evident.), Also, because the resolution of the IR is 4 km X 8 km, each
data point is an average of the temperatures in that block. The coastline
could actually be anywhere within that block of data so the uncertainty
in determining a coastal landmark point is at least one data block,
not withstanding any calculatory manipulations of data. For these reasons,
it has become our idea that the best way to approach the automatic landmark
retrieval problem is with a scheme that first scans in the IR to locate
a landmark point + one pictel element and then to call up the corresponding
visible lines and elements that correspond to the IR line and element
plus uncertainty (visible data resolution is 1 km X 1 km so each IR pictel
element is equivalent to 32 visible pictel elements) and scan for the
landmark in the corresponding visible block of data. It is sometimes
difficult in visible digital data dumps to distinguish between the
brightness values associated with low clouds and those associated with

highly reflective land or occan surfaces. By scanning in the IR first where,
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except in high latitudes in the winter, the cloud counts will most certainly
be higher (representing colder temperatures) than land or water counts,
we have the capability of automatically ruling out cloud-covered landmarks.

During the year a "Landmark Scanning Program' was written and is in

the course of testing. The program is designed to demonstrate the feasibility

of identifying specific coastal landmarks using computer techniques. It
determines the coastal outline by identifying high contrast regions with

a first order difference technique. A cloud identification is incorporated
into the program.

The program, included in Appendix E, has not been optimized and should
not be considered as a finished product. Several cleanup problems, all of
a relatively minor nature, must be completed. An example of these problems
is the fact that the coastline is generally displaced eastward and southward;
this is purely the result of the differencing technique being used.

In its present form, the program demonstrates that coastal features,
including islands, can be efficiently obtained from the IR data. Although
we have not, as yet, obtained the desired accuracy of + 1 pictel element,
we can see no reason why this will not be accomplished when the program
cleanup is completed.

The present technique requires the computer to identify the coastline
and then to obtain its most westward point. It is clear that another
coastal landmark identification will require a different search criteria.
Landmark identification schemes of this type will require that particular
search algorithms must be associated with each different landmark. This
problem may be overcome by obtaining a more generalized pattern recognition

scheme or by developing a more general search routine. With respect to
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the former we have initiated efforts to use both fourier and mellin
transforms in the recognition scheme. These efforts are in the first
stages of programming. The later approach will not be pursued until

we have developed successful search routines for several different types

of coastal landmarks.
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f 2. Task 3.2.7 :
The contract stated in task 3.2.7 that a study would be performed f
in which we would "examine conventional synoptic data and satellite ;
4
- images of severe storm systems and determine the correlation that exists }

between cloud type and development and time of greatest severity.'" We f
were unable to perform this study because of unforeseen problems.

In the first place, in a severe storm study, the nature of the |
image-making process necessitates using the digital data from which the
images are made to get necessary detail.é Conclusions about the relative
brightness levels of clouds in the visible data or about the cloud top

temperatures in the IR cannot be made from satellite images. Two factors are

the basic reason for this: 1) the film density is not constant within

7
one image, let alone from one image to the next, and 2) often the same

exposure setting from one image to the next cannot be utilized because
of such factors as the sun angle over the area of interest.

Secondly, in order to use the digital SMS data, it must be registered
accurately; and, as has been shown above, this is no easy task. Often
landmarks from which to register the data cannot be found near the severe
storm cell in question, especially if the cell is enmeshed in the cloud
mass of a much larger system. Because 1) the SMS satellites spin as they
record the data, each pictel element having been taken at a different time,
and 2) the satellites are not perfectly geostationary and their positions
must be mathematically derived, a simple interpolation between the pictel
elements of known landmarks to locate severe storm cells becomes impossible.

The registration must be accurate. Overshooting tops, a sign of particularly

active and well-developed cumulonimbus or severe storm cells, have been

seen on SMS images to cover only a fraction of the area of the underlying




cirrus shield, which is typically on the order of 30-35 km. in the E-W
direction by 20-25 km. in the N-S direction.q3 In the IR digital data,
from which the temperature and hence approximate cloud top heights can be
derived, one pictel element is 4 km. in the E-W direction by 8 km. in the
N-S direction at the sub-satellite point. Since the overshooting tops
might be detectable in only one to three IR pictel elements, an error of
+ one pictel element in registering the data becomes crucial.

Because of the previously mentioned; unforeseen software and hardware
problems, we were unable to complete the necessary registration scheme.
It is for this reason that we were unable to perform the severe storm
study. However, we do intend to perform the study when the registration

scheme is operable during the next contract year.
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TRIP REPORT

B T S NEANPNIE £

Several different groups at NASA Goddard Space Flight Center and NOAA
National Environmental Satellite Service are working on various registration
¢ schemes of two main categories: long and short term prediction of satellite
: position. C.E. Velez and his group at NASA GSFC along with J. Ellickson

and his group at NOAA NESS have been working on the long term (2 weeks)
predictive route and have met with reasonable success. However, their scheme
is one that requires a lot more work initially and does not have nearly as
good accuracy as the short term predictive schemes in existence. Dr. Velez
suggested that we look into Wisconsin's scheme (which is a version of the
Dennis Phillips - Eric Smith routine) and offered to send us a copy of

the report on the Velez scheme adopted to a PDP 1170, NAVPAK. Another

group at NASA GSFC has already adopted Wisconsin's scheme to their mini-
computer system, the Image Data and Manipulation System, in their

METPAK, for which write-ups of each were provided. They agreed to

send a copy of their navigation software and documentation if requested

in writing. Such a request was made upon return from the trip. Another
group in NOAA NESS uses a similar scheme, a copy of which was furnished

but is undocumented. Also, they are currently working on their own in-
house scheme.

IRR———— RS T

e i

One of the main purposes of the trip was to find out what scanning
or landmark detection methods others had devised and their present stage
of development. It became evident that all groups with working registration
schemes in both NASA GSFC and NOAA NESS use video refresh as the most
efficient means to at least initially track down the landmarks. At NASA,
Dr. Velez demonstrated the LANDTRAK scanning method they used; and R. Adler, | ﬁ
STORMSAT researcher, and J. Billengsley, systems developer for IDAMS and |

P ————

.tﬁeir new system, AOIPS (Atmospheric and Oceanographic Information Processing f ;
Systems), demonstrated the METPAK navigation technique. NOAA NESS has been ||
working on a cross-correlation method of scanning which works well for
visible data but poorly for IR. Many more test cases are needed to determine
the minimum number of reference chips necessary to consistently achieve
accurate vigistration. Mike Crowe gave us a copy of the program, which i
has some documentation. A.L. Booth, also from NOAA, has worked with ITOS ‘ ;
data in a cloud pattern recognition scheme that works best with IR data. | l
|

He furnished a copy of his thesis and suggebted we contact Dr. Laveen 1

4 ———————————




Kanal of the University of Maryland, who has worked with SMS data in pattern
recognition. We are in the process of searching the literature for possible
articles by Dr. Kanal on that subject.

On the severe storms aspect, NASA GSFC has already implemented a
scheme in their METPAK for the IDAMS which computes divergence and vorticity
using interpolated wind fields 'from SMS digital data'and which R. Adler
and J. Billingsley also demonstrated. A vertical velocity scheme is planned.
NASA is aiming toward a real-time data system for severe storm research.
R. Adler and C. Peslen, also STORMSAT researchers, are interested in
maintainig close ties and offered their assistance when needed. R. Adler
is also interested in January 10, 1975 data and offered to track down B.T.
Miers réquest if the data had not yet arrived. It had not arrived, so
R. Adler was contacted via phone January 13, 1976. He promised to look
into the data request and who to contact at NASA about being placed on
the orbit parameter mailing list. He was contacted again January 29, 1976
and said that about half of the January 10, 1975 tapes were on their way
'along with some hard copy of the data he had requested on his own be sent
to Met Sat. Also, he suggested we ask Dr. Velez about the orbit parameter
mailing list. At NOAA, R. Gurd demonstrated the mpabilities of their Man
Machine Interactive Processing System, the most impressive features being
the VTPR and NMC-based, large scale cloud height determination schemes.
M. Young, head of the winds section, offered some advice on cbud height
determination for severe storms applications.

Lastly, the quality of SMS data was investigated. J. Lienesch of
NOAA discussed the quality of IR data in particular, possible limb effects
in the IR, and data quality control done by NOAA. He also discussed his
experience in working with IR data as to land~ocean and cloud top contrasts.
He suggested H. Jacobowitz , also of NOAA, becontacted about limb effects
in the visible data. Dr. Jacobowitz said that such a study was being planned.
.As to the orbit parameters sent with the housekeeping data, Dr. Velez of
NASA said the beta values are relatively accurate and require only minor
corrections. J. Ellickson of NOAA said they will be working with NASA on
much improved and many more orbital pmteﬂ; being sent as housekeeping
data by the end of '76. He provided copies of two SMSA and B data manipulation
reports. ;
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Department of Physics
Ew Paso, Trxas 79008

March 2, 1976

. Commanding Officer
Atmospheric Sciences Laboratory
White Sands Missile Range
White Sands, New Mexico 88002
ATTN: Dr. Richard Gomez
RE: Contract DAEA 18-76-C-0019

Dear Dr. Gomez:

Attached is a short summary of the SMS Data processing system on which
Mrs. Weaver, Mr. Guard and I are working.

This report outlines our objectives, approach and to some degree the
flexibility that we are intending to put into the system. Before ‘2

c

get too far into developing this concept, I believe that it should be
reviewed by you and those personnel at the Atmospheric Sciences Laboratory
who are most concerned with the work.

Would you please advise me if our approzch is satisfactory for your needs.
Very truly yours,

Rufus E. Bruce

REB‘gla"
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SMS DATA PROCESSING SYSTEM

b — N

; - I. Overall Program Concept
A. Input Consideration
B. Projected Output Capabilities

c. Computational'Technique

II. Current Areas of Activity

Pt } Ab Pattern Recognition’
1. 1Initial programing, goals
2. Results of current testing
3. Further desirable capabilities

d B. The Registration Transformation
1. Direct geometric approach

‘ " a. initial’concept
b. diagram and equations
¢. result of testing

2. Eric Smith's registration program

III. Research In the Near Future

: A. Modification & Incorporation of Eric Smith's Work

B. Final Landmark Acceptance Criteria

C. Severe Storms Applications

i
f
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PROGRAM CONCFEPT

A system is proposed which processes SMS-GOES visible and Infra-Ped data
to be used in severc storm case studies and atmospheric radiation transmiszion
research.  Our support toward the overall system includes development oé soft-
ware for landmark registration, and subsequent registratkon and transformation
of desired data blocks based on known and calculated parameters. Presently
efforts have emphasized techniques for handling I.R. data.

This software is currently being written for and tested on the UNIVAC 1108
computer at WSMR. Consideration is being made during coding and documentation
to allow implementation of the final system on a PDP-11 with minimal difficulty.

Landmark registration will be automatic, with manual decision override
capabilities during critical stages of processing. Once a suitable number of
landmarks has been identified, control will enter a modified version of
portions of a program by Dennis Phillips and Eric Smitﬁ, where these landmarks
and satellite orbit parameter data will be used in calculating satellite
attitude parameters necess;ry for the final transformations. Final program’
output will include time sequeﬁced transformed data blocks and predicted
parameter values. Expansion of output capabilities to rough prediction.of

future satellite parameters will be considered at a later time.

23
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CURRENT INTERESTS

The aﬁtnmatic landmark recognitibn program uses a previously sectored
version of the original data tape. A user defined area from the tape is
stored, and coastal outline, cloud covered ;reas, and specific landmark
locations are calculated using temperature differentials as decision criteria.
These criteria are not extremely stable; time of day and seasonal variation,
as well as weather conditions greatly affect the reliability of results'on
any specific trial.

To ensure maximal accuracy, observed'brevailing conditions and anti-
cipated approximate coastal outlines of each landmark site are considered
in developing specific recognition criteria for each similar group of areas,
e.g. different approaches are applied for recognizing an island than for
finding a protrusion or indentation in an approximately verticél or hori-
zontal coast. Construction of a large table of potential landmarks is
lmportant to guarantee enough usable points for accurate registration.

Each site gzvigzag?fied by approximate location, and by area type (indicating
which recognition routine to use). Presently work is being done to analyze
yarious sets of landmark data in both the visible and the IR to eventually
develop a set of scan routingssuited for most landmarks encountered. A

few representative data cases in terms of temperature extremes are being

used in this development. towever, to effectively reduce the diurnal and
seasonal uncertainty, an on-going yearly study of land-ocean contrasts at
least twice daily is necessary.

Prndipted coastal outlines and landmark ldcations are visually displayed

on a hard-copy printer where manual confirmation of acceptability can be




made before further processing. This information can also be used later as

4 ~ @& check on the applicability of the recognition routine being used at each

r
N

site, and updating of the master list can be made where necessary.: The
capability for users to update the master list during processing will be
incorporated into the routine if this is found to be necessary to ensure
the écceptance of a large enough usable data set.
N,
Once such a set is identified, the approximate location tags of each
site allow the program to choose those landmarks from the identified set

that minimize later error in the calculation of transformation parameters.

For this decision, landmark separation, to be maximized for points equally

distant from the subsatellite point, and distance from the edge of the
; :

USRS R————E

observed earth disk, to be maximized for sets of points with equal separation,
are considered. A final set of landmarks is then output for user acceptance
or rejection.

Tests of existing software have shown that islands and previously
defined coastal outlines can he recognizéd for dala'collected under good
conditions: minimal cloud cover, and distinct land/water boundary temperatures.
For less-than-perfect conditions, further testing is necessary to emphirically '
e . determine optimal coastal recognition criteria adapted to anomalies 1n-

regions surrounding prospective landmark lifesf

An initial attempt was made to obtain necessary transformation para-

meters from a purely geometric standpoint. The transformation from earth

rcférence frame to photoéraph line and element was qualitatively correct, . ' ﬁ
_but accuracy was limited. This pyoecaure might be utilized to find fnitial
approximate search areas to be processed by the landmark recognition program

described above. The eonploxlty and nature of the inverse transformation

e
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made it unstable during computer testing, and the occurance of negative

radicals caused program termination in all cases attempted. This trans-

[ formation was, thérefore, insufficient for implementation. é
A more sophisticated approach to this problem is a result of work

done by Dennis Phillips and Eric Smith. Portions of their routine are

used by numerous other research groups in this field with adequfte results. 3

A copy of software in NASA's version of this scheme adapted to a mini-

computer has been requested. Two main procedures from this program are to !

b v,

be used in our system. The first utilizes various observed orbit parameters

and landmark registration results to compute satellite attitude parameters.
The other makes use of these values in the block data transformation. Final

output includes user requested transformed data and calculated parameters.

A long range satellite position predictive technique being worked on by
C.E. Velez and his group at NASA Goddard Space Flight Center and associates

at NOAA NESS has not had as good success but their progress will be noted.
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FUTURE PLANS

Those portioqs of Phillip's and Smith's program applicable to our
proposed system will be modified where necessary and integrated into our
program. Studies of the specific computational procedures used by Smith
will be used to determine the nature of an optimal decision function for
the ;cceptance of a final landmark set from those points successfully
identified. Tests invplving these areas will be comp;eted when a sufficient
table of‘identifiable prospective landmarks has been compiled. Also, the
possibility of incorporating a cross-correlation method of scanning, the
software for Vhic£ was provided by M. Crowe of NOAA NESS, to reduce scanning
error will be investigated. If the registration scheme developed is of

reasonable accuracy, it will be feasible to determine cloud top height and

monitor storm development in a severe storm case study.
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[This mathematical overview is to be used in conjunction with the D. Phillips-
E. Smith report "Geosynchronous Satellite Navigation Model" referenced in

the Bibliography to help clarify the report. All terms are identified in

the Phillips-Smith paper, as are the equations referenced.]

Equation (1) gives the position vector of the satellite in the earth
coordinate system.

The initial vector H (¢) cos arr (- tczc)/f;)
H®#)sin (arr(t-tc%c)/@)
@)

is a vector of magnitude H(t) (the satellite's altitude) lying in the
earth's equatorial plane. This vector is operated on by the matrix

1 ‘ ®) O
o cos (L) sin(I)
o -sin(T) cos(I)

which rotates the vector into the satellite's orbital plane.

The resultant vector is then operated on by the matrix

cos(Cam (¢-t )/}2) sin(ar (¢-t 7/P¢> ®)

t’Z( CZC

! —S;n(aﬂ‘(t'te[()/a) COS(R?T(t‘tezcv/B) (@)

@) @) i
which rotates the vector about the earth's axis by an angle of Q1 at
| R
Then the resultant vector is operated on by the matrix

cos (ERC) ~sin(&Qc) o
sin (EQC) cos (EQC) ©
o o i

which rotates the vector about the earth's axis through the longitudinal
angle. '




page 2

- Equation (3) gives the position vector of a landmark measurement
K, in polar spherical coordinates

e re cos 6, cos),

KL- = r' cose; sin)/

Y Sin 6

Where Satellite

¢ = Radius of earth at landmark i
6&; = Latitude of landmark i

A; = Longitude of landmark i

Since §(t) is the position vector
of the satellite, the vector Ci

to the landmark i from the satellite
may be written as

adh - it
C[ = KL. i fo{t) &
e -_
The unit vector in that direction is K- — St
o—T
(Equation 6) W - Sl

If the position §'(t) of the satellite is known for a time to, then the
unit vector may be found for a later time t by rotating the unit vector

at t =t , L W/
K; = S(t))
IE: = 3-( th through the necessary

angle.

This is done by operating on the vector with the matrix

Co's(s —t,.) 277'/[’5) - sin (.:IT“'Q)/P;) o
siw(arr(t—t,)/p’) cos (:rr/t—t,)/@) o
o o &

with equation (6) as the result.

e ——
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The transformation from satellite imagery coordinates (L, E) to an
earth reference frame is achieved by transforming from imagery coordinates
to the nominal satellite coordinate system and then transform from the
nominal satellite coordinate system to the earth's reference system.

Equation (27) gives the third column of the rotational matrix which
performs the transformation from the nominal satellite coordinate system
to the earth's reference frame. The resultant vector is the pointing vector
of the satellite spin axis in the earth's reference frame. The first
column of the rotational matrix is obtained by the Gram-Schmidt
Orthogonalization method. We have the vector KﬁB?s(t) (column 3 of the
matrix) and we have the satellite pointing vector S(t). Then using the
Gram-Schmidt method we can get the first column of the matrix Kﬁﬁ?&(t)

and equation (30) is the result:

e (( L - #ROT, (9)) AROT, ()
SKH g 3

Aeérl (¢) =

374D S® . zror ) ) Frer. (t)
30 (3w ©) 7

This is equation 30. The second column of the matrix is a vector perpendicular
to the other two so it may be obtained by taking the cross product of

—2 —

AROTS(t) andLARDTl(t) resulting in equation (31)
e FE—. " L g
AROT, t) = ARor; X AROTy ¥

The rotational matrix formed by these three vectors is given in equation (32).
Equation (33) is a rotational matrix which corrects for the misalignment

between the camera axis and the satellite spin axis.

N ——
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page 4

This matrix is used in equation (34) to get the pointing vector in nominal
satellite coordinates. This vector is rotated into a pointing vector in
earth coordinates using the inverse of the matrix in equation (32).

The intersection of this vector with the earth's surface determines an
earth coordinate vector. The remainder of the Phillips-Smith report

is mathematically straightforward.
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Iv 6 L

c

FEVFL
i

810
13

25
16

18

999

35

40
70
100

200
787

-~ o — - ~ v

ot MATN DATF = 76261 16702 /41

MAIN PAINGRAM

COMMON/XULANC/NULANC LAY, ICODFE(22),PTIME(32) o XL IN(32) 4y XFLLE(22),
FXLAT(32) , XLON(32) oDLIN(32) DELE(32),TIMEL(32)

CAMMON/SCANR/ZISC AN s NUMSEN,MNOPCLNy TOTLINZOYFGLINLRADL TN
1 yPICLINGZTOCTELE,DEGFLEZRANELEZPICFLEYySFyPITCH ,YAW,RNLL ySKFW,RNTM] 1
29ROTML3,PNTNZ]1,yROTM23,ROTM3] yROTM3I3 yRFACT yPNASIN,SDyCD,PDIR,PRAT

COMMCN/GDATA/PT,RCPCGyRFyAyByAByASQyBSQy ATMHGT y GRACON ¢ EMFGA, SOLSID
1 +SHA,IYR,yIHR ' ;

COMMON/NAVSLN/INAV,NAVN LANDN yNIToVMIT o NORB,NDAYoFLyFPLET,SPIN(3)

1 +RASCEN,DECLINySPINRA,TMPSCL,GTIMI16),BETA(16)¢BDDOT(16),NGAM(16)

COMMON/SYSCCM/ TITK,NL

PRINT 9 et s

FORMAT(//30X¢22H *%%x NAVIGATICN %% /)

ITK=1

PRINT 810

FORMAT(22X,'*%¥ NAVIGATION SOLUTION *%v)

IWD=1

GO TO (14+100,200),1%w0

CALL LOADMK

CALL LSORT(NLANC,PT IMEsXLINyXFLEyXLAT yXLON,ICODE)

NDAY=LNDAY

MID=(NLAND+1)/2

HOUR=PTIME(NID)

CALL GFTORB(LDAY,HOUR)

SPINRA=100.

TMPSCL=SPINRA/3600000.0

CALL PRFPOS

KBAND=1

CALL SETSCN(KBAND)

1JK=3

PRINT 999 ,1JKyPCLN,PICLIN

1JK=9

PRINT 999,1JK,PCLN,PICLIN

FNRMAT(1104+2E20.8)

NAVN=1

PRINT 135, NAVN )

FORMAT(18X, *&* SPIN ATTITUCE SCLUTICN ND, *,14,°" *¥ 0, /2Xy

1 'DECL INATION RT. ASCEN. CENTERLINE LANDMARK S SEARCH ITER
2ATICONS')

CALL SPINAX(LANDN 4DEC,RASPCLN,NIT,MIT)

PRINT 40y DECoyRASyPCLNyLANDNSNIT,MIT

FORMAT(2F12e59F6404* FIXED*yI79* USED*y164° TOTAL®y14, *TURNS *y4X)
DECLIN=DEC
RASCEN=RAS
PICLIN=PCLN
CALL PRESAT
CALL RESIDU
CALL GAMCAL ..
GO To 787
CONTINYE 5
CALL PREPOS

CALL PRESAT

GO TO 787
CONTINUE

GO TO 787

CONT INUF \

sTNp
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N IV G

LEVEL

20
21

21 FLTIME DATE = 76261

SURROAUTINT FLTINFUINT, IDAY,HOUR)

DIMEMNSION INT(4) 4MDAY(L2)

DATA MDAY/0,31459,90,120,151, 181.212o243.273o304o336/
fYyR=INT(1)/100D

MON=MNDD(INT(1), 100)

IF(MON,LE.12) GNTO &

JYR=(MNN=1) /12

[Y2=]YR+JYR

MON=MCN=12*JYR

IDAY= INT(2)/100

IDAY = IDAY+MDAY{(MON)

IF (MON.LT.3) GN TN 7

TFIMODITIYR,4).EQ0)IDAY=IDAY+]

INDAY=IDAY +1000#(]YR=T7Q)

HOUR = MOND(TINT{2),100)

FMIN= INT(3)/100

SFC = MOD(!NTta)olOO)

FSFC= INT(4)

HOYR = HOUR*(FMIN#(SECfFSECIlOOO0.0)/60.0)/60.0

PRINT 20

FOPMAT(//2Xy *FLTIME: IDAYFMIN,FSEC,SEC,HOUR?)

PRINT 21,y IDAY,FMIN, FSECoSEC.HOUR

FnRMAT(IZX.16,4F12 6)
RE TURN

M e o T

©
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LEVEL 21 TIMDIF DATF = 76261

FUNCTION TIMDIF(IYRDAL yHOURL,IYRNA2 ,HOUR2)

IY1=MOD(IYROAL/1000,100)
INL=MOND(IYRNAL,1000)
[FACLI=(1Y1=1)/4+1
D1=365"(IYLl=l)+IFACL+ICl=1
IY2=MIDITYRDA2/1000,100)
ID2=MAN(TYRCA2,1000)
IFAC2=(1Y2=1)/4+1
D2=365%(1Y2<-1)+[FAC2¢102=]
T1=1440.0*C1460,0*HOUR1]
T2=1440.0%N2460.0¥HOUR2
TIMDIF=T2=T]

PRINT 10

o~ - —

16702747

10 FORMAT(//2X,*'TIMDIF: IYRDAL yHOURL » 1YRNA2 yHOUR2 4D1¢D2,T1,T2,

LTIMCIF®)

. PRINT llolYRDAlpHOURlvIYRDAZsHCURZoDloDZleuTZpTlMCIF
11 FORMAT(/2Xy110¢F10e4911093E20.4+/2X¢3E20.4)

RETURN
END

s macaas o B SN SR
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6 LEVEL

21

FINCTION IRCUND(X)
IF(X)1y2,2
IRNUMN=X=0,5
RCTURN

IROUNN=0

RETYRN
TRAUND=X+0.5
RETUPN

FND

ITROUND

———

DATE = 76261

16702747

e
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LEVEL

(3 NaNe

aco

20

21

30
31

40

41

21 SATPNS

SURRNYT INE SATPOSINAVDAY, TIMFyXyYeZ)

COMMON/GDATA/ZPI yRDPNG, RE 9yAgByARyASQyRSQy ATMHGT y GRACNN,y EMFGA

+SHALTYR,IHR
COMMEN/ZSATORP/ INRA, IXNDe XFRyXTI(3 )y

COMPUTE MEAN ANOMALY

DIFTIM=TIVMNIF(IFCAY,EPHR yNAVCAY,TIVME)
XMANOM= XMMCYDIFTIM

ECANML=XMANCM

EPSILN=1.0F=8

SOLVYS FOR ECCENTRIC ANDMALY

N0 2 1=1,20 ;

ECANNM=XNMANCVM+CECCFN* SIN(ECANM])

PRINT 20

FORMAT (//2X%X *SATPOS: XMNC'XVANO"'ECANOM',
PRIMT 21 ¢XVMFCyXVANOM, ECANOM
FORMAT(/2X+3E20.4)

IF ( ABS(ECANNM=ECANM1) .LT.EPSILN) GO TO 3
FCANM1=FECANCM

CONT INUE

COMPUTE CARTESIAN COMPONETS

XOMEGA=COS (ECANOM )=0ECCEN
YOMFGA=SROME2% SIN(ECANOM)
XS=XNMEGA*PXeYOMEGA%QX
YS=XOMEGA®PY¢YCNEGA*CY
I1S=XOMEGAXPZ+YOMEGA=QZ

PRIKT ‘30
FORMAT(//2X*SATPOS s XOMEGA, YCMEGA ¢ XS9 VS 2 S* )
PRINT 31 yXCVEGA,YCMEGAoXS,YS,2S
FORMAT( /2X,SF15.7)

ROTATE TO GFAGRAPKIC COCRDINATES

THR=IHR

DIFTIM=TIMCIF(IYR,THR yNAVDAY,TIME)
RA=DIFTIMASCLSID*P1/720,000¢SHA
RAS=AMOD( RA 42.0#P1) : ,
CRA=CNS (RAS) ' v
SRA=SIN(RAS) : :

PR INT 40

FORH&T(IIZXo'SATPCS!DIFT!H.SPA.IO.RIS.CRA.SRA'l

PRINT 41,DIFTIM,SHA,RA)RAS CRA,SRA
FORMAT (/2X,6F2044)

X2CRA®*XSe SRAnYS

Y=2«=SRA* XSeCRA*YS

7=28

X1 (1)=xS

XI(2)=Y$§

X1(3)=7S

SLATSATAN(Z/SQRT (X*«»24Y*42))/RCPCG
SLON=ATAN2(Y,X) /RDPNG 38

DATE = 76261

16/02/47

SLAT,SLON,SHGT,ARTFS,
TENAY,FPHR,SEMIMA,OECCENoGRBINCy EMANOM, PERHEL ¢ ASNODE,
* XMMC,SROMF2,PXyPY4P7,QXyQY,0Q7
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?VFL 21 SATPNS DATE = 76261 L6702 /417
SHGT=SORT(X**24Y ¥ &247%%2)
PRINT 10
10 FORMAT (22X 'SATPCS:X9Y92ZeXI(J) WHERE J=193,SLAT,SLON,SHGT*)
PRINT 11oXoYeZo(XI(J)9Jd=193)oSLAToSLON,SHGT
11 FORMAT(/2X9y9F13.5)
RE TURN
t END

30
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AV G Lever cx ——————

! FUNCTION FLALO(M)
INTEGFR%4 M, N
1 IF(M.LT,0) GO TO 1
N=M
X=1.0
G0 TO 2
1 M==M
x=-l .0
2 FLALO=FLOAT(N/10000)+FLOAT (MODI(N/100+100))/60.0¢FLOAT(MOD(N,100))/
13600.0
FLALO=X*FLALC
PRINT 10
10 FARMAT(//2X, *FLALND: "'N'x.FL‘LO' ).
PRINT 114MyNyX,FLALO
"' 11 FORMAT(/2X,218,2F13.¢)
RETURN
END '

16702747
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21 ILALOD

FUNCTION TLALO(XCFG)

INTEGSR ®*4 TLALQ,IDEGIMIN,ISEC

IN=XDFG
IFIXDEG.LTeN0) 2N=w2N

FORMAT(//2X o *TLALO: XDEG, IDEGo2DyIN*oF13,.6,18,2F13.6)

FORMAT(//2X,*ILALOD:? HlNoZleN.IDEG.lLALO'o18.2F13.6.2!8)

DATE = 76261

41

2 IN¥FG=IN
IN=1DnKG
IN=(7N=7N)*60.0
PRINT [0y XDEGyIDEG.ZD 42N
i 10
MIN=ZN
IM=MIN
IN=(7N= M) *60.040.5
[SEC=IN
‘ ILALD=100004IDEG+100*MIN+1SEC
: JF(XDEG.LT.0.0) ILALC=<ILALD
! PRINT 204MIN,ZM,INyIDEG,ILALC
20
{ RE TURN
END . s g N A P e
/
A
:
i
B :
e .
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21 LOADMK DATE = T6261 16702747

SURROUTINE LOANMK

COMMNON/ XLAND/NLAND yLDAY, ICODE(22) 4PTIME(32) ¢ XLIN(32) 4XELE(32),
IXLAT(22) o XLCN(32)4DLIN(32),DELE(32),TIMEL(32)
COMMON/RUFFER/LMKNOLMKID, ITIME(4),LCODE
DIMENSION JDEY(25)

INTEGER Y4 LAT,LCANG

NLAND=LVMKNC

MDAY=32700

N=0

LMK IN==777

IF(LMKIN.EQ.=777) GC TO 200

PN 100 L=1,LMKND

READ 50, LMKNO,LMKID,yLAT, LGNGvXMPoXMLo(1T!ME(J’vJ=104’oLCODF
FORMAT(21342184,2F1062,515)
PRINT 77, LMKNDyLMKIDyLAT yLONG o XMP o XMLy (ITIME(J) 9y J=1,4),LCODE

FOPMAT(® LMK=',213,218,2F10. 2.5:5)
IF(LCODE.LT.0) GO TO 100
N=N+1

XLAT (N) =FLALC(LAT)
XLON(N) =FLALO(LONG)
XELE(N)=XMP -
XLINCN) =X ML

CALL FLTIME(ITIME,JOAY(N),PTIME(N))

IF(JDAY (N) LT.MDCAY) MDAY=JDAY(N) :

ICODE(N) =LCCOE*1Q0+LMKIO .. . .. .. ... .. A
CONT INUE | ' ' :
NL AND=N '

LDAY=MDAY vy el

DO 150 J=1,NLAND : ‘
PT!"E(J)-PTIPE(J)*ZQ.O‘(JDAY(J)-HDAY)
SOMYSNNE o e R e e e s G e B e
GO TO 250 &
LMKNC=9

LMKID=5

LCONE=0

DO 5 1=]1,4

CALL TESTMK

PRINT 40 . ;
FORMAT(//2X 9 *LOADMKSLMKNO L¥KIDy o LCODE ,ITIME(L) WHERE I=1,4°)
PRINT 41,LMKNO,LMKIDyLCOCE,(ITIME(I)yI=1y4)

FORMAT(/2X,718)
RETURN ... . ..
END :

o i s i A i st e B 3 ool g o . S S 41

42
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G LEVEL 21 TESTMK - - DATFE = 76261 16/02/417

SURRNUTINE TFESTMK
¥ . COMMONZ XL AND/NL AND ,LCAY, ICADE(32) ,PTIME(32) ¢ XLIN( 32) 4 XELF(32),
: LXLAT(32) o, XLCAE32) ,DLIN(32) yDELE(32), TIMEL(32)
LDAY=4212 :
NL AND=9
TLAT=14.65833333
TLON==1724416666T .
TIME=12.0
D0 20 1=1,NLAND
ICODE(T)=1
XLAT(1)=TLAT
XLON(1)=TLCN :
MIERRETARNINEN o e e
TIME=TIME+0.5
20 CONTINUE
XLIN(L)=5140
XLIN(2)=5088 0 o :
XLINC(3)=5041 ! | 5 , : £y i
XLIN(4) =5002 | : S : , . :
XLIN(S)=4972 : i ﬁ
XLIN(6)=4950 . : -
XLIN(7)=4936 ' ‘..
' XLIN(B)=49120
; XLIN(9)=4934 Al | \
R R A i e AR R e
XELE(2)=211440 !
XFLE(3) 211430
XELF(4)=11420
XELE(5)=11409
XELE(6) 211400
XELF(7)=211361
XELE(8)=11383
XELE(9)=11375 .
.. PRINT 30
% 30 FDRMA?(//ZX"TFSTMK:LDAY.NLAND.TLAToTLON'(XLAT(l) XLONCT ) PTIME(T)
LoXLINCI) o XELE(T) yWHERE I=1,9%)
PRINT 314LCAYyNLANDyTLAT ¢ TLCNy ( XLATET) ¢ XLONCI) yPTIMECT) o XLINCT),
1XELE(I)1=1,9)
31 FORMAT(/2X921892F104641CF8420/2X915F8024/2X ¢15F802+/2X15F8.2)
RETURN Gy ] -
e END . ‘ : : : , 1

e e e At

SR e B A TR

43
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5 LEVEL 21 LSORT _ DATE = 76261 \ 16702747

SURRNUT INE LSDRTINL,TJyA,8,C .o.xC)
DIMENSTON TJ([».A(I).P(l) Cl1)eClLIyICHY)
L=1
10 TK=TJlL)
MV =L
NN 30 K=L,NL
IFITIIK)GE.TK) GO TO 30
TK=T J(K)
MV =K
30 CONTINUS
TS=TJ(L)
] SA=zA(L)
T TR R T e SR S SR 8
. SC=C(L)
sn=piL) .
1S=1C(L)
TJ(L)=TK
AlL)=A(MY) ;
AlLY=RIMV) ot e
C(L)=CIMY)
DIL )I=D( MV )
ICIL)=ICIMV)
TJIMY) =TS
A(MV)=SA
B(MV) =SB
Ct My )=SC
D(MV)=SD
IC(MV)=]S
L=Lel
! IFtL.LT.NL) GO TC 10
i 7T RETURN _
END

AV S T

o \
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6 LEVFL 21 PREPNS DATF = 76261 16702 /47

SUBROUTINF PREPNS
COMMON/GDATA /PT 4RDPNG R yAsBoAB,ASQ BSQ, ATMHAT ,GRACIN, EMEGA,SNLS 1D
1 +SHAGIYR,IFR
COMMON/SATORB/ZIODRB I XD ¢ XHR ¢ XS(3), SLAT sSLON,SHGT,ARIFS,
1 TEDAY,RPHR,SEMIMA,NECCFEN,ORBINC , XMANOM, PERHEL o ASNODE ,
2 XMMC,SROME2 ,PXoPYoP2,CXoCY,0Q2
3 PI=3,141562¢€5
: RDPNG=P1/180.0
: R=6371.221
A=6378, 388
AE=K~B
ASQ=A*+2
RSQ=R%«2
ATMHGT=8.0
SNLSIN=1.00273791
EMEGA=PI#SCLS10/12.0
SHA=100, 26467 :
SHA=RDPDG*SHA .
T1YR=4001
IHR =0 :
GRACON=0.07436574
RE=A & :
XMMC=GRACCN#RE#® SQRT(RE/SEMIMA)/SEMIMA
. SROME2=SQRT (1.0=0ECCEN)I*SCRT (1. 0¢0ECCEN)
N=RDPDG*ORBINC
SC=SIN(O)
CN=COS(0)
P=RDPDG*PERHEL
SP=SIN(P)«SEMIMA , e i '
CPaCOSERIOROMERNg . . e tia ||
S=RDPDG*ASNODE ! ' ;
SA=SIN(S) ! - :
CA=CNS(S) i S
. PX=CP*CA=SP+SA®CO -
PY=CP*SA+SPCA*CC
= PZ=SP%SN e SO RO AR L A S e ) Ly
; CX==SP:CA=CP*SA* (N :
QY ==SP* SA+ CP*CA%CC l
02=CP*SnN
PRINT 10 _
10 FORMAT(/2X,¥PREPQSIEMEGA XMMCySRCNE29CyPySyPXePY,PZ,QX,QY,QZ*)
PRINT 20,EMEGA s XMMC y SROME29CoPsSoPXePYsPZsQAXs0Y9Q2
20 FORMAT(/2X ¢3F12.8,4F20444/2Xy5E20.4)

S Pt A

FERE v ———— S e

RE TURN
END v : :
R ; . —— e — - — o, ’!
' |
|
: ' 45 R |
N




VEL 21 LD DATE = 76261 16/02;47 !

FUNCTICN LD(IYR)

L.N=C

TFEMONETYR94).FQ.0) LD=1
RETURN

END

et A A b i
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21 PRESAT DATE = 76261 16702/47

SUBROUTINE PRESAT
CCMMON/SC ANR/Z TSCAN s NUMSEN yNNPCLNy TOTLINGZDEGLIN,RADLIN

1 oPICLINGTOTELEyDFGFLE yRADFLFyPICELEZFFyPITCH JYAWIRNLLySKFW,PNTML L

2/RNTML3,ANTMZ1 ROTM23,RNTM3]1 ,RNTV3I3,RFACT yRCASIN,SDsCDoPNDIR,PRPAT
CCMMON/GDATA/P T 4RCPDGCyREyAy E9 ARy ASQeyRSQy ATMHGT  GRACNDN, FMEGA,SNLSID

1 +SHALTYR,IHR
COMMON/NAVSLN/INAVoNAVN,LANDMoNIToMIT,NNRR sNDAYLELoEPLETH,SPIN(3)

1 yRASCFNJOECLINoSPINRA,TMPSCLyGTIM(16)4sBETA(L16),B00T(16)NGAM(16)
NEC=NECLIN*RDPNG
SINCFC=SINI(LFC)
COSDFEC=CCS(CFC)
RAS=RASCEN*RDPNG
SINPAS=SIN(RAS)
COSRAS=COS(RAS)

SP INAX=COSNEC*COSRAS
SPINAY=CCSOFC*SIARAS
SPIN(1)=SPINAX
SPINAZ=SINCEC
SPIN(2) =SPINAY
SPIN(3)=SPTINAZ ‘
CPITCH=RDPLCG*PITCH ‘ '

CYAW=RDPNG*YAW
CROLL=RDPNGYROLL
PSKEW=ATAN2(SKEW,RADL IN/RACELE)

PRINT S5 A : I
FCPMAT(//2Xy *PRESAT: DECyRAS,TMPSCL ¢PSKEW,SPINAX,SPINAY,SPINAZ®)
PRINT 64DECyRAS, TMPSCL ¢yPSKEW SPINAXySPINAY,SPINAZ
FOFMAT(/2X:1F17.8€)
STP=SIN(CPITCH)
CTP=COS(CPITCH)
STY=SIN(CYAW=PSKEW)
CTY=COS(CYAW=PSKEW)
STR=SIN(CPOLL)

CTR=CNAS (CROLL)
RNATMLL=CTR*CTP
ROTM13=STY*STR4CTP+CTY®XSTP
RAOTM21l==STR
"ROTM23=STY*C 1R
PROTM31==~CTR*STP
ROTM332CTY*CTP=STYXSTR*STP
REACT=ROTM2 % 24ROTM3I 3%%2
ROASIN=ATAN2(ROTM31,RNOTM33)

PRINT 10 .

FORMAT( 2X 4 "PRESATS SPIN(I) WHERE l-l.BoROTPIIoROTMIBo

I1ROTM21 yROTN23,RCTNF31,ROTMIZ?)

PRINTII,(S’!N(!)'llloJ)pROTFll,RUTPlJ.'OTPZIoROTH239ROTM31.
1NTM33 :

T R S

11 FNRMAT(2X,9F13.6)
o S SRR B T e BB S LR S
END
/
& . a— : PSSR 7 ; : X \ :
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21 B GFETORR DATE = 76261 16702747

SURRNITING GETCRA(LOAY,HAUR)

COMMON/ZAUFFER/KBRAND ,MDAY
COMMON/ZSATORPZIORB, IXD g XHR ¢ XS(3) g SLAT,SLNN, SHGT,ARIES,
LIFDAYEPHRy SEMIMAOCCCENyORRINC ¢ XMANCM,y PERHEL y ASNO DE
2XMMC o SRIMFE2,PXoPY4PZyQXeQYyQ2

I0RN==]

IFCINDRB) 10,70,30

1FDAY=4216

FPHP =0,.0

SFMIMA=42168.8¢

CECCEN=0.001207

ORRINC=1,920

XMANNM= 181,235

PERHFL=247.316

ASNODE=1SR.189

GO TO 70

READ 33, [EDAYyFPHR SFMIMA,OFCCEN,OPARINC, XMANOM, PERHEL 4 ASNODE
FORMAT(1647F15.6)

IENAY=MDAY

PPINT 65

FORMAT(//2X+*GETORB ¢ IEDAYoFPHRoSEMINAv0°CCFN ORBI NC 9y XMANOM, PERHEL
1+ ASNODE? )

PRINTS80, IEDAYoEPHRySEMINA ,CECCENy CRBINC,XMANOM,PERHEL y ASNODE
CALL EPOCH(IFDAY,EPHR,SEMIMA ,0ECCEN ¢ XMANOM)

PRINTSBO0, lFCAY.EPFRgSEMINAoOECCENoORBlNCoXMANOM.PERHEL'ASNODE
FOPMAT(SX9*ORBIT® 41647F15.6)

RETURN

END
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21 SFTSCN DATE = 76261 16702747

SURROUT INF SETSCN(KRAND)

COMMCM/ SCANR/ TSCAN vNUMSEN JNOPCLN, TOTL IN,DEGL TN ,RADLIN
L oPICLIM, TOTELE,NEGFLE \RANELEPICELEGFFyPITCH ,YAW,ROLL, SKFW,20THL 1
2,20TML3,ROTV214ROTM23,ROTM31,ROTM334RFACT4RNASIN,SD,CD,PNDIR,PRAT

COMMON/GNATA/PTyROPOGyREy Ay Py ABy ASQyBSQs ATMHGT y GRACON, EMEGA,SOLSID
1 +SHA,IYR,IHR -

AOPCLN=0

PREPAT=0.0

PREDIR=0.0

pchH=0QO

YAW=0.0

PNALL=0.0

SKFH=0.’)

PDIR=0.0

POAT=N,.0

SND=SIN(PDIR)

CP=CNSIPDIR) ,

IF (KRANC.EQ.2) GO TO 30

NUMSEN=8

o 7O 45

NUMSFN=2
GO TN 45

SENSNR=NUMSEN

TATLIN=1821.0%SFNSOR ,

DEGLIN=20.0 ,

TCTELF=1911.0*SENSOR

NEGELE=18.375

PICLIN=(TOTLIN+1.0)/2.0

PADL IN= ROPDG*CFGLIN/(TATL IN=1.0)

RANELE=RDPOG*DEGELE/ (TOTELE=1.0)

PICELE=(1.0¢TOTELF)/2.0

EF=RADELE/(2.0%F1) !

PRINT 53, KRAND, SENSOR ,TOTLIN,DEGLIN,TOTELE,DEGELE,PICLIN,SD

FNRMAT (/ 16H SCAN CONSTANTS. 415  92F13.14F13.49F13,1,F13.4,

1 2F13.1) :

1JK=1 _

PRINT 999,1JK,PCLN,PICLIN : 2

FORMAT(* PCLMNyPICLIN PRINT NO.*,17,2(1PG20.10))

RETURN

END

" g - i
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21 FPOCH NDATF = 76261
SURRNYTINE FPNCH(TETIMYEPHR,SEVMINA,CECCEN ¢XMFANA)
P1=3.141592¢5

nNPDG=P1/180.0)

RF=63714. 3889

GRACCNMN=0,074365T4

XMMC = GPACFN‘QQFT(DCISFNINA)'*B

XMANOM=PDPDG*XME ANA
TIME=(XMANCM=CECCEN*S IN(XMANOM) )/ (60.0*XMMC )

PRINT 20

FORMAT(/ /72Xy "EPICHE XMMC 4 XNAKNCM, XMEANA, TIME )
PRINT 21 4XVNMCyXNANCMy XMEANA,TIME
FORMAT(/2Xy4F15. 1)

TIME]1=FPHR

TIMF=TIMFl=TIMF

INAY=T [MF /24.0

PRINT 30,TIME, ICAY

FOFMAT( /2Xo "EPNCHS TIME JIDAY? 4 /2%XsF12.6,16)
‘F‘TIMF.LTOOOO, IEAY=IDAY"'1

TIME=TIME=24.0%10AY

FPHR=TI ME

XMFANA=0.0

PRINT 4Q,EPHP, XMEANA : :
FORMAT(/2X, 'EPNCH: EPHR ¢ XMEANA® 42X ,2F12.6)
TF(IDAY.EQ.0) GO TO 12

JYEAR=MON(IRTIMY/1000,100)

JDAY=MOD(IETIMY,1000)

JDAY=UDAY+ [CAY

IFUJDAY.LT. 1} GO TQ 5

JTGT=365+LD(JYFAR)

IF(JDAY.GT.JTOT) GC TO 6

GO T0 7

JYEAR=JYEAR=]

JDAY=365+LD(JYEAR)+JDAY

GO YO 7
JYFAR=JYEAR+]
JDAY=JDAY=JT0T
IETIMY=10002JYEAR+JDAY _
RETURN - \
END

’
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» LEVEL 21 SPINAX NATF = 76261 16/702/47

SUARNUT INE SPINAXINUMSPNsCECyRASyPCLNJNTI T MIT)
COMMOM/XLAND/ZNLARND GL DAY,y ICOCRFE(32)4PTIME(32 ), XLINE32),XFLF(32),
IXLAT(32) o XLONE 32) oDLIN(32) yDELF(32) o TIMEL(32)
COMMON/GTATA/PIJREPLCoP sAsB AR ASOyASQy ATMHGT s GRACOM,EMFGA,SOLSID
1 'SHA'IYQ"HR
: COMMON/SCANRZTISCAN +sNLMSEN NOPC LA, TCTLINGDEGLINLZPADLIN
3 1 ¢ PICLINGZTOTELEWCEGFLE RADELE ¢yPICELEWEF PITCH oYAWPOLL ¢ SKEW,ROTML 1
£ 2yROTMLI3ROTVN2L ROTVM234,RCTNM3] qRCTMIZ 4RFACT,RCASINGSCoCOyPDIR,PRAT
i 3 DIMENSION D(1S5)
DOURLE PRECISICN ZERCTyXLAM,S1452+S3,PARMLyPARM2,PARM3,SA,CA,SR,CH
19SPsCPyGAYGMyGLyG2¢G3 o XAy XByXP¢COSA9GR oGP
NRCYRLE PRFCISION OSQRT,CSIN,DCCS ] J
NEC=90,0 ! A
RAS=0.0 ’
PCLN=PICLIN
{ NI 2 1=1,15
¢ 2 C(1)=0.0
& NUMSPN=0 . !
DM 3 T=1,NLAND,
1CODEN=MOD(ICNCE(I)/100,10)
IF (ICNNDENAF.0.AND.ICCCENCNF,1) GN TO 3
NUMSPN=NUMSPN+1
FICTIM=PTIME(1)
SAMTIM=VTIME(PICTIM,XLINCI)oXELE(I))
FARRNT=EMEGA*SAMTIM
ST=SIN(EAFRCT)
CT=COS(EAPRCT)
PRINT 100y MEGA,SAMTIV, EARROT;ST cY
100 FORMAT(//2Xy*SPINAXSEMEGASAMT IMyEARROT ST CT* ¢/ 2X95€E20.5)
CALL SATPNS(LNDAY,SAMTIM¢XSAT,YSATHZSAT)
YLAT=XLAT(I)*RCPCG
YLON=XLON(1)*ROPDG
SINLAT=SIN(YLAT)
o COSLAT=CNS(YLAT)
SIMLON=SIN(YLON)
COSLCN=CQS (YLON)
. X=COSLAT*CCCSLCN
Y=COSLATXSINLON
! Z=SINLAT
] TANLAT=(SINLAT/COSLAT}*»2
] RR=SQRT((1.(F¢TANLAT)/(BSQ+ASQ*TANLAT))*AB
PPRINT 209X9Y9Zy TANLATRR
o 20 FORMAT(//2Xe*SPINAXS XoYoZ o TANLATRR? /2% 45F15.7)
X=RR%kX 2
Y=RR*Y
Z2=RR*>7 o
X1=X=XS AT
X2=Y=YSAT
X3=7=7SAT : s
XFACT=2]1 N/SCRT(X1¢*24X2%%24X3%2%2)
X1=X1¢*XFACT -
X2=X2*XFACT
X3=X3&XFACT
UX=CTAX|=STex2
UY=STexX1eCTHX2
W2=x3
YUIN=(XLINC T )=PCLN)2RADLIN
PRINT 304KFACT UXoUY UZGYLIN

g
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21 SPINAX DATE = 76261 16702747

30 FNRMAT (/72X *SPINAXS XFACT UXeUYUZ,YLIN®,/2X,5F13.5)

SIMLIN=STINIYLIN)
COSL IN=CQOSCYLIN)
NEL)=D(1)eux«*2
NE2)=N(2) +LX*UY
rE3)=N(Y)eUX M2
AN = A )Y S &)
DAL=l W )atyeeny]
NMo)=006)01y2%-2
DETY=0(T7)eUX*CCSLIN
C(R)=N(8)+UX*SINLIN
N()=D(9 ) +UY*COSLIN
DULO)=N(10)+UY*SINLIN
DEIL)=N(11)+UZ*COSLIN ;
D(12)=N(12)¢UZ*SINLIN ' |
DU13)=N(13)+COSLINRY2
NIE14)=D(14)+SINL IN**2
D(15)=D(15)+COSLIN®SINLIN
PRINTSO e B
FORMAT (2X y*SPINAXSX) g X2¢X3,C(J) WHERE J=1,15')
PRINT S51eX1eX2¢X39(D(J)yd=1915)
FARMAT (2X9y9F12.89/2Xy9F12.8)
CONTINUE : J
[F (NUMSPN.EC.0O)RETURN
IF (MUMSPN.EQ.1)GOTN13
NITLIM=5000
MITLIM=5G00
XLAV=0,01
’¢RQT=10F‘7
S1=0.0
S2=P1/2.0
'S3=P1/2.0
PARM1=0.5
PARMZIO.TS
PAPM3a=(, 5
N=]
I=0
J=0
I=1+¢1
IF(XLAM LT, ZERCTIGC TO 11
SA=DSIN(S1) 3
CA=CCOS (S1)
SBR=NSIN(S2)
CB=nCOS(S2)
SP=DSIN(S3)
CP=NCNS(S2)
GA=C(L)*CA*SA+C(2)*CRAY(2 0 CA*¢2m ], 0)¢N( )% (2. N¥CA*22m]),0) *SR=D(4)
I1*CAASA*CB*€2=0(5)*2,04*SA*CASBLCR=D(6 ) «SARCA%S P+ 2eD( T ) *CA*CP ¢D( 8)
2ACA%SP 4D (9 )*SASCBACP=D(10)*SA*CR+*SP+D(11)*SA*SR*CP=N(12)%SALSR*SP
GB==N(2)+*CA*SA«SB+N(3)*SA+CANCE=0(4) YCA**2«CB*“SB+D(5)*CA**24(2,0¢C
IB%4 2«1, 0)+0(E)*CA** 2 SBHCReN(9)+CASSBACP=D(10) *CA*SR*SP=D(11)*CA*C
2B*CP+D(12)*%CA*CR*SP
IFINOPCLN.EC.O.CR.NUMSPN.FQ.2) GC TC &
GP=D(T)$SAPSPeD(LI*SAYCPeD(9)*CA*CR~:SPeN(10)*CA*CR*CP+D(11) *CA*S A%
lsp:ﬂ;IZ)‘C‘¢SB*CP-Dl131*SP‘CP00114)‘SP'CPOD(lS)*(Z.O‘SP’*Z'l.OD
PRINT 60
FORMAT(2X, tSPINAXSGA,GB,GP?)
PRINT 61+ GAsGB,GF
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6
7

10

12
80

8l
13

GA=GA/GM

GR=GR/GM

GP=GP/GM

GO TO(8,10),N

N=2

Gl=GA

G2=6B

G3=GP

XA=S1

XR=S2

XP=S3

S1=XA=~XLAM*GA

S2=XR=XL AM*GR

S3=XP=XLAM&GP

IF(1.EQ.NITLIM) GO TO11

GD TO 4 ; .
COSA=G1*GA+G2*GB+G3+GP
XLAM=XLAM# (COSA*PARML+PARM?)
IF(CNSA.GT.PARN¥3) GC TC 9
S1=XA

S2=X8

S3=xp

J=Jel

IF(J.FQ.MITLIMIGO TO 11

GD T0 S

PRINT 70

FORMAT (2X,*SPINAXSCOSAXLAM® )
PRINT 71y COSAXLAM
FORMAT(2X42F15.7)

MNIT =1

MIT=y

SPAX1=DSIN(S1)
SPAX2=DCOS(S1)*DCCS(S2)
SPAX3=DCOS(S1)*NSIN(S2)
DEC=90,0=ATAN(SQRT(SPAX1**24SPAX2%%2)/SPAX3) /RDPDG
RAS=0.0
IFISPAX3.GT.0.99999999) GO TO 12
RAS =ATAN2 (SPAX2,SFAX1)/RDPCG
PCLN=PCLN=(S2=P[/2,0) /RACLIN
PRINT 80

FOPMAT(2Xs* SPINAXS CEC,RAS ,PCLN?)
PRINT 81y DECoRASPCLN

FORMAT (2X43F15.7)

CONTINUE

RETURN

END

_— R e~
F..I--IIl..IIII-IIIF-------q---v
|
21 SPINAX DATE = 76261 16/02/47 |
LORVAT(2X93F12.8) |
G TN 7 i
rP=0,0 5 {
GM=NSOPT(GAS*2+GB**24GP**2) §
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VEL 21 SATEAR DATE = 76261 16/02 /47

{
: SURFOUTINE  SATEAR(PTCTIM ,XLINXELE,XLAT ¢XLON, ITYPE,NFRR ,BETAIM, AET
f 100T,ATERAC)

('FATE RNC:(350,6)SATEARLFIN/NY
; SATEAR COMPUTES SATELLITE TNOR * EARTH COOR * EARTH EDGES * SUB PDINTS
T(O) IS NEFINEC TO BE CREFNWICH HOUR O OF NAVIGATINN
LATITUNDE RANGES FROM 490T( -9(Q SCUTH
: LONGITUDE RANGFS FRNM +18070=180 WEST -
g * Wk
- ; INPUT PARAMETERS
? Aviwe Ay ;
; PICITIM = PICTURE START TIME ( HOUR FROM T(O) )
! XLIN = SATELLITE COCRDIINATE ( LIANE )
: XELE = SATELLITE COORDINATE ( ELEMENT ) ‘
: XLAT = EARTH COCRCINATE ( CECREES LATITUNE )
XLON = EARTH COORDINATE ) DEGREES LONGITUDE )
ITYPE = 1 FAR SATELLITE COCRDINATE TO FARTH COORDINATE TRANSFROM
= 2 FCR FARTH CCORCINATFE TO SATELLITE CONDIMATE TRANSFORM .
= 3 FCR LEFT=RIGHT OBLATE FARTH EDGE ( XLAT = LEFT o XLON = RIGHT )
= 4 FCR SUB=PCINT ( XLIN=LINE , XELE=ELF, ,XLAT=LAT. o XLON=LON. )
=
E

$

|
%:

5 FNR ROTATION ANGLE ( XLIN = ROTATION ANGLE )
NERR= ERROR FLAG (=0 FOR NORMAL RETURN, = 2 THRU 9 FOR ERRNRS)
BETAIN = BETA ANGLE AT T(O) ( FLFMENTS )
‘ BETDOT = RATE CF CHANGF OF BETA ( FLEMENTS PFR HCUR ) !
¢ ¥ ATFRAC = .CLOUD FEIGKT COEFFICIENT ( RANGES FROM 0 Tn 1 ) |
| ITFR = [TERATICN COUNT |
! GAMMA = RETA AMGLE AT SAMPLE PCOINT TIME ( RADIANS )
SAMTIM = SANMPLE PCINT TIME ( HOURS FROM T(O) )
C.eTe MOTTFRSHEAD/CSC
Z13 0CT 1975

e N

CCMMCN/GDATA/PL1yREPCGyR ¢ApyBoABoASQ¢BSQeATMHGT  GRACON, FMEGA+SNOLSID
1 ySHALTYR,IER
o COMMDN/SCANR/ISCAN oNUMSEN yNIPCLN, TOTLTMDEGLINRADLIN
1yPCLN +TOTELEyCECELE)RANELEyPICELEGEFyPITCH,YAW,RNLL ¢SKEW,ROTMLL,
2RNTM13,ROTMZ1,ROTVM23,RP0OTM3] ,ROTNV33,RFACT,ROASIN,SD,CCePDIR,PRAT |
COMMON/NAVSLN/ INAV,NAVN,LANDN NIToMIToNIRANDAY,EL ,FPLETHSPIN(3Y, |
1 RASCENDFCLIN¢SPINRAGTMPSCLyGTIM(16)4BETA(16),RD0T(16),NGAM(16)
COMMON/SATVEC/XSATYSAT yZSATIHEIGHT ¢XVECL ¢XVEC2 XVEC3,THETA,
1AROT11, AROT12,AR0OT1I3,AR0T21,AR0T22,AR0OT23,AR0OT31,ARNTI2,AR0OT3)
i LIMIT=3 ¢
R e NERR=Q

BRANCH CM TRANSFCRM TYPE ‘ ~ : e |

——

GC TC (12499129999), ITYPE
INITALTZE FOR LATLCNG OR SUBSATELLITF PO!N* CALCULATION

XLIN=PCLN :
XFLF=PICELE ’
ITFR=0

COMPUTE TIMF DEPENNENTS PARANFTERS
12 SAMTIM=VTIME(PICTIMyXL INyXFLF)

GAMMA=RADFELE*(BETAINCRETNOT «SANTIN)
CALL SATCOR(ND‘Y.SAHYIMvGAMNA'SP!%}

ol Mieraait R T HRERERAIR 0o e —————

. :




ol SATEHAR DATE = 76261 16702/47

PRINT 1OGSAMTIMPICTIM,XLIN,XFLEyGAMMA,BETAIN,BFTDOT,SPIN

10 FNPMAT(//2X ¢ SATEAR: SAPIl”'PlfTIM'XLIN.XFLF.GAMMA +BETAIN,BFETNOT,

14
30

31

LSPIN® /72Xy 4E20.6,/2%,452046) -
CHFCK FCR TRANSFCRM NIRFCTION

GN TN(14,16,20,22,22),1TYPE

LR X F )

TRANSFORM FRMOM SATELLITE CONOORDINATES TO EARTH CONRDINATES
TR

catlL LATLCK(DTFRACvXLlNoXFlFoxLATvXLCN'NERR'

PR INT 30 '
FCAMAT (2X,*SE: XLAT'XLCN'NERP" S ' i
PRINT 31 XLAT,XLON,NERR

FORMAT(2X,42F15.7,18)

GO YO 77

‘e
4

AP NN

e o

T RT T prmm—

Cr (Y (i

16

40
41
17
50
51

18

TRANSFNRM FRCM EARTH COCRCINATES TO SATFLLITE COORDENATES

ITER=ITER+]

TF(ITER.GTLLIMITIGOTO 18

TFCITER GT.1) 6GOTO 17

LA R

COMPUTE EARTH COORDINATE VECTOR

Fhrdy

CALL VCLALO(ATFRAC,XLAT XLONJXE,YFE,2E,NERR)
PRINT 40

FCPMAT(2X,'EAPTH CODNR. VEC.: XEoYE,ZEJNERR?)
PRINT 41, XE,YE,ZE,NERR
FORMAT(2X,3E20.4,18)

IF (NFRR.GT.0) GOTC 77

CALL LINELE(XE¢YEoZEXLIN,XELE)
PRINT 50

FORMAT(2X,* LINELELS XLINSXELE?)
PRINT S1,XLINyXELE

FORMAT (2X,2F15.7)

GO TO 12

CHECK IF POINT IS OFF FRAME AND IF SO SET ERROR FLAG
TFOXLINGLT ¢1e00RXLINSGT.TOTLIN) NERR=4

JTF(XELE«LTele0JCRXELEGT.TOTELE) NERR=S
GO TO0 77

okt

EARTH ENGE COMPUTATICN
CCMPUTE PNINTING VECTOR IN SATFLLITE COORD!NATE SYSTEM AT FLEMENT O

SUBROUTINE HORIZON NOT USED
CONT INUE
60 10 77

e —

SUR=SATELLITE PCINT COMPUTATICA

IRAAER RAA KD
IFCITrU G LIMITI G0 TC /24

A

s
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’ s
, I e SATFAR NDATE = 7626) 16702747
CALL LINFLF(0.010.010.0XLINXELE)
PRINT 60
60 FORMAT(2X +* LINELE2: XLIN,XELE®)
PRINT 61y XLINLZXELE
61 FORMAT(2Xy2F15.7)
| Y en 10 12
i c
-~ § C COMPUTE SUB=SATELLITE POINT FROM SATELLITE PDSITION VECTOR
C
23 XULAT=ATAN(XVEC3/SQRT(XVECL**24XVEC2%*2))/RDPDG
XLON=ATAN2 (XVEC2,XVEC1)/ROPDG
PRINT 70
70 FORMAT(2X ' SUB=SAT PT.: XLATXLCN®)
PRINT 7Tly XLAT,XLON -
71 FORMAT(2X,2F15.7) ' !
IFLITYPE .EQ.4) GO TO 77
77T RETURN
END
i
Fi5 .
|
/
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' LEVEL 21 SATCOR DATE = 76261 16/02/47

SURPNUIT INE SATCCR (NCAY,SAMT M, GAMMA,SPIN)

SATOR UISES THE NAVIGATICN SOLUTICN (ORBIT,,SPINATTITUNE GAMMA)
TN CALCULATF THE SATFLLITE COORDINATE ROTATION MATRIX AROT
AT THE SAMPLF TIME, AND STRRE [T IN THE COMMON/SATVEC/

SG = SIN ( GAMMA ) :

CG = COS ( GAMMA)

EARROT = FARTH RCTATICN FROM T(0O) (PADIANS )

ST = SIN ( EARRQT )

CT = COS ( FARROT )

CeTe MOTTERSHEAD/CSC
10 0CY, 1975

COMMOM/GNDATA/P] yRDPDG 4R 9By ByAByASQyBSQyATMHG Ty GRACONFMEGA ,SOLSID
& ,SHA,IYR,IHR
COMMON/SATVEC/XSATyYSATZSAToHEIGHT ¢ XVEC]1 ¢XVEC2,XVEC3,THETA,
*ARCT 11, ARNT 124 AROT13,AR0T21,AR0DT22,AR0T23,AR0OT31,AR0T32,ARQT33
DIMENSICN SFIN(3) .
SG=S IN{GAMMA)
CG=CCOS(GAMMA)
PRINT 30,GAMNA,SG,CG
30 FOPMAT(//2X,*SATCNR: GAMMA,SGyCG*y/2X93E20.8)
FARRQT=FENEGA*SANT IM
ST=SIN(EARRQT)
CT=CNS(EAPROT)

RFPOINT SPIN AXIS AS FUNCTICN CF PRFCESSION

SPAX1=SPIN(1)

SPAX2=SPIN(2)

SPAX3=SPINI(3) ; :

CALL PRFCES(SANTIN'SPAXI'SPAXZvSPAXB)

* CCMPUTE DISPLACEMENT VECTOR FROM NRBIT !NFORMhTION ( KEPLERTAN MODEL )

CALL SATPOS(NDAYSAMTIM,XSAT,YSAT,2S5AT)
PRINT 50 0 S e s A e
50 FORMAT(2X,*PRECES SATPOS: SPAXL,SPAX24SPAX3 XSAT ,YSAT,2SAT?)
PRINT 51y SPAX1ySPAX2ySPAX3¢XSAT,VSAT,ZSAT
51 FﬂRPAT(ZXo6F¥5.7’

CCMPUTE UNIT POINTING VECTOR

HEICHT=SQRT(XSAT#92+ YSAT*%247SAT4%2)
XVECL1=XSAT/FEIGHT

XVEC2=YSAT/KFEIGHT

XVEC3=7SAT/FEIGHT

THETA=R /HEIGHT

COMPYTE NCMINAL SATELLITE POSITION ROTATIONAL MATRIX

APNT31=CT“SPAX1+ST#SPAX2
ARNT32==ST*SPAXL1¢CTISPAX2

AROT33=5SPAX3)

CNSA=XVFC 1*AROT 31 ¢XVEC2*ARNTI2¢XVEC I*ARNT I
YVFCL=XVICl=CNSA*ARNT I
YVEC?2XVFC2=COSA*ARCTI2

YVFC3sXVEC 3=COSA®ARNT I

I ——

g A
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FveL 21

B S

SATCOR NDATFE = 76261 16702747
YNORE =L . O0/FQRTINVECI*$20YVIC2¢% 26 YVFLI*%2)
PRINT 40
40 FOPMAT(//72Xs*SATCOR: EARRCT,HFIGHT sSAMTIM,CNSA,YVECL ,YVEC2,YVEC3,
LYMORY)
PRINT 41 JFARRPT (HETGHT,SANT IM,CNSA,YVECL, YVEC2,YVEL 3, YNnR
41 FNNMAT(/2X,8F13.%)
ARCTLIL=YVECLYYNNR | ; ‘ i
ARNTL2=YVEC2«YNNR
ARNT]13=YVFC3%YNOR
ARNT21=ARCT32%ARCT13=AROT32% AROT ]2
ARNT22=A0T3I3*ARCTL1=ARCT3L*ARDTL3
ARDT23=ARNT 314 APNT12«=ARNT22*AR0OT11 :
ARNT=AROT1Y 3 : SEle s S
ARDT 1 1=ARDT*(G=SG*ARGT2] i
ARNT21=ARNT*SG+CG*ARQOT21 i
ARCT=AROT]L2 i
ARNT12=ARNT$CG=SG*ARNT2?2
ARNT22=ARCT*SG¢CG«ARCT22
AROT=ARQT]2
ARNT13=ARPNT*+CG=SC*ARNT 22
ARNT23=ARCT*SG+CG*AROT23
PRINT 60 !
60 FORMAT(2X,*SATCOR: ARNT11,AROT12,AR0OT13,AR0T21,AROT22,AROT23 i
1,ARNDT31,AR0T32,AR0T33?)
PRINT 61+ARCTL1,AROT12,AROT13,ARCT21,ARNT22,ARNT23,AR0T3L, a1l
1AP0T32,ARCT33
61 FORMAT(ZX.‘)F!B.&) !
RETURN , !
END ’ ; ;
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21 LATLON DATE = 76261 ‘ 16702747

1 )

SURROUT INE LATLONCATFRAC ) XLINoXFLF ¢XLAT yXLON NFRR)
COMNON/ZGNDATA/PToREPDGIR 4 AsRgAB ASQyRSQ,ATMHGT ,GRACAN, FMFEGA , SOLSTD
* 9SHALIYR,THR

CrMMAN/ SCANR/ISCAN s NUMSEN JMOPCLN, TOTLIN,DFGLIN,RADLIN
LePICLINGTNTELE s NEGFLEJRANFLFyPICELEYEFyPITCH,YAW,ROLL o SKFW,2NTML L,
*ROTML3,ROTVMZ219yROTM23,RNTM3L 4RNTNM33 (RFACT JRCASIN,SNH,CNyPOTIP,PRAT
COMMON/ZSATVEC/XSAT YSAT G ZSAT o HEIGHT ¢ XVFC 14 XVFC2,XVEC 3, THFTA,
*ARNTL1,ARNTLI2,AR0T13,AR0T21,ARCT22,AR0T23,APOT31,AROTI2,ARNT33
YLIN=(XLIN=PCLN)*RADLIN

YELE=(XFLE<PICELE)*RACELE

SINLIN=SINIYLIN)

COSL IN=COS(YLIN)

SINCLF=SIN(YELE)

COSELE=COS(YFLF)

COMPUTFE PCINTING VFCTOR IN SATELLITE COORDINATE SYSTEM AT ELCMFNT O

ELT=RCTM]11+¥COSL IN=ROTM13*S INLIN
EMI=RDOTM21%COSLIN=ROTVM23%SIANLIN
ENT=ROTM314COSLIN=RNTM3I3«SINLIN

ADJUST POINTING VECTOR FOR ELEMENT COUNT

FLT=COSELE*ELT +SINELE*ENT
FMI==S INELEAELT+COSELF*EM]
FNI=ENI

COMPUTE POINTING VECTOR IN EARTH COORDINATE SYSTEM
ELO=AROT11#FLI+ARCT21#FMI +AROT3]1*FNI
ENC=ARNT12+4FLI4ARQT22*FMI4AFNTI2*FNT
ENN=AROT13#FLI+ARCT23*FNMTI4ARQOT33*FNI

PRINT 10

“10 FORMAT(//2X,'LATLONS YUINGYELE,FLTEMT ENTFLI,FMI,FNI,ELO,EMD,

11

1ENO?Y)
PRINT lleLlN'YELE'FLIoE"lo‘NloFLlQFHIvFNloFLOvEFO'ENU
FOPMAT(/2X¢11F10.3)

ADJUST FOR CBLATENESS OF EARTH SPHERE AND CLOUD HEIGHT

s

CLOHGT=ATFRACFATMHGT

AHGTSQ= (A+CLCHGT ) **2

BHGTSQ=(B+CLLCHGT ) **2

BASQ=RHGTSQ/AHGTSQ

CNEMSGC=]1.,0=EASQ

AQ=RASQ4CNENSQ*ENC**2 :
BQ=2,0¢t(EFLO*XSAT+EMOPYSAT)*RASQ4ENNSZSAT)
CO=(XSAT#R24YSAT#42 )¥PASCe2SAT452=BHGTSQ
RAD=AQ* * 2=4,0*AQ*CQ

CHECK IF POTIT IS CFF EARTH ANC IF SC LET REJECTION VALUES
IF(PAD.LT.1.0) GO TN 32
FIND PNOINT ALONG POINTING VECTNR INTERSECTING EARTH SURFACE

S==(RQ¢+SQRT(RAD)I/(2.0%AQ)
X=XSAT+ELQe*S

I _59_.__..__..”——. e s S, R TN ‘—“T_‘--ﬂ
\
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Vrut My i : LATLON NDATE = 76261 167027417
! '

Y-YSAT+EMNS
7=7SAT+ENO*S
PRINT 20
20 FORMAT(//2Xs'LATLON: CLDFGTsRASQyAQsBQyCQIRADyS9XeYo2')
PRINT 21 ,CLEHGTBASCyAQsBCoyCCyRAC)Se XYyl
21 FNRMAT(/2X,10F11.4)

CONVERT TC EARTH COCRDINATES : .

nOoN

XLAT=ATAN(7/SQRT (X*®24Y#%2))
XLON=ATAN2(Y,X)
XLAT=XLAT/RDPDG
SLCNSREONIROERG. - o 0 e i
GO TO 40
32 NFFRR=2
40 PRETURN
END

60 : ;

i
-
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21 PPECES DATE = 76261 16702747

SURRNUTINF FRECFS (SAMTIM,SPAX1,SPAX2,S5PAX3)

COrMNN/ZSCANR 2T SCAN o NUMSEN ¢yNOPCLNoTCTLINGDEGLIM,RADL IN
1 ePICLINGTOTFLELCEGFLFLRANELEWPICFLE yFFoPITCH oYAW,ROLL ySKFW,RNTM]L ]
2:ROTML3,ROTM2] yRCTM234RCTM31 ¢ROTM33RFACTsRCASINGSCyCO,PDIR,PRAT
IF (PRAT .%Q.0.0) GO TO 10

PTOT=SAMT [M*PRAT

SA=SIN(PTONY)

CA=COS(PTAT)

X1=SQRT(1.0/(1.0¢(SPAX1/SPAX3)*%2))

Yi=0.0

Il==(SPAX1*X1/SPAX])

X2=SPAX2*71

¥2=SPAX I+ X1=-SPAX]1*21

72==SPAX2+X1

X1=Ch*Xl¢SD*X2

Y1=CNxYL+SN4Y2

Z1=CN*71+S0C*22

PRINT 20.X1sY13Z14X24Y2922

FCRMAT(//2%y "PRECES: X19Y19Z19X29Y2922%9/2%X96F15.7)
SPAX1=CA%XSPAX1¢SAeX]

SPAX2=CA+SPAX2¢SAtY]

SPAX3=CA®SPAX3+SA*Z]

RE TURN

END
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G LEVFL 21 L INFLF NATE = 76261 : 16702 /41

SURRNYTINFE LINFLF(XFoYE7F 4 XLINyXFELE)
COMMON/ SATVFEC/XSAT o YSAT y7ZSAT HFIGHT ¢ XVECL ¢ XVEC2 4 XVF( 3, TH=TA,
*AROT11,AROT129ARCTLI34AROT214ARNT229ARNT23,ARNT 31,APNT32,APNT 33
COMMON/SCANR/ZTSCAN ¢+ NUMSEN ¢NOPCLN,TOTLIN,DEGLIN, PADL IN
*yPCLN G TOTELEyCEGRELF yRANDELFyPICELEyEF4yPITCHyYAW)ROLL 9 SKFW,ROTMLL,
*RATMLILPOTN2L,RCTN23,FCTM3L yROTNV3I3yRFACTyROASINGSDyCO,PNIR,PRAT
Y1=XF=XSAT
Y2=YF=YSAT
Y3=76E=LSAT
YFACT=1.0/SQRT(Y]1¥*24Y2%*24Y24%2)
YL=Y1*YFACT
¥Y2=Y2*YFACT
Y3=Y34YFACY .
X1L=4POTL1*YL+ARCT12%Y2+ARCT13*Y3
X2=APNT21«Y1+ARNT22*Y2+ARNT23*Y3
X3=ARPOT2] *Y14A2NT32+Y24ARCT33%Y3
UMV=ATAN2(X3,SQRT(RFACT=X3%%2) J=RCASIN
XLIN=PCLN=UMV/RADLIN
SLIN=SIN(UNV)
CLIN=COS(ULMYV)
U=ROTMLL*CLIN#ROTM13%SLIN
V=ROTM21*CLIN+RCTNM23ASLIN
PRINT SyUysVyUMY ,
S FOPMAT(/2X, *LINELE: UysVoUMY?,/2X,3E20.8)
TF(V.FQ.0.0) GC TO 6
UV=ATAN2(V,U)
GO YO 7
6 Uv=0.0
T UMV=UV-=ATANZ2({X2,X1)
XELF=PICELE+UMV/RADELE »
PRINT 10 ‘
10 FORMAT(//2Xy*LINELE: YFACT,Y1lyoY29Y39X19X29X3,UMV,U,V?)
PRINT L19YFACToY19Y¥29Y39X19X24X39UMV,U,yV
, e 11 FORMAT(/2XyTF11449/2X¢43E20.8)
; RETURN
END

o

©
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LEVFL 21 ; VCLALQ DATF = 76261 16702747

SURRNYT INF VCLALDUIATFRAC ¢ XLAT o XLCNyXEoYE,ZE,NFOR)
CREATE RADN=(350,6)SATPAK,FTN/NV

XEGYELIF = COMPCNENTS OF EARTH COORDINATES VEC TOR
YLAT = XLAT CCNVERTEN TN RACIANS

YLON = XLCN CONVEPTED TO RADIANS

SINLAT SIN ( YLAT )

CNSLAT CCS ( YLAT )

SINLON SIN ( YLON )

CNSLON CNS ( YLON )

C. To MOTTERSHEAD/CSC

OO D

CCVMCON/GDATA/PI4RCPLCCyRyAyByAByASCyBSQyATMHGT, GRACON,EMEGA , SOLSID
* ¢SHA,TYR,IHR

COMMCN/SATVFC/XSAT, YSAT.ZSAT.HEIGHT.XVECI.XVFCZ:XVECB.THFTA.
*AROT11,AROT12,AR0T13,ARDT219 ARDOT22,AR0T23,AR0T31,AR0T32,AR0T33
YLAT=XLAT&RCPDG

YLCN=XLCN*RCPCG .

SINLAT=SIN(YLAT)

COSLAT=COS(YLAT)

SINLCN=SIN(YLON)

COSLCN=COS('YLON)

X=CNSLATS*CNSLON

YsCOSLAT*SIALCA

Z=SINLAT

CHECK IF POINT IS CUT OF SATELLITE VIEW AND IF SO SET ERROR FLAG

TFOIXEXVEC14Y#XVEC2+ Z¥XVEC2).LT.THETA) NERR=}

OO0 OoOD

ADJUST FOR cacnreﬁesﬁ OF EARTH SPHERE AND.CLCUD HEIGHT

TANLAT!(Slﬁth?lCCSLAT)**Z

« RR=SORT((1.04TANLAT)/(BSQ+ASQ* TANLAT))*AB+ATFMHG T*A TFRAC
XE=pR*X
YE=RR*Y
| e sl SO P A T TR LR e (e e T AR v EEN
RETURN { i
END

L ]

63




LEVEL

10

21 VTINvE DATE = 76261 167027417

\

FUNCTION VT IMF(P'ICT M, XL INJXFLF)

COMMNN/NAVSIN/TAAVINAVYN,LANCA, N]T,FIT.NORH,NPAY,EL,Fp,cr,qp[N(3',
1 RASCFN,DFCLINySPINRA, rMPS(L.thV(tb).BFTA(le) ADOTIL16) s NGAM(16)
COMMON/ SCENR/Z TSCAN s NUMSEN ¢NNPCLN, TOTLIN,DEGL IN,RADLIN
W PICLINGTOTFLEWDEGFLE 4R ADF LR, PICFLEZEFe PITCH Y AW,P0OLL,SKFW,ROTML 1,
*ROTM13,PNTN21,ROTM234ROTM2],ROTM23,RFACTROASIN,SD,FD,PNIR ,PRAT
TLIN=XLIN®O.5

PARLIN=(ILIN=1) /NUMSEN

PAPELE=(XFLF=]1.0)*FF

FRAMET=TMPSCL* (FARLIN®PARFLT)

VT IMF=P ICTIN4FRAMFT

PRINT 10,PARLIN,PARELE,FRANET,VTIME

FORMAT(//2X4* VTIME ¢ PnRLlu.PARELE.Fnaner.vr1MF-./zx.atzo 8)
RETURN

END




-
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21 RESINU NDATFE = 762¢1 16/702/47

SURROUT INF ARFSITY
CCMMON/CSYSOCCN/ 1T AL
COMMONZ XLAND/NLANDGLDAY o TCOPE(32) yPTIME(32) o XLINC32) 4 XFLF(32),
LXUAT(32) 4 XLONC32),CLINC22),0DELTA(32),TIMFL(32)
COMMON/NAVELN/ZTNAVoNAVA GLANDA G NTIT o MIToNNKHByNOAY, ELy FPoET,SPIN(3),
1 RASCENGNFCLIN,SPINRA,TMPSCLGTIM(16)4RFTA(L16) ,ADUT(16) NGAM(L6)
NIMENSICN NUM(16),2VG(L6),VAR(L6)
GAMA=(),0 ;
GNCY=0.0
ATFR=0,.0
PO 10 L=1,1¢

NUM(L)=0

AVG(L)=0.0

VAR(L)=0.0

10 CONTINUF

17

18

37

23

4n

47
50

LMAX=]

PRINT 17, NCAY

FORMAT(/ /720X, 4BHLANCMARK RESICUALS AT ZFRND GAMMA SHIFT FOR DA
1TE v16) 5

PRINT 18 ;
FORMAT(2X,110H LMK RETURN TINE(HNMS) LATITUDE LONGITUDE MFEA
1S.LINE CALC.LINE LINE ERR MEAS.PIXEL CALC.PIXEL DOPIXFL)
SUMSQ=0.0

7LS0=0,.0

PRINT 37 i

FNRVMAT(16X,* LANDVARK FESICUALS AT ZERO GAMMA SHIFT*4/2Xe ' LMK GMT
1 LATITUDE LONGITUDF  CALC.LINE, ERROR CALC.PIXEL, SHIFT RET')
DN 50 [=1,NLONC

PICTIM=PTIME(])

TIMFLUI)=VTIME(PICTIM XLINCI )y XELE(T))

NFEeR =0 : {

MSER=10

CALL SATEAR(PICTIM, YL INoYELE ¢XLAT(TI) ¢ XLDONIT) ¢2,NFRRyGAMA,

1 GDQT 4,ATFR) e JETEeY R

IFINERR GTL0) MSER=20

DELTA(I)=YFLE=XELE(T)

DLINCI)=YLIN=XLIN(I)

PRINT 23, T4MSER,PTIMECT) o XLATITI) g XLONCT Py XLINCT) o YVLIN,OLINCED),
1 XELE(I),YELE,DELTA(T) .

FORMAT (2Xo1492X9 T4y 3F12.596F1243)
ICONEN=MAB(1COCE(11/7100,10)

IFCICODENLNF L0 AND.ICCCEN.NES1) GC TO 40

SUMSQ=SUMSQeDELTALT )*DELTALT)

ZLSC=ZLSG+CLINCTI*CLINCT)

LMK=MOD(ICORE(T) ,100)

[FILMK LT o0 OR LMK GT.22) LMK=]

AVG(LMK) =AVGILNMK) 4CLIN(T)

VAP (LMK) =VAR(LMK) ¢DLIN(T)e*2

IF(LMK . GT.LMAX) LMAX=LWMK

MUM(LMK) sAUM(LVK) 41

PRINT 47, ToPTIMECT) oXLATET) oXLCNCT) oYLINJOLINCT ), YELE,
1 DFLTA(T ) NERR

FORMAT(I6¢FT7e¢2¢2F10.334F20.4414)

CONT INUFR,

FNUPV 2L ANDN

TMS2SQRT(ZLSQ/FENUM)

RMS= SQRT (SUMSQ/ FNUM )

PRINT ST,RMFSEH2ZNMS

4
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éFVEL 21 PESTINU DATE = 76261 16702/47

ST FOAMATIIAH  ANMS PIXEL FRR= ,FR,2,16F RMS LINF FRR= LFAR,2)
PRINT G1,7MS .

- 61 FORMAT(® SUMMARY NF SPIN ATTITUNE FIT: OVFRALL RMS LINE ERRNR=?

5 1 +F0.2,8X) :

: N S0 LMK=1,LMAX
: IF (MUMELMK) LECLO) GO TN 90
H FNUM=NUN(LVK)
j NLAV=AVG (LMK) /FNUM
E : VSC=VAR(LMK)/FAUMCL AV#*+2

! VSQ=SQRT(VSQ)
PRINT T71le LMKyCLAV,VSQyNUNMILMK)
Tl FORMAT(" LANDMARK® , 14, " MEAN LINE ERROR=*,F8,2)%¢/=%,F8,2'yON, *,
' 1 T4, IMAGES.*ySX)
¢ 90 CCNTINUE

EL=ZMS
RETURN
END
| R s e S e #
.
é
: L1 R s 6 S 2
v. R
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! |
gstrL 21 GAMC AL DATE = 76261 16702747 |
¢ : {
¢ SURRNUT INF GAMEAL I
‘ COMMEN/XL AND/MLANE LAY, JICCNE(22), PTIMZ(32) o XLIN(32) o XELF (321, !
; IXLAT(32)  XLON(32) (DLIN(32) ,DELF(32), TIMEL (32) '
] COMMON/NAVSLN/ TNAV  NAVN s LANON o NTT,MIT JMORR JNDAY,EL s EPET oSPIN(3) , ¢
; 1 RASCEN,DECLIN,SPINRA,TMPSCL,GTIM(16),BETALL16),BNNT(16) NGAM(16) ‘
CALL GCODER 9
RETURN {
END |
Q i
B :
; !
: |

HURDCURR———

i °
i -
i ‘ )
;
%
‘,__”
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L 21 GSHIFT DATE = 76261 16/702/47

SURROUT INFE GSHIFT(NUNEAM)
COMMON/Z XLAND/NLAND oLDAY L ICONE(32) 4,PTIME(32) XLINE32) JXFLF(32),
IXULAT(I2 ), XLON(32),CLINC22),NELF(22),TIMEL(32)
COMMON/NAVSLANZTNAVONAVA LANCAN NIT,MIT, NORB,NOAY, L, FP, ET,SP IN( 3),
1 RASCUNGDECLINGSPINRA,TMPSCL yGTIM(16) yBETI(16),BETD(16) NUMG(16)
INAV=1 :
NUMGAM=0
. ISTART=]
IFLISTART.GT.NLAND) GC TO 6
SUMG=0.0
SUMGT=0.0
- SUMT=0.0
| SUMTSQ=0.0
T Num=0 ‘
t N=Q ' |
L NN S [=TSTART,NLAND
. IF(1NF.ISTART) GO TQ 12
. PTIM=PTIME(])
- ICODEN=MODIICNDE(I)/100,10)
ICODEG=NMCO(TCCOE(I)/1000,100)
IFCICONEN.NE.0.AND. ICCDEN.NEL2) GO TO 2
NUM=NUM+ |
GAMMA=DELE(T)
SAMTIM=TIMEL(T)
SUMG=SUMG+GAMMA
SUMGT=SUMG T+GAMMASSANTIV
SUMT=SUMT+SAMTIM
SUMTSQ=SUNTSC+SANTIN®EY?
PRINT 40
FORMAT (2Xy "NUM 3 CAMMA 4 SAMT IV, SUMG , SUMGT y SUMT , SUMTSQ")
PRINT 41 yNUNM,GAMNA,SANT IM,SUMG,SUNGT 4 SUMT, SUMTSQ
FORMAT(2X¢18¢3E20.49/2%+3€E20.4)
. IF(I.EQ.NLANC) GO TN 20
| NCODF=MON(ICONE(I+1)/1000,100)
! IF(NCNDE.FQ.ICODEG) GO TO 5
N=t
TF(NUM.EQ.0) GO TO 10
NUMGAM=NUMGAM+ 1
GTIMINUMGAM) =PT M
NUMG ( NUMGAM ) =NUV
IF(NUM.GT.1) GO 7T 4
BETI(NUNGAN)=GAVMMA
BETD(NUMGAM )=0,0
60 TN 10
XNUN=NUM
NENOM=XNUM* SUMT SQ=SUMT*»= 2
BETT(NUMGAM ) =(SUNTSQ*SUMG=SUMT *SUMGT ) /DENOM
RETD(NUMGAM?’!XNL#*SUPGT-SUNG*SUNT)IDENCH
PRINT 50 : ; 5
FORMAT (2X 4 *GSHIFT XNUMZCENNV L, BETTI,RETDY)
PRINT 51, xNUM;DENOH.BETl(NU"GA#’vBETO(NUPGlP)
FORMAT (2XeIB8¢3F15.7)
GO TO 10
CONT INVE
ISTAPT=Ne 1
rn 10 1 ‘
PETUEN PRl
END . 68
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» LEVEL 21 GCODFR DATE = 76261 167/702/47

IRNEE o an S Y S

SUBRNDUTINE GCNNER

COMMON/SYSCOM/ 1TK,GNL

COMMON/ XLAND/NLARD yLDAY o TCNCE(32) 4 PT IME(32 ), XLIN(32) ,XELF(32),

: IXUAT(32)3XLONC22)oDLIN(32) oNELF(22),TIMFL(32)
: COMMON/NAVSLMZ INAV o NAVA LANDNy NIT MIT,NORASNDAY, ELoFP,FT,SPIN(3), |
1 RASCEN,DECLIN,SPINRA,TMPSCLoGTINIL6) ¢BETI(L6),PFTDIL6)yNUMG(LSH) : |

CIMENSICN BFIT(32)4ROLND(32)4RNFWI22)4IMIDI32)oLMKING32),1WD(16)

DIMENSICNRMSU16) 9 JCCCE(32),LAST(16)

INTEGER*4 [TIME,ILALO |
= ¢ ALP = 20 i
¢ FP=0.,0 :

& NPAGF=14NLANN/NLP ' 1
; i

g AT

; 1M6=1 . Ao Gl P e SR e e
: TIMAG=PTIVNF(1)+0.01
: DO 10 1=1,NLAND |
TFI(PTIME(I).LT.TIMAG) GO TO 6 i
LAST(IMG)=1=] |
ING=TMG+] ;
: TIMAG=PTINS(1)40.01
. 6 IMID(I)=IMG
' LMKID(T)=MOC(ICOCE?1),100)
BF1TIT1)=0.0
JCODE(T)=1CCDE(T)
POLDI(I)=0.0.
RMFW(T)=0.0
IWO( 1)=NLAND +1
10 COMTINUE
EP:0.0 i 2
16P=1 : i
q MAXIM=TMID(MNLAND) : ?
! LAST(MAXIM)=NLAND |
IWND(1)=MAXIM
€0 NBGN=1 .
« DD 90 N=1,NLAND Al e e £ ; !
TM=TWN(N) : il ‘ 1
TF(IMGT.MAXTIM) TM=sMAXIN r
PP SINARTl) WO BR e s e S e e "
PRINT 20 |
20 FORMAT(//°NEGATIVE ENTRY TO GAMMA CODE ENCOUNTERED®) |
70 NEND=LAST(IM)
DO 80 1=NRGAFNEND e
~ -1CODE( 1)=JCCDE (1 ) +1000%N
- 80 CONTINUE !
NBGN=NEND+1
IFINBGN.GT.NLANC) GO TO 95
S0 CONTINUE . HURTay AL e Nk o S e
95 CALL GSHIFT (NUMGAM) : 4
NUMG (32 ) =NUMGAN
NTNT=0 &
0N 99 [1GP=1,NUMGAM
NTOT2NTOT¢ALIMGEIGF)
RMS(IGP )=0.0
99 CCNTINUE
KAGN=1
KEND =0
TN715Q0=20.0
PRINT 701
’ 701 FORMAT(16Xo41H** LANCMARK PIXEL SHIFT COMPENSATION =+ ,17X)

. A

i - g T Ay - . R
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» LFVEL 21 GCNNER DATE = 76261 16/02747

) PRINT T0O7
L 70T FORMAT(' TC COCANTRCL THE EASTeWFST ALIGMENT OF THIS SET NF MASTFL
g L TMAGES 9" o/ 22Xy *FXAMINTG THF MFASULRED LANDNMARK PIXEL SHIFTS, AND DrF
; 2INE IMAGE GROUPSY,/2X,*FOR A TRIAL LINFAR FIT DF SHIFT vS, TIME, T
3HE PARAMETERS AND FINAL® o 1X,*(NEW) RESIDUALS FOP. THF CURPENT GROUP
4ING ARF LISTED RELOW: ')
PRINT 702
702 FORMAT(® MASTER [MAGE LANDMARK SCAN PIXEL SHIFTS FIN
1AL FIXEL ERROR ?)
P2INT 703
703 FORMAT(® IC GMT GROUP NO. ID TIME MEASURED FITTED !
- , (I NEW cLo )
N=1] § %
18 LEND=N
KPAGF=0
19 LBGN=LEND+1
LEND=LEND 4NLP
KPAGE=KPAGE+1
IF(LEND.GT.NLANC) LENC=NLAND
1GP=0 ;
22 DO 50 1=LBGN,LENC ; 258
ITIME=ILALO(PTIME(]))
16OLD=1GP
16P=MOD(ICCOE(T1)/1000,100)
AETA=BETI(IGP)
RETNOT=RETC(IGP)
30 ROLD (I)=RAEW(I)
GCALC=BETA+RETDOTH*TIMEL(T)
RFIT(1)=GCALC
DIFF=DELE(T)=GCALC
RNEW( I )=NIFF
ICONEN=MND(ICCOE(1)/100,10)
IF(ICONEN.NF.0.AND. ICODEN.NE.2) GO TO 40
e CSG=NIFF*+2
RMS(IGP)=RNS(IGF)+NSC
TOTSQ=TOTSC+DSQ :
40 PRINTY 704y IMIC(I)yITIME,IGPoIoLMKID(I)sTIMEL(T),
IDELF(I)4BFITEI)4RNFW(T) ROLDI(I)
T04 FNORMAT(14,18,14,16914+95F1844)
S0 COMTINUE
TOTSQ=SORT(TETSQ/FLOATI(NTCT))
] PRINT 708, TOTSQ,EP ;
; 708 FNRMAT(32X,"FINAL RVMS PIXEL EPRCR=%,2€20.4) SR S e
EP=TOTSQ
—— ETN=SCRT((EL**24EP%%2)/2,.0) |
PRINT 709, EIN,ET ,
709 FORMAT(12X,*CORPESPONDING OVERALL NAVIGATION ACCURACY *,2E20.4)
ET=ETN )
PRINT 219
219 FORMAT(T4X)
PRINT 77
7T  FORMAT(/5X,*GAMMA SHIFT CALCLLATICN®)
PRIAT 230
230 FOPMAT(44H GROUP SIZ7E AASETIME  BETA BETADNT RMS )
DO 250 N=1,KUMGAM
PMSIN) sSCRT(RMSIN)/ZFLCAT (INUMGIN)))
PRINT 240y NyNUMGIN) ¢GTIM(N) ;BETTIN) yBETOIN) R¥S(N)
240 FOPMAT(216,4E20.4)

e
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250 CONTINUF

700 RTTURN
END

DATE = 76261
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Landmark ' Scanning Program
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Neil R. Guard
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6=15:28:55 (,0)

CODE(1) 000647 DATA(D) 004130: BLANK COoOMMON(2) 000000

'RENCES (BLOCKjy NAME)

P
s
i
IVMENT  (BLOCK» TYPE, R7LATIVE LACATION, NAME) !
01416 0001 . 000123 1446 0001 000214 1726 000}  0wV222 2006 |
2176 0001 000312 2366 + 000l 000456 2776 00ny 00U463 3036 |
> 3316 nool 000550 3436 ooopt NN0S&4 3546 00n1 000436 3776 |
1) 750 0001 0004n3 7?75L nool 000613 8oL . 0001 00Us17 850L |
3 910F 0000 NDOYNa2 920F 0000 004034 930F 0000 - 004036 940F |
13 960F 0000 0043;2 970F 0000 1 03773 | 00p0 | 003766 IAFC |
i 1oMp 00Q0 1| 003436 1ELE 0000 ! p03771 1EL) 0000 | 003772 1gL2 |
' IPAR 0000 1 003740 ISKle 0000 1| 004001 |SLP 0000 | 004002 ISLPI |
) 170s 0000 I 0040rS5 IVAL 0000 1 003744 twol 0000 § 003752 iwD2
poIxly 0000 1 003774 J Cnp0 1 003765 JouMp 00p0 | 003775 JX |
4 LINE 0000 | 001344 NATA 0000 | 004000 NOX © 0000 1 004003 NLINE
* NWORDI! 0000 I 003741 NWORNg 0000 R go0214 7 0000 R Q02474 x
| C ®eee THIS PROGRAM RpADS A SrCTORED VERSION OF AN SMS DATA TAPE
B AND PROCESSES A USFR CHOSEN AREA BY USING A PATTERN RECOGe
C NITION SCHEME 70 LOCATF A PREDETERMINED LANDMARK FOR ySE
! € IN CALCULATING REGISTRATION TRANSFORMATION PARAMETERS
I C o000 : . . X i
- INITIAL STORAGE : Has ’
< 17T0S(13%) = -DATA RETURN FROM FLOTAP - - o - ‘
¢ K(6) ~ STATUS RETURN FROM FLOTAP 4
C T(60,10) = COASTLINE OUTPUT ARRAY N St e g Ul o sl -1 "
C NATA(60410) « KORKING STORAGE AKRRAY
C x(40,10) = SLOPE CANTRAST ARPRaAY
(4 LINE()D) « CRITICAL LINE MO, STORAGE
(4 IELE(10) « CRITICAL ELEMENT NO, STORAGE
(4 ICRTEL(60) « COASTA|, ELEMENT STORAGE NOo
(4 Iwole) e CHARACTPR COMPUTATION STORAGE
< IwD2(8) « CHARACTFR COMPUTATION STORAGE
C doee :
DIMENSION 1T0S(134) ,KtA),T(60,10) NATAL60,10)+x160,10),LINELLID),
TIELE(IO) y ICRTEL (60) ,IWD 1 (6) ,IWD2(6) . ‘
C ®see
¢ INITIAL PARAMETERS 73 i

- e 5 4 Wy




w w———v.— — e B aan - -~
C Isklp - N0, OF LINFS ON TAPE¢ tTO SKIP
C MX¥ORDS = Nn, OF WORNS PFR LINE
C NLINES = NG, OF LINMES IN ARRAY
C IDMP - No, OF wOrnS TO Skip AT BEGINNING OF, EAC" LINE
C JOMP = Nn, OF WORNS LEFT To SkiP AT END OF EACH LINE
¢ IAFC =« FOR SAVING NOs OF ARNORMAL FRAME coUNTs
C IPAR = Foo SAVING NOs OF PARJTY ERRORS
C og0e
1SKIP= 200 ; : :
NVORDS= 10 . |
NWORD 1 =NWORDS~|
NLINES= 40
IoMPe?]
JOUMP= [DMP¢+NWORN] =]
1AFC= 0O
IPAR= O

- \\MA‘( "

ILINF= [SKIP + NLINES
TELLI= [DMPes
lEL2= JEL]1 ¢ NwoROleé6
C © SKIP A PAGE ON OyyPUT
WRITE (6,900)
900 FORMAT(1IH])
C © ESTABLISH TAPE WITHEN PROGRAM
CALL FLOTAP(11,eVISIBLENDATALY)
CALL FLDTAP(6)
CALL FLDTAP(S)
CALL FLOTAP(1)
C © SKIP [SKIP LINES AN TAPE
CALL FLDTAP(9,15KIP)
C ¢ LOOP TO READ DATA AND STorf IT
WRITE (6,970)
°970 FORMAT (1X,*RAy DATA ARRAY AS READ FROM TAPE®,/)
WRITE (64950) [gKIP,ILINEIEL],IEL2
950 FORMAT (1Xe'LINF'ol6s® TO'4164%y ELEMENT® ,16,° TOv,164/7/)
DO 100 [=)yNLINES ‘o :
" € ® CLEAR FLDTAP STATUS Rzruan ARRAY
DO 200 usi,é
K(J)=0 s
200 CONTINUE Ay AL
C ® PICK UP DATA LINg Z
CALL FLDTAP(7,134,1T0S,k) : bt
C ® CHECK TAPE READ STATUS ’
IF (K(3)«NE.O) sTOP . - Ve o
IF (K(4).NE,O0) §TOP ”
IF (K(S)«NE.O) gTOP
IF (K(1).EQ.0) gTOP
IF AKE2)eNELO) JAFCalAFCe)
IF (K(6)°NEeD) [PARa[PARe]
IF (KU2)oNEOeaNDeK(S) ¢NEcOANDKI])ERel) STOP
€ ® QUTPUT DATA LINE READ
VIRITE (6,930) (1T0S(JX) uXs]OMP,gOyYNP)
930 FORMAT (IX,9A6)
C & STORE NESIRED ELENMENTS
DO 400 Js=) ,NWORDS
JAn]DHPeJ=] 74
NATACE qJ)I®TOS(uX)
400 CONTINUVE




25N '
e SR
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B

100 CONTINUE
WRITF (6,900)

C ® LOOP THROQUGH NLInF LIMES tn PROCESS DATA

DO 500 1=1,NLINFS (L)
I£1T= 0

C ® STORE SINGLE ELEMFENT VALUFS

DO 60U y=l,W¥%0RNI)q
TWOL (L) =FLD(ON 4 ,NATAL] ,U))
TADL1(2)=FLD(06,4NATAL] J))
IWO1(3)=FLD(12,4,4ATAL] J))
IWDL(4)=FLD(IB, 4 ,NATAL] J))
IADLI(S)I=FLD(249, ,A4NATAL] ,J))
lﬂnl(b)tFLD(Jﬁ,g.NATA(|.J))
IWD2(1)=FLO(IR, 4, ,NATAC] J))
IWD2(2)=2FLD(24,4,HATAL],U))
IWD2(3)=FLD(30,4,NATA(] J))
IND2(4)=FLO(00,4,NATAL] ,J*1))
IWD2(5)=FLD(06,5s yNATAL] J*1))
IWD2(6)=FLD( 12,4 yNATAL] J*1))
® FIND SLOPE ACROSS FOUR ELEMENTS
DO 700 1x=1,6
NDX= bde(IX=])
ISLP= ABS(IWDl(X)=1WD2(1X))
e SET OCEAN VALUE 1f SLOPE ,LTe 3
IF (ISLP.LTe3) GO TOo 725

® SET CLOUD VALUE (¢ SLOPE ,GTe 4 ,ORe ELEMENT oGT,

IF(ISLPeGToe4s0R, 1901 (IX)eGTe22) GO TO 750
¢ SET COASTAL VALUE
FLOIMDX ,6,T(I,9))=29
IXIT=1X1T+} x
GO T0 775
750 FLO(NDX ,4,T(1,g))=8
GO TO 775
725 FLOINDX 6,T(14J))=5
® STORE SLOPE VALUg FOR OUTpuT :
775 FLDINDX ,64X(14g))= (SLP + 48 r
IF (IXITeEQel) [CRTEL([)mboys]y+2
700 CONTINUE
600 CONTINUE Cx|l y1r72
500 CONTINUE q
® QUTPUT COASTAL OyTLINE ARRAY
WRITE (6,940)
940 FORMAT (IXs*PREPICTED COASTAL QUTLEINE ARRAY',/)
WRITE (6,950) 1SKIP,ILINEsIELY,IEL2 :
00 110 1=1,NLINES .
WRITE (6,930) (T(1,J)sJgal s NWORDI)
110 CONTINUE
WRITE* (6,900)

& OUTPUT SLOPES ARRPAY

NRITE (6,960)

P60 FORMATUIX  COMPHTED SLOPF VALUESY /)
WRITE (6,950) 1sKIP,ILINELLELI (IFEL2
DO 120 1=l yNLINFS

WRITE (6,930) (x(14J)egm) sNWORDI)
120 COMTINUE Sl

WRITE (6,900)
WRITE (8,910) (1CRTELUY) 100,400 ap

22

bx(s -1
exJ+Iy

TR T

SRS ——




910 FORMAT (IX,*CRITICAL ELFMENTS® /7 ,6(1Xs15))
C © CALCULATE LINE Ann ELEMENT NUMBERS FOR UP To TEN COASTAL
C PROJECTION POINTS,
ISLPI= JCRTEL (1y=1CRTEL(3) .
J=p)
NLINFIsNLINES=2
PO BDD }s2,NLINF] ki
L ISLP2= [CRTEL([)~ICRTEL(I*2)
IVAL= ISLPle]S P2
‘ IF (IVAL+GT.0) GO TO 8fn
c IF(JeGE.10) GO 70 8SD
‘ NERNED!
LINEIJ)=]+])
IELE(J)I=ICRTEL(1+1)
810 ISLPI=[SLP2 2
800 CONTINUE
850 JX=J
C ® QUTPUT CRITICAL LINE AND FLEMENT NUMBERS
WRITE (6,900) -
| WRITE (6,920) (LINE(I),1ELEC(T) D=1 X))
| 920 FORMAT (IX,*COAQTAL PROTRUSION PoINTS PREDICTED AT ¢ ',
11007 ,491%X,*LINE ¢,12,* FLEMENT *12))

STOP
END .
OMPILATION: NO ©OI1AGNOSTICSe
y
GA,16/76 15:29:05 WSMR 32K VERSION
001000 01200} 4610 IRANK WORDS DECIMAL
040000 050373 4348 DBANK WORDS DECIMAL
5 0311133 :
s
ZGMENT SMAINS 001000 0120n1) 0400p0 050373
s(1) 001000 nD1024
$(1) 001025 nOLOY7
st 001050 @oits? $(2) 040000 o4o0ol2
si1) 001160 01345 $(2) 040913 p4o032
(4 = 040033 040034
s(1) 001366 nOIS13 $t2) o4n03S o40N77
st 001S1Y nD1S36
st1) 001637 QUti760 $(2) 04ni00 NDYOLIT7y
s$i1) . 0N176) pgn202)
s(1) 002022 pnoz3té $(2) Quni?% nNY40200
$i1) 002317 PrU3Y7) s(2) 040201 040237
: st 003474 nO4645 = s$(2) N402490 040274
st} 004846 nDY787
$(1) 004760 noS642 $(2) 040275 040351




s(]) 0US643 DS476
5(2) 040352 nY42553

$(}) 005677 NO6GLI26 %(2) 042554 04260

$1]) 006327 n07113 5(2) NYy2602 n42752

$(3) 007114 007114 $(4) 042753 043024

s$()) 007115 nN71y4l $(2) 043025 n4303y

1 s(1) nD7142 007320 $(2) 043035 NY43153

st1) 007321 007540 $(2! 043154 N43235%
$(2) N43357 043415

$(1) 007541 no7601

s(1) 007602 n194%03 s(0) N43416 043757 |

st1) 010404 Q11027 $(2) 043760 Q44164 :

$(1) « 011030 g1i132 ~  s(2) 044165 044232

$(3) OVF $(4) 044233 044242

IMMONBLOCK) ; 044243 044243
st1? N11133 nl2001 s(0) 044244 050373 |

$(2) BLANKSCOMMON A

VEL 7}

B T r———




