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This is Part III of the final report under Contract DAEA18-76-C-0019

entitled Atmospheric Transmittance Study with the Meteorological Satellite
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Missile Range. Part I contains a study and development of band models

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

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

used in this study for the calculation of atmospheric transmittances

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

digital data and their use in severe storm and cloud studies.
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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 ~~~~ 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, B. Smith, now of Colorado State University

(C.S.U.) and formerly of Wisconsin, and C.E. Velez, of NASA Goddard Space H
Fligh t Center (NASA GSFCf~

’are 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 orb i t and att i tude 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 B. Smith was arranged .

A demonstration of CSU ’s registration capabilities and a copy of a write-up

on the system B. Smith and D. Phillips had developed at Wisconsii~ was

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

A
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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
3

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 sof tware 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 needs 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 f see trip report in Appendix A] .

Based on the facts that 1) the adaptation of Velez ’s scheme to the POP 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 geometrical scheme proved to be futile [See Summary of

SMS Data Processing System in Appendix B), 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 B. Smith had already sent us and the

accuracy of which was professed to be 1-2 pic tel 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 
to2
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decipher NOAA NESS ’s versio~~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 connnunications with E. Smith . A mathematical

overview of that analysis, based on the write-up of the scheme by D. Phillips

and B. Smith, follows in Appendix C 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 B. Smith ’s program, we decided to use

the NASA GSFC version , developed by C. 1. 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-B. Smith scheme, the analysis in Appendix C also

applies to Mottershead’s. A thorough flowchart and investigation of

parameters used was undert aken in the process of which correspondence with

Mottershead was and is still being maintained. Basic 10 handling routines,

which are machine-dependent , are the maJor obstacle to the utilization of 
~

- I
Mottershead’s scheme as is. Approval for the use of Met Sat ’s PD! ll4~ ,

in conjunction with one of their personnel , on which to adapt the navigat ion

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

3
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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 calculations

necessitated computer assistance. Therefore, the process of revising

Mottershead’s program ~ fit IJTEP’s IBM capabilities was undertaken,

i.e. editing capabilities (mid-stream, interactive) were removed and PDP i ‘p

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 peripheral s of

Met Sat ’s POP 1145. Also , it will  be necessary for us to worj~ with the

engineers of the Met Satellite Technical Area to develop the needed data

10 package.

H The organizations with which we had been in contact all routinely
- use video refresh capability (CRT screen with cursor) to locate the I

landmarks needed to determine satellite attitude and reference satellite

position in each photograph [a.. Appendix A). Since the contractor does

not have the necessary video refresh hardware , some other method of locating

landmarks needed to be deve loped. A group at NOM NESS is experimenting

4
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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 bettor 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 POP 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.

S H



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 du~thg late summers and late winter and during mid-afternoon and

early morning since at these times are maximum land temperature extremes

and also o~ean surface temperatures change relatively little diurnally or
-ç

seasonally. 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 tt’e 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

• retrieva l 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

el.ent 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 valuss associated with low clouds and those associated with

• highly reflective land or ocean surfaces. By scanning in the ZR first where,

6
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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 eapability 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 B, 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. &n 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 

to7



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. 
-

- .i 
~~~~~~
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2. Task 3.2.7

The contract stated in task 3.2.7 that a study would be performed

in. which we would “examine conventional synoptic data and satellite

images of severe storm systems and determine the correlation that exists

between cloud type and development and time of greatest severity.” We

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• 6images are made to get necessary detail. 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

• 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 underlying9
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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. 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

i- 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.

• ~~~~~~~~~~~~ I
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FIGURE 1: Furnished b~Th~ii~~ 1. 3Wers, Atmospheri c Sciences Laboratory , -

White Sands Missile Range, NM, from a Me norandum by James H. Lienesch , NOAA NESS,
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• TRIP REPORT

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. Ve].ez
suggested that we look into Wisconsin ’s scheme (which is a version of the
Dennis Rhillips - Eric Smith routine) and offered to send us a copy of
the report on the Veles 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 agr eed to
send a copy of their navigat ion software and documentat ion if requested
in writing. Such a request wa~ made upon return from the trip. Another
group in NOAA NESS uses a similar scheme , a copy of which was furnished
but is undocumented • , they are currently working on their own in-
house scheme. -

One of the main purposes of the trip was to find out what scann ing
or landmark detection methods others had devised and their present stage
of development. It became evident that all groups with working registrat ion
schemes in both NASA GSFC and NOAA NESS use video refresh as the most
efficient means to at least initially track dowt~ the landmarks . At NASA ,
Dr. Velez demonstrated the LANDTRAK scanning method they used; and R. Adler ,
STORMSAT researcher, and J. Billsngsley, systems developer for IDAMS and
their new system, AOIPS (Atmospheric and Oceanographic Information Processing
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 c))ips necessary to consistently achieve
• 

• 
accurate registration. Mike Crowe gave us a copy of the program, wh ich
has some documentation. Ad... Booth, also from NOAA , has worked with ITOS

• data in a cloud pattern recognition scheme that works best with ZR data .
4 He furnishe d a copy of his thesis and. suggpbt.d we contact Dr. Laveen

/ 
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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 MCTPAK 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 STORNSAT 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.

Micra request 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 ~ pabi1ities of their Man

Machine Interactive Processing System, the most impressive features being

the VTPR and NMC-based , large scale cloud height determination schemes.
N. 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 ZR data in particular, possible limb effects
in the ZR, and data quality control done by NOAA . He also discussed his
experienc, in working with ZR 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. Lilickson of NOAA said they will be working with NASA on
much improved and many more orbital param.t.~n being sent as housekeeping
data by -th. end of ‘76 . He provided copie. of two SNSA and B data manipulation
reports.
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March 2, 1976

/ • 
4Commanding Officer

Atmospheric Sciences Laboratory (
White Sands Missile Range
White Sands , New Mexico 88002 • 

•

ATTN: Dr. Richard Gomez

p RE~ Contract DAEA 18-76-C—0019 
-

• Dear Dr. Gomez:

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

p This report outlines our objectives, approach and to some degree the
flexibility that we are intending to put into the system. Before
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 approach is satisfactory for your needs.

Very truly your.,

Rufus E. Bruce

RER,’gla ’
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SMS DATA PROCESSING SYSTEM
• p

I. Overall Program Concept

A. Input Consideration

• B. Projected Output Capabilities

C. Computational Technique

II. Current Areas of Activity

A. Pattern Recognition 
p

1. Initial programin~ goals • 
p

2. Results of current testing

3. Further desirable capabilities

* B. The Registre-tion Transformation

1.. Direct geometric approach
- a~ initial’concept I

b. diagram and equations
c. result of testing

• 2 Eric Smith ’s registration program

S - III, Research In the Near Future

A .. Modification 6 Incorporation of Eric Smith ’s Work • 
•

B. P4nal Landmark Acceptance Criteria 
•

C. Severe Storms Applications 
p 

• 
••
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PROC~PAM COHC~’PT

A system is proposed which processes SMS-GOES visible and Infra-P~d data

to be used in severe storm case studies ~nd atmospheric radiation transmission

research . Our support toward the overall system includes development of soft-
ware for landmark registration, and subsequent registration 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
4 computer at WSMR . Considerat ion is being made during coding and documentat ion

to allow implementation of the final system on a PDP-l3. 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 Phillipe and Eric Smith, where these landmarks
and satellite orbit parameter data will be used in calculating satellite

attitude parameters necessary for the final transformations. Final program

output will include time sequenced transformed data blocks and predicted

parameter values. Expansion of output capabilities to rough prediction of • 

• 
pp

future satellite parameters will be considered at a later time.
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C~JRRF~IT INTr.Rr.STS

The automatic landmark recognition program uses a previously ~~ctored

vcrsion of the original data tape. A user defined area from the tape is

stored, and coastal outline, cloud covered areas, and specific landmark

locations are calculated using temperature differentials as decision criteria.

• p 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~ prevailing conditions and anti-

cipated approximate coastal outlines of each landmark site are considered

~n 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 vertical or hori-

; zontal coast. Construction of a large table of potential landmarks is

• important to guarantee enough usable points for accurate registration.

Each site ~~ identified by approximate location , and by area type ( indicating
p 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 eventua lly
- develop a set of scan routin~~suited for most landmarks encountered . A

few representative data cases in terms of tuipàrature extremes are being

used in this development. However , to effectively reduce the diurnal and

seasonal uncertainty , an on-going yearly study of land-ocean contrasts at

least twice daily is necessary .

Predicted coastal outlines ~nd landmark b eat tons are visually displayed

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

I

•
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wide before further procosnlng. This information can also be used later as

a check on the applicability of the recognition routine being used at each

slte~ 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 acceptance of a large enough usable data set.
.5-p .

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 he maximized for points equally

distant fr om the subsatellite point, and distance from the edge of the

observed earth disk , to be maxImized for sets of points with equal separation ,

are cons idere&. A final set of landmarks is then output for user acceptance

or rejection.

Tests of existing software have shown that islands and previously

defined coaa-ta]. outlines can be recognized for data collected under good

conditions : minimal cloud cover , and distinct land/water boundary temperatures.
For less-than-perfect conditions , further testing is necessary to emph irically 0

determine optimal coastal recognition criteria adapted to anomalies in

regions surrounding prospective landmark sites .
• An initial attempt was made to obtain necessary trans format ion para-

meters from a purely geometric standpoint . Th. transformation from earth

reference frame to photograph line and element was qualitatively correct ,

~~ - 
hut accuracy was limited . This procedure might be utilized to find initial

• approximat, search areas to be processed by th. landmark recognition program
described above. The complexity and natur: of the inverse transformat ion



math~ it unstable tlurfng computer testing, and the occurance of negative

r&Itcals caused program termination In all. cases attempted . This tranS—

formation was, th~refore, insufficient for implementation .

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 adequate results.

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

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

outpu t includes user requested transformed data and calculated parameters.

A long range satellite posit ion predict ive 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 .

5-

I
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p FUTUR E PLANS

Those portions 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

p 
will be used to determine the nature of an optimal decision function for

the acceptance of a final landmark set from those points successfully

identified. Tests involving these areas will be completed 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’ t~h ieh was provided by H. 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 Bibliograph y to hel p 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 7i-# (t) cos (~it (t ~~te~c ) / f ~ )  \( 
~~~~~

5 n( (t
~~~

t
ctc

) /f
~~
) )

\ 0 /
is a vector of magnitude 11(t) (the satellite ’s altitude) lying in the
earth’s equatorial plane. This vector is operated on by the matrix p p

o

c o s (X )  s ; n (r )  )
- 5 n ( z

’
) cos (I)/

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

The resultant vector is then operated on by the matrix 
p

cD~
\ 

• 

p

(_~~~ ;n~~~~~~~~~~~~
-tep /#~~~~ 

c s ( a r (t ~-te~c~) / Pe)  0 
3

p \ .  0 o 1/
I

which rotates the vector about the earth ’s axis by an angle of 
~~p-~~t- 

p

-p.
t

p 

Then the resultant vector is operated on by the matrix
p-

p...
/cos (Ec~c)  ‘ -

~~;n (~‘c) COS (E Qc~ c~ )
p \ o  o 1/

which rotates the vector about the earth ’s axis through the longitudinal 
pangle. 
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Equation (3) gives the position vector of a landmark measurement
K1 in polar spherical coordinates

/r~ cc’~.e-

(r~ 
- cs ~

~~~~ 
~~~

- 
/

Where ~4tetht .-

rr Radius of earth at landmark i 
- 

p ~~~~~~~~~ 

p

= Latitude of landmark i _~~ 
• 

p

- Longitude of landmark i - . 
- 

p ~.

Since ~~(t) is the position ve~~or 
p

. - / p

of the satellite, the vector C~ ~~
.•

_ p p,

to the landmark i from the satellite
may be written as

~~~~

The unit vector in that direction is 
~~~~~~~

.

-=~
---

~~
- .

(Equation 6) J~
.

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
a t t — t , p

• 

~~~~
‘
(P~~ ~~ through the necessary p

— angle.

This is done by operating on the vector with the matrix

(~~s(t -t 0)~~~-/p~) — ~~~~, (~~(t-t0)/r~) o’
\

~sni (a,r (t- t 0 ) / p,) ô~~(~~~(’t — t 0) /P~
) 0

0

with equation (6) as the result. p •~~~
• .
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The t ransformation from satellite imagery coordinates (L, E) to an

earth reference frame is achieved by transforming from imagery coordinates p

to the nominal satellite coordinate system and then transform from the

nominal satellite coordinate system to the earth ’s reference system .

p Equation (27) gives the third column of the rotational matrix which

performs the transformation from the nominal satellite coor’linate system
p 

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 AROT3(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

and equation (30) is the result:

~ 

— 

(~~~±i. 4~~~~ a?) ~~~~ ()~

)

~~~ _ (
~~÷ . ~~~~~~~~~~~~~~~~~~~~

~ /
S

This is equation 30. The second column of the matrix is a vector perpendicular 
p

to the other two so it may be obtained by tak ing the cross product of

AROT3(t) and AROT1(t) resulting in equation (31) •

• _  _  —a . • p

4RoT~~
(t) ,4Rer~ 

)( ,4golj
• 

•~~~~~ p
,~~. , p • •

p

The rotational matrix formed by these three vectors is given in eqwttion (32)

Equation (33) is a rotat ional matrix Which corrects for the misalignment

between the camera axis and the satellite spin axis.

___  - -.
~
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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.

~1

a

p 
p

—
p

4

• • p ~~~~~~~
p _ pp.

_• 1 f a 
—

~
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IV C, L IV F L  21 
- 

- 
P . IA I N  DA T F  = 762f~l 16/O2/4 1

C M1~IN P~~fl(~R~~M

IXLA T (32),XIflN (12),f)LIN (32),OFLE (32),TIM [ft (32)
Cr1MMOM/SCANR,ISCAN ,NUMSI~N ,~Ir)PCLN, TOTLIN,1FC,L1W, P~~C)tP!rI

1 ,PICL !N,TCTFLF ,DfGFLF , PAOELE , PICFLr, CF,PTTCH ,YAW, PflLL,SKFW ,PflTMI I
2,~~1TM I3, Pf~T~~2l,ROTM23,ROTM3j,ROTM33,RFACT ,PrASTN ,sD,C9,pofp,p RAT
Cn MM /1DA /PI,RCPCG,RF, A ,B,AO,AS Q,&~SQ,ATMI.IGT,GRACOPI,EMFGA,SOLSID

1 ,SH A ,!YR,1 14R -
CrJ MMON/NAVS1N/TN4V ,NAV IN,LANON,NIT,I #IT,F~JO~ B ,NOAY, FL,FP,ET,SP!N(3I

I ,PASCEN ,D’ECLIN,SPIMRA ,TMpSCL,GTIMIl6 ),B~ TAI 16),BDOT I 16),NGAM ( 16)
COMMON/SYSCCM/ ITK,NL

C 4

PPINT 9 . .. p 
• • .~~ ..  -

9 FORMAT (//30X,22H .*** NAV IGA T ICN tap / )
ITK= 1

5 PRINT 810 p
810 FOPMAT(22x,e*a NAVIGATION SOLL’TION * * )  p

I WD= 1
13 GO TO (14,100,200),ThO 

~~~~~~~~ -

14 CALL LOADMK
25 CALL LSORT (NL ANC, PTIME,XLIP4,XFLF,XLAT,XLON ,ICODE )
16 NflAY=L OAY ,. . . . . . ~~~~~~~~~~~~~~~~~~ 

p
M lfl= (NLAND +l )/2
HO UR~ PT I ME U ’ I D)
CALL GFTOR P(L0AY,HO ~JR ) ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p

18 SPINRA= 100. pp 
TMpSCL~~5p fl~pA/36OOOOO .o
CALL PRFPOS .. •

K 6 A ND ~~I, -

CALL SFTSCN (KBAND)
I J K~~3PR INT 999,1JI(,PCLN ,PICLIN
I j ic~~q

• PRINT 999,IJK,PCLN,PICIIN p

999 FflRMAT(IlO,2E20.8)
NAVN=1

• PRINT 35, N~ VN p
35 FORMAT ILBX, 1*t SPIN ATT ITUCE SCUJT ICN NO , ‘,I4,’ **‘,/2X ,

I ‘OECL INATION RI, ASCENI CENTERLINE LANDMARKS SEARCH ITER
2A TIONS’)
CAJ.L SP!~~~X (LANDN ,D~C,RA S,PCLN,P~IT ,t~IT)PRINT 40, DEC,RAS,PCLN,LANON,NIT,MIT

40 FORMAT (2F12,5,F6.o,. FIXED ’,17,’ USEO’,Io,’ TOTAL’,14,’TURNS’,4X)
0F C L I N ~ DEC
PASCEN~ RA S -

- PICL1NzPCLI~ - - p. . .
CALL PRESAT .. 

p -

CALL QES IOU 
- 

p

71) C AL L  GA PCA L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

GO It) 187
100 CONTI$~IJ~ 

- 
-

CALL PR~ P0 S :. -
CALL P*~~SAT p

GO Tfl 7~ 7
1 200 CONT INUE . . . . p . 

p p p-1  G0 10 187 1 •
787 CONTt NU F 

p
STOP p

34
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N IV C, LEVEL ?1 FLTTME DATE = 76261 16/02/47

SIIR°fl1)TIN’~ FIT IPF (INT , IDAY ,Hfl I JR )
n!~tC~ISIPN INT ( ‘ii ,M1)A y( 12)
D A T A  MP4Y/O, 31,59,90, 120, 151, 181,212,243,273,304,334/
tYr~~TNT( l )/1flfl
M flN=Mfl fl(INT (1 ), 100)
!F(MON.LC .12) GflTO 6
JVP~~(Mc1M- .’j)/l2 -p 
IY’~=IYR+JYR

PON=MCN—12’JYP
6 1f~~Y-  1 ? 4 1 1 2) / l 0 O

I D A Y  TD4Y+MDAYI’40N) )
IF (Mfl?1.LT.3) GV1 10 7
1FtMNU1Y’~,4).EQ.O)1DAy=!DAy .1

7 IDAY=T1 )AY~~1fl00*t1YR-.1O)
Hfl%JR = MOfl (IF~T (2),l0O)FMI N= INT ( 3 )/ 1 0 0
SEC = M O D ( I N T ( 3 ) , 1 0 0 )
FSFC= INY I’,)
HflhJR=HOtJR+IFMINI-(SEC+FSEC/10000.0)/60.o)/60.0
PRINT 20

20 F!)PMAT (//2x, ‘FLu ME : jDAY,F PII~,FSFC,SEC,HOUR’ )PR INT 21, IDAY ,FMIN, FSEC,SEC,HQUR
21 FORMAT (/2X,16,4F12.6) 

p
RFTURN -

END

- ,



~EVF1 21 T IMOTF DATF ~ 76261 16/02/47
p 

F’INCTIfl ’SI IIMDIF (IYROAI,HtIURI,IVRDA2,HOUR2) 
p 

p

IY1 ” f l f l ( I Y t~t~A 1 / I 0 O n , toO ) • ‘.. 
•

It ) 1~~M0’)( I Y~~f l A 1  , 100(1) 
p 

. p

I FA C 1 = (  I Y I—1 )/ 4 +1 p • - 
.

D1=3 6’i~ I I Y I— L ).IFA C IiT C I—I -

IY2= M 11) ( IY RDA2/ l000 , I0Q)  p 
-1D2 = Mf l f l ( IY RCA 2 , 1000 ) 

p p

I FAC2= (TY2~~1)/4+I

p TI=144O.fl’~C1 +6fl.o~~4OUpl • p -12=144 0.0*02 .60.Q *p. I cnj p2 p
TI MDTF=T2.-T I
P R I N T ii) p

to FORMAT( //2X,’TIMDTF: IY RDA1,HOIJR1,IYRr)A7,HOUR2,D1,02,TI,12,
ITT MCIF ’ )
PRINT 11,4YRDAI,HOURI,1VR042,HCUR2,D1,02,TL,T2,TIMCIF

11
R1~TURN 

- p. -ppp . . .  

~ p
• p

END p

‘ p  p 
pp 

, 
p

/ , p pp .. p 
——— ~— —— ..———— ... —.p . -  ~~~ ~ p

I 

- p p
p p . . 

~ 
p p . _ . p p p  

— p 
S S ~_ _  

5 P ; P

/

1 •a .

- p p  ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
p 

~~~~~

p 
- p p p

p 

, 

p 
-

- 
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C. L. FVFL 21 IROUND D A T E  • 76261 16/02 /41

FIIØJCTI fl P4 TRC (JP4 O (X )  -
IF (X )1,2,3 

-1 !RflhIHfl=x.O.5
R CI I J P N  

p

2 !P(~UN’1=OP~ TURN
3 T Rfl UND”X IO.S

R E T U P N  
pFND .

• 
p p

• . . p  .p p . p ~~p . - p p~~~~ p~~~~~~~~~~~ 
pp

a 
p 

p

p p p • 

p

/ .

~~ 
i f  . p 

-

~~, ‘  I i  ‘ 
~~~~~~~~~ p - p p . _ p .p p_ p p p

~1a
.~~

- I
C)

p ~ / p .



---—p p 
-_,~~ --

/

IV G LEVE L 21, SATPr)S DATE 76261 16/02/41

SURR0’JTIN~ SAT PflSINAVOAV ,TIM~~,X,Y,7-) -
CflMWflN/ ATA /PT , RDPD(,~~~,A ,Q,*P,*SQ,RS0,ATMHGT ,GRAC0N,EMFGA .SOL Sf0

~ ,SHA ,TYR , IHR p

CCMP~CN/SATflPP/IflRR,TXD,XF-R ,XI (3), SLAT ,SLiJN,SHGT,4R 1~~S,
IE’,AY,FPH~ ,%EMIfrA,OE CC ’~P,GR 8TI%C,FMANOM ,PERHEL,ASNODE,

~ XMMC ,~ RO MC2,PX,PV,P7,QX,QY,0l
C 

p

C COMPUTE MEAN ANOMALY
C

DI FTIM=T1,1fl1P(IFCAY ,EPHP,N~VCAY,TP’E l
XMANQM=XMMC $DIFTIM p

EC AM ’L=XM~NOM 
I

EPSILN=I.OF— 8 . . .~~~~~~. ..  
p p _ pp

C
C SOLPV ’~ FOP ECCENTRIC AWO~ALY 

-
~~~

C 
.p 

-

00 2 T I,20 p 

.

ECANOM=XP4P~CP+CFCCFNt SIN (EC~NM1)
PRINT 20

20 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
PRINT 21,XI’~ C,X I’APiOt’,ECANO M

21 FORMAT (/2X,3E20.4)
IF C A R S C E C A N flM~ ECANM1).LT .FPSILN) GO TO 3FCANM1a~ CANCM

2 CONTINUE 
~~~~.. . . . . . p p p p p p  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C
C COMPUTE CARTESIAN COPPO1~ETS
C

3 Xf lM EGAaCOS IFCANO M I.OECCEN
VOMFGAa SPOME2* SIN c~CAI~oN) p.
XS aX O MEGA* PX +VO M EC,A* QX 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p.~~~~p - p - p~~~. p •  ~~ p..p 
pp . p p  p - p p  p

YS XOMEGA*PY,YCPEGa*CY p
• ZSaXOM !GA*PZ,YOMEGAIiQZ 

p p

C 
p

PRp~T 30 -p 

p

• 30 FORMATI//2X,’SATPOS:XO)’FGA,YCMFGA,XS,YS,ZS’) p 
p p 

pp p PRINT 31 ,XC GA,YCMEGA,KS,YS,Z5p.~. _ . .~.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - p - p p~.. ...p .. p

31 FORMAT (/2X,5F15.7) 4 
p p p p~~ 

p p
C ROTATE TO GFOGRAP~~IC COORDINATE S 

p 
~c a 

. .  -.

THR.IHR . ... 
p

DIFT IMaTIMCIP ( IYR,T)4R,N*VOAY,TIME )
RAaOIFTTM*SCLSID*PI/72O.000,SHA . _  

~~~~~~~~ ~~~~~~~~~~~~~~ . - . . - .  ~~~RASaAMOD (RA,2.0*PI)
CR AeCOS IR*S) 

p 
~~~ 

p p
SR A a 5~ N I R AS)PR INT 40

40 FORM*T (//2X,ISAT PCS:OIFTT$,S)’*,RA,RAS,cRA,SRA’) ~~ ~~~

PRINT 41,DIFTIM ,SHA ,RA,RA$,C*A,S*A p 
p . .p  p- p - p - p - p - p p  . .~~~~~ ~~.. ~~... - . - - 

p 
p

41 FOPMATC/2X,6~2O.4) p p 
e

X*cRA*XS,SRA .yS 
p p

Ya ISRA*KS,C RA$yS 
p p p_ - p p.

• 7..~ ç 
- 

p 
p

XI(1)’KS -:~Xt (2~ aYS L~ 
P
/

XI (3)’iS 
p 
~SLAT .AT*N ( 2/SORT CXt.2+Y*S2))/*CPCG k~. 

~
. \ . P

SLflN’ATAN2(Y,X)/ROPDG 3$ f ! ; \~ ~ ~ 
P .



p p p p._~~~ —— _ _ _ _ _
~

__
~. V

2 1 SAT PO S DAT E a 76261 t6/02!47

SH~~T~~ ORT(x**2+v* 2+Z*~~2)
PPINT 10 

p

to Fflr~MA T f2X , ’S4TPCS:X,y,Z,XI (J) WHER E Ja1,3,SLAT,SLON,SHGT’)
PRINT 11,X,Y,Z,CXI (J),JaI,3),SLAT,SLON,SHGT

p 11 FflPMAT (/2X,9F13.5)
RETURN
END p p p

- 

p

p . 
p . P p p p .. p .. p p p p p p

P 

p p p p p p p _ p p p P p p p p p ppp pp p pp - p

a ________

• 1 p p p p p

. 

p 

•

p

- ~~~~~~~~~ p p p p p . p. p p p p p~~ p p p .-

________  
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-. - ——--p p— p— •p_ _
~__~

b L r ~Vt~L £.L ~~~~~~~~~~~~~~~~~~~~~~~~~

EUNCTION FLALOIM )
INTEGFRt4 M,N
I F C M .LT.O) GO TO 1
N=M
Xal .0
GO TO 2

I PI = —M - 

pp 
x = — i .o

2 1L A1O=FIOATIN/L0000),FLOAT(MOD (N/IOO,IO0))/6O.0,FLOAT(M0O(N,100I’)/
— 1360010

FLA 10=X~ F L A L C
PRINT 10

10 FORMAT(//?X,’FIALO: M,N,X,FLALO’ ) . . . . .. .. p p

PRINT 1I,M,I~,X,FLAL0 
p

11 FOR MAT(/2X ,2 I8 ,2f 13 .6)  p

RFTU RN 
p

END

p 
p p  I 

I
I 

. . p . 
~~ p p p P p p p p~~~~~p~~•

a
~~~~~~~~~~ L.~~~~~. ~~~~~~~~~~~~~~~~~~ . ... .p pp . p pp .*p p p...~ - p p p p .  . .

--——--p.-—- - - - -- - - p.. - --p -p —s-’ —~ —~
—

p p~ p ~
p 

~~~~~ p

p / 
p

p P

- ft

- p. - p— ~ 
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

p - 
I •— 

40 
nATE 76~6t 

i~ /02I~~



— P p _ —p__ __ PP, — — __ _ _ _  —~~~~~ V

EVFI 21 ILA LO DATE s 76261 16/02/47

FIJN CTI~)N IL5L r1 (XC~ G)
I~ITF (CR~~4 ILALO,If )EG,MIN,ISEC
Z N=X t W r I
T~~I XDF (.LT .OIO) 7I .aZN

2 IflFG=ZN
20= I ft C,p 
7N= (7N~ 7f l ) *6O.O

p PR INT [U,X OEG , EOEG ,20, ZN
10 FEIRMATC// 2X, IILA L O: XDEC-,ID~G,ZD,ZN’,F13.6,Ie,2F13.o)MIN=119

ZM=M IN
Z N = ( 7 N I Z M) *60 .O,O.5  

p

IS~CC =T~P1 . . .~~~~~~~

ILALO=l0000* IDEC,+100*MIN.ISEC
IFCxDE G .LT. O .o ) ILALCa. IL* iO
PRINT 20,MTN,Z M ,ZN ,IDEG,ILALC p

20 FO RMAT I//2x , s I LAIo:  MIN,ZM,ZN,ItlEG, ILALO’ ,18,2F13. 6,218)
RETURN
END 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p

p 

p p

‘

p 
p p 1

I pp P p • p p p - p p p p p p p p p pp p p p p ~ pp_ ppp pp - pp p p - pp p . p P~. pp ~ .~ pp p pppppp p p

/

F p p 
p

P 

/ 

p 

- : • . ,

p p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I - -~~~--~~ - - . 1
p 

• I
p p

- p p . - -  ~- - - ‘ ~~~~~~~~~ I

p 
P . : :

41
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S - -~~~~~ “ Z  V

VEL 21 LO AD M K  D A T E  = 76261 16/02 /47

¶IJM~O1,JTINE L O A DU K
COM?IflNFXLAND/NLANO ,LDAY, ICODEC 32) , PT IMFI 32) , XLIN ( 32) ,XELEI32)

IX LA T (~ 2),XLCN(32),OLIN (32),flELE (32),TIMEL (32)
Co~ MnNfnurFFR/II’,~~a,LMKIO , ITIMF (4),LCODEp 

flf~~ NSI(1N jDsy (25)
TNTE G E~~- ’4 L*T ,LC~ G
N LA NP) =L W K NC
MDAY= 32 700
N = 0. 

p

LMKIO = ’777 p

j IF( IMKIf l .E~ .-’777) GC TO 200 p

I)” tOO t t,LMKNO 
p p

PEAD 50, LMKNO,LMKID,LAT ,LCNG,XMP,xMl,II1’IME (J),J=1,4),LCODE
•0 FOR MATC2I3,219,2F10.2,51,5)

PRINT 77, LMKNfl,1MKID,LAT,LONG,XMP,XI4L, (TTI~ E (J),J~ 1,4),LCODE1 FOPMAT I IMK= ’ ,21 3,218,2F10.2,5151 p p

p IF(ICODE.L1.OI GO TO 100 p

-o N~N4lX L A T ( N ) = F L A L C ( L A T ) p ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ p

XL O N( N)= FLALO ( LONG ) p
XELE (N )~ X M P p - 

p 
p

XL IN (N )=X frL p . .  p

CALL FITIMECITI ME ,J DAY ( N) , PT IME ( N) )  p
IF (JDAY (N).LT.MDAY) MOAY .JD-AY (N) - 

p 
p

p 1CO0F (N).LCCDE*1QO+~MIq O 
pp

ppp .. p.. ~~~~~~~~~~~~~~~ . .~~~~~~~ ......~ ~ .. - .
~~~~~~~~ p-

00 CONT INUE I P

NLANO ’4
L D A Y ~~M flAY 

- I p 
p

DC) 150 J—1 ,NLAND
p 

PTII~E (J)sPTIPE(J )+24.O*(JDay(J).MOAy ) 
p p

5O CONTINUE 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -p .pp I .

p G0 T0 250 p

00 LMKNC 9 
p p

t MK ID—5 ..~~~~~~ .. ~~~~~~~~~~~~~~~~~~ . . p p p p p . p . p p p p p p.~~ p p p .ppp~~~~~, p p p  .~~~~. p -

tCODE-0 P P . . ,  p

DO 5 1=1,4 • . .. . . . . . . . . . . . ..... . . . . _ .~~. p - P P  p p p
5.. ITIMF (I ).1 p~~~~~~~~~~~~~~~~~~~~~~~~~~~ p_ pp p~~~~ p - pppp .p .p p __p. _ p - p _ _ p p p p

pp

p p p  pp_ pp ._ .p.p p .p p p  ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~CALL TE ST MK p
PRINT 40 p

40 FORMATC//2X,’LnADMK:LMKN O,LI~KID,,LCODE ,ITTME (I) WHERE 1.1,4’)PRINT 41,LMKNO,y4K10,LCQCE,(ITI?IE(I),IaJ,4) p
41 FORMATI/2X,718) p

50 RETURN . . - ...-p ..~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~ . .~~~~ . .. .  . . ...~ p p

~~~~~~“: END p

- 

-
, 

p
p 

p
42

J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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G LEVEL 21 TF ST MK D4T~ 76261 1,6/02/41

~I JflPfl IJTINE TFSTMK
CfMMON/XL ANO/NI ANO,ICAY,1C00E132),PTII#E C 32),XLIN (32),XEI-FC32 ),

IXLA T13fl,XLCM32),011N132),OELE (32),TIMFL (32)
LPAY=4212 

p
NI. AND =9 p 

p

TLAT=14.65833333
p TION=.s17 .44166667 , p p 

p 
p

TIMF =12 .O p

00 20 I=l,NLAND p

ICD DE (1)=1 p P P .

X L A T ( 1 )  aT 1*1
XLON (I)=TLCN
PT I M F I I) = T T M E ~~..P~_ _~P. .-p~P P P .P.. . .... _ . P .P P...  ..... .. ...p. ... 

TI ME=TIME+O .5 p 
p p

20 CO NTINUE p -

XLIN (I)=5140 p p - p - p p - p p p

XL INC2)~~50R8 .1 - 
p 

p

XLIN (3)a5041 I 
- p I

XL IN(4)a5002 p p p p p . p p ~.
pp

p
~ppp p p 

p - p

x11N15)=4972 - 
p 

p

x 11N16)=4950 p 
p

X LIN( 7)a4 9 36  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.. - 
pp pp p p .:

X L IN( R)a ’.9~!0 p 
p

XLINI9) 4934 p p . p 
p

X ELEC1 )= 1146

~~

.. .... ~~~~~~~ p p _ p p p p . p p

XELE (2)*11440 1
XE IF C 3 1 *11430
XFIFI4)=11420 p 

p p 
p

XELE 15) a11409
XWIFI6)*11400 p

p p 

XEL C- (7)-=113c1 p P . P . P . P . P P P P  
p p

XELC (8) 11383
XELEI9) 11375 -

p p • PRINT 30 
p p

30 FORMhT(/I2X ,’TFST YK:LI)~Y,NLbP ,D,TLAT,TLON,IXLATII),XLON (I),PTIME (I) 
p

p 1,XLIN (I),XELF (I),WHERE I~~L ,9’) 
p 

p

PRINT ~1,LCay,NLANo ,TLAT,TLcr~,IxLAv (I),xLoNI1),PT1MF(1),xLIN (I),
1XELE ( 1) .1.1.9)

31 FO!~MAT( Izx,2I8,2p1o.6,lcFa.2,,2x,15Fa.2,/2x ,15F8.2 ,/2X ,5F8.2)
RETURN ‘

.~~ 

p

C p p 
p 

p

p~~~~~p p p p p p _ p . _ p p P  p p p ppp p pp p ppp. p pp
~ p.~

pp pp p p p
~ p p .p pppp p p _ p p p p p pP .p P~~~~~~~~~~~p p ~~~~~~~~~~~~~~~~~~~

p p
~~~~~~~~~~~~~~~~~~~~~~~

p 

~~~~~~~~~~~~~ 

p.p I_

- P~~P - P ~~~~~~P;_p

4 ~~~~~
— 

P P 
p!~~~~~~~~~ 

.~~P 5 p p ~~~~~~~~~~~~

p p - p
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‘ LEVE L 21 ISOPT DATE a 76261 I 16/02/41

SIJORrI UTTNE ISbRTCNL ,TJ,A,B,C,D,IC )
flIP’FNSIIPN TJ (1),Al1),PI1),C41),CI1),IC (1)
1=1,

10 TK=TJ (L ) p

MV=i
00 30 K=L,N%.
lFITJC Ic).GE •TK) GO TO 30
TK TJ (K)
?4V = K p

30 CONTINUE p 
p

T S = T J ( L )  p 
p

A II I
SRa B( L)  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- P~ P p p

SC aC (L)
SOaOCL ) p

IS=ICIL) p

T J ( 1) ST K  
p

A IL )eA I MV) 
-

~IL)~~PIMV ) ~~..  p P p pp - p .. p p

C (L)~ CI MV ) p

DIL)aO(MV )
ICIL)’ICCMV ) p . . . 

p 
- . p p - p p p p  p 

p
TJIMV).T5 p - 

p
p p 

- p

p ~CMV).S8 .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -p .P . . . . . P p ..~~~~~~ 
p 

~~~~~~ . -

CI MV I ‘St
D(MV)’SD p 

p

ICC MV).IS p p

1’141
IFIL.LT.NL) GO IC 10

T7 RETURN ..P ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

END P

p - p P- p p p p - p -  pp pp _ p p p p p p~p p . ~~~_p~~p . p p p p p p p p 
p 

p P p . P 
. 

p - p - p  
P

I - . -  ~~~~~~~~~~~ p.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - - p. . - .

S.

a p

~~~~~~~~p p P  

p p .  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. . . .~~~
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cuI~RouTINr~ PREPOS
p COMMflN/GI)ATA /PV,RflPflr,,R,4,R,AR,A$Q,15Q,ATPHC,T ,r,pACrTh,,EMFC,A ,Sr)LS1s)

1 ,SHA ,IYR ,fI- P
CflMM(N/SATI~R R/TflR6,CXO,xHR,XS( 3), SLAT ,SLON,SHGT,ARIFS,

I IFDA Y,rPHP ,SEM IMA,OECCFN,ORBINC,XMANOM,PERHEL,ASNODE , 
p

2 XWMC,SROP’E2,PX,py,p7,CX,Cy,QZ
P1= 3.1’.1~ S2~ 5 p

~flPflG~PI/ 180.0
P R=6 .371.221

A=6378. 3138 p p 
p

R=6356.qlZ

ASQ=A **2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p p p . . P P p P P pp

BS C- = R ’ ~24TMHGT=8.Q p p
p 

- SOLSIP= l .00273791
EMEG AzPI*SCLSIC/12.O p

SHA 100.26467 p 

-

SI4A3RDPDGtSI~A - . . .. . . . . , ,  p .. ..

TYR=4001
Il-IR=0 - ‘ p
GRACONaO .074,36574 - 

p . p ~p p P p

R E A  ‘ -
XMMCaGRACCNIP~ * SQRT(RE/SEMIMA )/SEMLMA p

p SPOME2=SQRT(I.0.OECCEN)*SCRT (L.0,O ECCEN I p p p p p p p ~~~~~~ p. p p p p p . p  p
(I RDP0G~~OR8!NC p 

P

SC—SIN (fl) p p

CflaCOSIO) P -

P RDPDG*PERHF L p

SPZSIN (P )tSEMIMA - 
p 

I P

CP=CC)SIP)*SEMIMA 1 
~~p

P I

SaRDPOG*ASNODF 
p 

p 

- 

p

SA.SIN (S)
• p CA’CC)S(S) p 

~~~~~~~ 
p p 

p p 

p
• PX=CP*C A~ sP$SA*cQ I I - I 

p p p

PY5CP’SA,SPCCA*CC p p p P

P2 SP SO . _ - p  ~-p~~~p_p.p p~ pp_ p~~~~~~~~P I p ~~~~ -

CX~ •SP*C$~ CP*SA*Ct) P P

QYa.5D* SA+CP*CA*CCoz~ c~.so p
PRINT 10

10 FORMAT (/2X,~ PREPOS:EMEGA ,XI#I~C,SRCPE2,C,P,S,PX,PY,PZ,QX,QY,01I) 
p

p PR INT 20,EMEGA,XMMC,SROME2,C,p,S,PX,PY,PZ,QX,0Y,QZ - P p  p _ - p p --
-p — p . 20 FORMATI/2x,3c12.8,4F20.4,/2x,SE2O.4)

RETURN
END 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. p
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FIJMTICN LOCT YR)
ifl~ C -

IF C MeOI IYR,4).FQ.O) 10’l
R ! T U R N
END

H

a

P PP 1

p 
p~~~p p p p ~~~~-p~~~~~~~p_ - -  -~~~_pp -p - p .- p - p .-- p. p p p P -.p p- p . p p p  - .~~~~~~~ Pp-.p- . -P .. - - P  -p-
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G LEV EL 21 PPFSA T flA T~ ‘ 76261 16/02/41 
p

cUI;POIIT!NE PRFSAT
CC MMCN /SC?NR/TSCAN ,NUMS~~N,NflbCLN,TOTI1P4,0rGiIN,RA0iIN

I ,PICLTN,TC1TELF ,DFGFIE,RAO FIF ,PIr.FLF,FF, PITCH ,yAW ,P0I1,SKVW ,DtJTML I
?,Rfl TM 13 ,~l f lT l~21,POTM23,RflTM 3I,RflTW31,RFAC T ,I~CA SIN ,SD,C 0,P0TP,PPAT
c MCM R,I T*/PT,RCP ,RF, 6,E,Ae, ASQ,I~S0,ATMHGT ,GRACr)N,FMF1A ,SI-1I5ID
I ,SIIA ,TYR,jHk
CflMI~I)N /P.1AVSLN /TNAV,NAVN ,1ANDN,NIT,MTT,NORR,N0AY ,FL ,CP,ET ,SPIN (3)

1,I~ASCrN,DECLIr .i,SpINRA,TMpsCL,GTIM (16p ,8ETA (16),nooT( L6),NGAM(16,
~ FC =DECL INIRDPPC,
S TN (t~C= IN C CEC I
C DSDFC=CC S ( r~ C)

P RA S=RA ~ CEN*RDPPGSI~’PA S= StNl RA S ) PP P p p p P p p P P  .. ~~~~~~~~~~ p p . .. p p .

CO SR A S’CO!( P AS I
SP INAX’CO50EC~ Cfl SRA S
SPTNAVaCCSOFC’*SIPRAS 

p

SPIN ( 1) ‘SPINAX
SPINAZ=SINCEC pp 

. SPTNI 2 )aSPIIAY . . ~~~~~~~~~~~~~~~ .... .. p
SPIN (3)aSPTNAZ -

CP1TCH=RDPCG*PITCI~ I

CYA bS’RP)POG*YAW 
p p p p 

p

CPOLL’RtIPOG ‘ROLL
PSKF W ’A TAN ZCSKF.W,R*DI IN / PACELE )

-p-p PRINT S . . 

p
P 5 FCFMA TI//2X , ’PRESAT : DFC ,RAS,TMPSCL,PSKEW ,SPINAX,SPTPIAY,SPII4A1’)

PRINT 6,DEC,RAS ,TI4psCL,PSKEW,SpfMX,5PINAy,SpTN*~ P6 FOFMAT(/2X,7F17,e) P P P P p P p P p P P  p
p 

ST P’ S IN(C PlT C H) p

CTP=C CISICPITCH )
STY’SINCCY AW—PSKE w ) .~~~~~~~~~~~~ .. 

p 
~~~~~~~~~ ~~~~ P P p -- p p 1

CTYaCOS (CYA W..PSKEW)
STR’SIN (CPOLL)

• CTR ’C QS (CP OLL ) p . . . .  p p p

ROTMIIaCTR$CTP P -
ROTMI3 STY*STR*CTP.CTY*STp 

p

. ._ ._ RflTM21’~ STR 
~_•-p _

p - RflTM23aSTy*C7R 
p

RflTM31a~sCTR*ST p p

ROTM33aCTY+CTP ISTy*STP*STP P P P p

RFACTaROTM31RI$2.R01M33**2
POASIN2 ATAP42 (ROTM3I,ROTM33) P

PRINT 10 - .  - 
p p -~~~ p ~~~~~~~~~~~~~~~~~~~~~~~~~~~

P 10 FORMAT I 2X,’PRESAI: SPTN (I ) WHERE 1’1,3,ROTPIL,ROTML 3,
p IROTM2I,R0TP23,RCTF31,p0TM33’) 

Pp p PRINTIL, (SPIN (I),1.1,3),qOTp1t,R07p13,ROtp21,p01M23,ROTM3I, p P

p p 1RC)TM33 p p 
- 

P

p 11 Ft)R~.ATI2x,9P13.oJ PP p

RETURN pp p p p . p p . . - p p p p p _  .- .. . . . - p . ~~~~~~~~ — .. p

END

/ p

4 P

- p P - P P p P _--p .p - - - - p . P p p p . - .— _ - - p - p p P p  p . . 47 P p .
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CWTflRR DATE 76261 16/02/41

S(JftI~ftp T IN I~ GCTC~ (~(LOAY,HflUI~)(1M~ft1N/’~(gI 1- E~ / KFi A M) ,PUAY

1IEf)AY ,rPHR ,SE MIMA, OtCCEN ,oR c~TNC,xwM .,CM,pERHEl,AsNoflE ,
2 X M M C , S R ) M F 2 , P X , P y , P Z , Q x , Q y , Q j
ICPR=—l
IF(JORB ) 10,70,30 

P

10 TFDAV=4216
FPI4P =O.()
SE~1 !MA=421~ 8.8tC t C C E N =O.001207 

P

OPRINC=1.920 P

XMANOM=181•235 . p 
p

PFPHCL =247.3 16
AS PJ Ofl F =tc R.189 

P

~(1 TO 71)
30 PEA !) 33 ,IEO IV,F p 14R ,SFM IMA ,O FCCEN,OPRtNC ,X MA~sJOM,pERHE1,ASNOflE
33 FDRMAT ( I6 ,7 F 15 .6)

IE DAY =MDAY p

PP T NT 65 P

65 FC1PMAT( //2X,’GETO RI: IEDAV,FPHR ,SFMIMA ,OECCFN,ORBIP IIC,XMAN DM,PERHEL
1,ASNODE’)

70 PRT r~4T8O, IFOAY,EP H P,SFMTt ’A ,CFCCE~ ,CR81NC,xMANDM ,pERHE1,ASNflflE
CALL EPOCH (IFDAY,EP HR ,SEMIMA ,QECCEN,X MANOM )
PPINT8O, IFC*Y,E PI-R,SEMIPA,OECCEN,ORBINC ,XMANQM ,pERHEL ,ASNODE

80 FOPMA TC5X ,’OR PIIT’,T 6,7F15.6) -

RETURN
END P

•

C

- --~~~~~~~~~~ - - _  -p .  
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SUORt)UTTNr SETSCN (KP’~NO )
CCM”CNIS (ANP/ISCMI ,NUMSF4, P 4 1N,T0111t4 ,1)cr,IIM ,Rhflt.It l

1 ,PICLT N ,TOTELE,DEGrIF,FAOFLE ,PICEIE , rF,P !TCH ,YAW ,POLI,SKFW,RO TMI L
2,P(’TM I .a,qOTP’21,R0TM2 3,ROTM3I,R01M33,RFACT ,ROASIN ,sc,cD,pDIR,PRATp CCM Mf l M/ GDA T */ Pf , ROP DG ,RE ,A , P ,48 ,AS Q ,BSQ , ATM HGT ,r,R4CON,E MEGA, SO LSIO
1 ,SH A ,IYR,IHR -

~ 0P CLN= () p

PREP AT - !O.O
V 

PPE f l f ’~=f l , O
PI TCH O.O ‘ p 

p 
p

YAW=O.O
pnLI= OIO P

~K FW O.O P p P Pp p p P p p p p P P .p P p

Pri IQ -~O.()

SD= S IN (PDI R ) P

CP=COS (PDIR) p

IF (KPANC.EQ.2) GO TO 30 • 
I p

NUMSEN=8 .~ P p P — -

CO TO 45 -
30 IsUMSFN=2 - p

p 60 10 45 - 
I ’  

- p 
p

45 SFNSrIR=NUMSFN p
TOTLTMZ1821.O*SFPISOP pp 
OEC,LIN=20.O -.

TCTELF=IqIl.O*SENSOP
DE GEL E= I8 .375
PTCLINa(TO TLIN+I.fl)/2.O

p PADLIN’ RflPDG’~CF GIjN/ (TflTLIN 1.0) p

R4! ELE~ RDPCG*PEGELEflTCTELE_I.0) 
p p

- -EFa R A! )E1F/ (2.O~ PI)
52 PRINT 53, KRAND, SENSOR ,TOTLIN,OEGLIN,TOTEIE,DEGELE,PICLIN,SO
53. FOPMAT (/ 16P1 SCAN CONSTANTS. .15 ,2F13.1,F13.4,F13.1,F13.4,

1 2F13.1) p

I 

IJKaI .. 

p

PRINT 9qq,IJK ,PCLN,PICL IN P p p  p ..~~~~~ . . . . p P

9~~ F O R M A T ( ’  PCIIs ,PICLIN PRIM N0.’,17,2(IPG2O.10))
RETURN p
END ‘ 

P

P 
‘ p 

P

— p-.p -—— ——P

p i — — _ — —  
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——p— __ _ - p _ pP
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V C LEVEL ?1 EPOc H DATE = 76261 16/02/47
p 

cuRPflu-Tl~Nr FPflCIl(fET !~~y,EPF4R ,5EfrIWA ,CFCCFN,X p FANA ) p
I PI~~3.14l5c1 2~c~5

~‘flPflt; PI/I8O.I)
R~~~ 6 3 f l . 3 n f l
(QACCM C).074365?4 P

X PIA NrIPI= P9 PP)I!; *X PF A NA
T I M E = ( X t ’ A N P~ ’— O E C C E M S I N C X M ~ N O P 4 ) ) / ( 6 O . O * X M M C )
I’RINT 20

20 FCR MAT (//2X, ’l~P’)CH: XIP’MC,XI~A II~CU ,XME ANA,T1ME~~) P

PPTN T 21,XPPC,XPANCM ,XMEAN A ,TIME P

21 FOP.MAT (/2X,AFU.7)
I 1tME1=!~PHR 

P P P P _ p _ p _ - p p _ p 5-p 
P

T TIMF=TT !4~~I.sTtM F 
p

f PR I N T  30,TI~1E ,I CAy
30 FflRMAT( /~~ ,I~ pflcps~ TI?’E,II)Ay’,/2x,F12.6,16)p 

IFITIM F .L T.O.0) ICAY=! DAY— I
p T I M F T1~ sE...24 .o* IDAy  P

4 FPHP=TIME
P XM P ANA=O.O

PRINT 4O,EPHP , X ~’EANA p
40 FC1RMAT (f2X, ’EPOCH: EPHR,XMEANA’ ,2x,2F12.6) P

IF (IDAY.EQ.fl) GO TO 12
p JY~ AR=M Ofl(ICTIMY /IOQO ,1oO ) p pp 

JOAV=MO 0(TETJMY ,1000)
P 

JPAY JDA Y+ICAY
IF (Jr)Av .I.T.I) GO TO 5 p

p JTOT= 36 5+1t1 (Jy E~ R)
IF (JPAY.GT.JTOT) GO TO 6 -

GO T D 7  . .. .. . . .  . . ~~~~~~~~~ . .
p 

~
- JDAV’365+LD (JYEAR )+JOAy -

• GO TO 7 P p . p - p p p p . P p p P . .p .p.P . p p . p . p p p p .  p PpP p p P .~~~~-p p P

6 JY R=JYF.AR+I P 
Pp 

JDA Y ’JD AY JlOT 
p 

. , . . , , P

7 . ICTTMY *1000*JYEAR4.JDAY P.P _ .PP.. 
~~~~~~~~~~~~~~~~~~~~~~ . _... . _ - .  -~~12 R FTURN , p

P END -

‘ ‘ a P ~p - 

p

p p P 

~

P P p _
~~~~~~~~~~~~~~p P p

’

p p p  

p 

P -

/ 
- . 1  - p

- pI 
S P p

-~~ 
p p I. 5  P P • -

P~~~P/

I
i S
P ~P P -

Pp

p 

p 50 
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p-S
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SIPfl POIJT TME SPTNAX (NUMSPN,CEC ,RAS,~~CLN ,NiT ,MIT )
P !,~

. AoN/x A,~n/NLAM ,,LoA Y ,ICcCF (32 ),PTIMrC3� ),X1INc 32),xrI.rI32,,
LXLAT ( 32) , XLCN ( 32) ,DL INC 32) ,OELF ( 32) , TI 32)

Cr~-’P~rN,r ;cATA,pI,pCpCc .,R ,A,P1,AB,AS Q,IISQ, ATMI4C,T ,GRACON,EMFC,A,SOLSIO
I ,SHA ,PtR ,IHP
CflMP ’ON /SCANR /ISCAN ,P~1NSFN,NOPCLPs,TCT1IN,DEG 1TN,PAflLIN

1 , PI C1 !N,T0TE1E,CEC,F1E,PAD~ LE,PICELF ,E F,PITCH ,YAW,POLL,SxEw ,RC)TMII
P 2,RnTM I 3,RC)TI’21,POTI’23,PC1W31 ,PCT~’33,PFACT ,RrAS1N,SC,Ct),PO1R ,PRAT

PI MENSI f1N OILS)
PPU”lF pRr:C I5 ICN ZEV~CT,X 1A ” ,S1,S2,S3,P ARM1,PARM2,PARM3,SA ,CA,Sl5,C8

p 1,SP,CP ,GA ,GM ,Gt,G2,G 3,LA,~ B,Xp,CQSA,G~ ,GP
t~CI ) P t E  PRECISION CS0RT,CS I~i,DCCS p 

P p

DEC =90.O I - . -- - - - . ‘ - -

RAS =O.!) -

PCL~ =PEC 11N P

00 2 t l,15 P P

2 C (I)aO.O 
p p

NUMSPNa () 
p 

I

0’) 3 T =1,~~LAND p
ICDDE1V=MOD (ICOCFI 1)/100, 10)
IF (1CfV)EN.F~F.O.A~sfl.ICCCEM.N~ .1) GO TO ~3P NPJMSPN=NUMSP N+t

P

. PT C T T M a P T I M F I I )  P 

P p
p

SAM T I M =V T I M E C P ! C T I M , X L I N ( 1) ,X E L E ( I ) )  
p

EAP RPT EM FGA*SAMTIM
ST=SIN (EArRCT ) p
C T = C O S ( E A P R C T )  ,
PRINT 100,CMEG A ,SAMTW,EARROT,ST,CT

100 EOP.MAT(//2X,’SPf~ Ax:FMEG~~,SAMTfM ,EARRC1 ,ST,CT.,/2x,5E2Q,5)CALL SA TP OS ( Lf lA ’ 1,5AI~T I M ,X 541,y~ A1,Z 5 A T )
V1 A1=XL ATC T )*RCP CG . . .  .~~~~~~~~~~~~~ ... .. . ._ p pp YLON =XL ON ( I )*~~~p~~
SINLAT~ SIN (Y 1AT)
C O SL A T = C O S IYL AT ) 

p - 
p

STNLON=SIN (YLON ) . .
-
~~ , 

p p 
-

COSLCN COS (YLON) .~: . .. .

X T C O SLAT * CC !LCN 
pp 

p p. . P _ p .. _ . . p . . p p  . . . .. . . .~~~~~~~ . . . . ... 

P

V aCOS LA T*S 1NLQN
Z~ SINLAT p
T A N 1A T . ( S T P L A T / C O % L A T ) * ~ 2
RR=SQRT ((1.~ .TANLAT)/(t35Q.ASQ*TANL4TI)*45 

p

PRINT 20,X,Y,Z,TAI%LAT.,PP p 
P

20 FORMAT (//2X, ’SPINAX: X,Y,7,IANLAT ,RR’,/2X,5F15.7) . . .. . p

X~ RQ*X
Y~ RR~:Y p

p Z a R R l p 
p

X L a X — X S * T  P 
- p 

p

X2 ’Y~~V SAT
P p X3’Z ’ZSAT P ... 

p p

XFACT.1.O,SCRT (Xl*t2,X2*$2,X3*$2)

~p ~~ X1’XI’XFACT -

t~ /4 X 2 .X 2 *K P hC T
X3 ’X~~~X F A C T
% I X ’ C T ~~X L . ’5T ’X2
uY* ST 1, CT* *2
17= $3

Yt IN .CXLJN () )ap CL 1f l 4u p~4 f lh INp P R I P T  3o,KclrT ,tlx,uy,u~ ,y~~ p~ p

- --: v..- . .. , • .~i : ~~~~~~~ ~~~~~~~~~~~~~~~~~~Pp P 

~~~~~~~~~~~~~~~~~~

Pp -,
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31) FnfH~qA T(//~ x , *çp~ ?J4x: XFACT,UX,UY,IJZ,YLIN’,/2X,5F13.5)
SI N!. IN~ S1’lIYLIN )

p cflS~ IN=C OS (YIIN)f l ( I ) ? O ( 1 1 + U X ’ 2 p
‘)12) 0152)+UX*UY

p ~ r’( ~4 ) — f l (  U• IJX $tj Z
p - I 4 I — I’l ~

-, ) • P J y ~.~~,
‘ ‘ I  . I —i i( , )  e I j ~~~~IJ/

~~~ )
~~P~ C ‘.1 ‘~j/’—2n I r = N r )~~IJx .CcsLIri p

CIR )=fl( 8)+UX ’SINLIN
flI~7)=P (9)+UyaCtIS L IN

p OhI O I= flCL O )+UY *SINL !N 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~ . . . .  . . . .  p

D( I I)= I) I It ) +l1Z*COSIIN P

D(12 )=fl (12 )SU7*STPLTN
p D(13)=r)113)4COsIIN*$2 p p

01 14 1=0114 ) +S TNt. IN~~ 201 15)=D( 15)+CO!1It~*SINLINp PRTNT5O 
p 

. . .  P. .. . .

50 ~r)RMAT(2x,’sPI
p
~A X:X1,x2,x3,ctJ ) WHERE Ja1,15’)

PRINT 51,X1,X2,X3,(D(J),Ja1,15)
51 FOPMAT (2x,9F12.8,/Zx,9F12.$) 

- 
p

3 CONTINU E p •

IF C NIJP4SPN .EC.0)RETURN
IF I N (JMSPN.EQ.1)GOTOI3 p . .~ - - - - p p p . .  p

P NITLIM’5000 P 1MI’LIMa5 (iOO
X L A !’ *1). 01
7FROTaI.E 7
SIgO.o p

S2 PI/Z .0  
- p

S3=PI/ 2.0
PARM IaO. 5

• PARII2aO.75 
P

PAPM3s — O,5 
p

N’l . ..  Pp ...... . . .  .• . ... . • . . .. ..... , -l aO p .  ~.-ppp p p . p -~~ p Pp p p p P p p  p p  

p p _ p p p  pp p p p p p  P p . p
Ju0 p

~
p

4 1=1+1
5 IF (XLAM .LT .ZERCT )G0 TO 11 . P

SAaDSIM (S1) a p
CA C COS ( S 1)  

p p .

- S~ ’I)SIN (S2) 
-

p p _ -p p

C8’PCOS(S2 )
SP’OSTN (S3)
CP— OCOSCS3)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2*CA*SD +O ‘SA*C Cr’.Dl In )-~$A*f Bs5P,OItl)w SA*SB*Cp-usfl ( 12

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2!I*CP,fl(12)*(*.C8*SP
IFINOPCLN.EC.0.CP.NUMSPN.FQ.2) CC IC 6

1SP+flh12)~ CAsS cp.Iol13 )*spIIcp, (14).$p .cp,D( 15)*I2.OCSP**Z*1.0I
~~~ PR INT 60

60 FOR MAT ( 2X , ’~~PI p4A x :GA , GB ,G p . )  p

PRINT &1, GA ,G8 ,G E p

p 
_ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Is? ” ‘7 C?X,3F12.8) 
-

(~ t~ T I)  7
6 CP=fl.O P

7 r,M~ nsQl)T(r,A**2,G8**2,Gp.*2)
p GA=r,lI/r,M

( =r,P/GM
(P~ r,P/GM
CO T O ( 8 , 1 0 ), N  P

8 N=2
9 G1=GA p

C2 =(B - p P

r ,3 =GP  p

- X A = S 1  . .  . .  .. .~~ . _ . . .. _ ~~~~~~~~~~~ . .  p . . _

p X P=S2
X P = S3 P

SI= XA .1X14M*GA p

S2=Xn-xL aM~ Ge
P S3=XP- ’XLAM~GP P

t.

TF II .EQ.NIT L!M) GO ~O h 1  -pp p .  ~.~~~ p P.p p p p pp p

p 60 10 4
10 C0S4~ G1*GA +G2*Gfl ,G,*Gp

XLAM=XLAM * (COSA *PA RM1,PARM2) . .~~~..

IF (COSA .GT .PARP 3) GC IC 9
S1— XA
S2’X8 . . . . - ~~~~~~ P p .  p

S3=XP
J=J + 1
IF (J.EQ.MITL IM )GO TO 11
GO TO 5

P 

~~ PRINT 70 P

70 FOR !’*T (2X ,’SPIN AX :COSA ,xLA pI ) p . , — -- -  . _ .  p— .— . . ~~~~~~ ... pp 
PRINT 71, COSA,XLAM

71 F OR P~AT (2X,2F15.7)
. NIT.I 

-. .  P

MI TaJp 
SP*X1aDSIN(51)
SPAX2 .OCO~ (51)~ oCcS(Sz) p . p . •~~p._~~~-p_ .. P p  . . .  p p
$ I’AX 3a DCOS ( Si ) ‘OSI NC S2)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
PAS O.O
1F(SP4X 3 .~ T ,~ •I999qq999 ) GO TO 12

p PA S .A T4N2(S pAX2,S pA x 1)/PD PCG
12 PC LN ’PCLN ~ (S3 ~Pj/2.O )/RACLIN - -P - p . _- - ---pP_~~~.. . P P P . . p  P p

PRINT 80
I 1 80 FOPNATC2X, ’!PIr~AX : CEC,P*S,PCLN’)

PRINT 81, OEC ,RAS,P CLPd
81 FO RMAT (ZX ,3F15.7) - 

P .
~~:

.

13 CONT INUE 
p

RETURN . . . .. . . p P P  -~~
EN!) 

. c P p

p

.

- - -p.PP::~~~~~~.~~~~~ ~~~~~~~~~~~ 
_____



SAT FA R DAT E a 76261 16/02 /4 7

SUPF OIJ TINr~ TFA RI PTCTI M ,XLtN,X ELE ,xLAT,XLON,tT YPr,NFRR,RET4JP1, R~ TlO f lT ,A TF RAC )
PEA lE ROC: (350,6),SATFAP.FIN/Mv

SA TEAP . COMPUTES SATELLITE f1) Q R 
~~!ARTH CIDOR * EART H EDGES • SUB POINTS

110) TS DEE INEC TV) I~E CRIErNWI CH HOUR 0 OF NAVIGAT ION
LATITUDE RAMES FROP 49OT (~~90 SCIJTH
LONGiTUDE RANc.~~S FRO M •)8010 180 WEST
= * k 1

IN PUT PARAM ET E DS

PICITIM P IC Tu R E START TIME C IOIIP~ FROM 1(0) 1
XL !N a SAT ELLIT E COCROTINA ’E C 1T !~E ) 

p

XELE SA TELLITE COORDINATE C ELEMENT I I 
p

XL AT = EARTH COCPC INATE C cP.EES LATITUDE ) p

XION = EARTH COORDINATE I DEGREES LONGITUDE )
ITYPE = 1 FOR SATELLITE COORDINATE TO EARTH COORDINATE TDANSFROM

= 2 FCQ EART H CrORCINAT E TO SATE LLITE C000INAT E TRANSFORM p

= 3 FCR 1FFT~ Rl GHT OBLATE EARTH EDGE I XLAT a LEFT , XLON • RIGHT I
4 FtP S!JFI— PCTNT C XLIH’IINE , XELF=ELF. ,XLAT.LAT. • XL ON’LON . )
5 FOR ROTATI ON ANGIE C X L I N  • ROTATION ANGLE I

NEPR ERROR FLAG (=0 FOR NOR MAL RETURN, ‘ 2 THRU 9 FOR ERRO RS)
RE TA IN a BETA ANG LE AT 1(0) C ELEMENTS I
R~~TDOT a RATE CF CHANGE OF BETA ( ELEMENTS PER HOUR I
AIFRAC .CLPLJD I-EIGHT COEFFICIENT I RANGES FROM 0 TO 1 I
1TF~ = I TEPATICN COUNT
GAMMA = RETA ANGLE AT SAMPLE POINT TIME C RADI ANS I
SAM TIM = SA? ’PLE PCINT TiME ( HOURS FROM 1(0) 1

C.T. MOTIERSHEAO/CSC 
P P

213 OCT 1975 
P p

p CCP4 !’CN/GDATA/PI,RCPCG,R ,4,8,A8,AS Q,BSQ,ATMHGT,GRACON,EMFC,A,SnL51D
1 ,SHA,1YR,II-R
COMMON/SCANR /TSCAN ,NUMSEN,N O PCL A~,TCTLTPI,I)Er,LTN,RAflhINi,PCLN ,T O T E LE ,t ~EC .ELE,RA f lEL E,PICELE, FF ,P!T C H,YAW ,Pr11L,SKEW, ROTM LL,

2ROTMl3,PO1M21,ROTI~23,POTM3l,ROT?33,RFACT ,RaASIN,SD,Co,pO;p,pR1 y
COM PON/NAVSLN/ It1AV ,NAVN,LANON,NIT,MIT,N~)R8,NDAY,FL,FP,ET,SPIN (3),

1 RASCEN ,DFCLIN,SPINRA ,TIAPSCL,GTIM(161,BETA (LEI),BOOTCIoI,NGA N(I6)
COMM ON /SA TVEC /X SAT ,YSAT ,lS A1 ,HE IGHT ,XVECL ,XVEC2,XVEC3,THETA ,

1ARO111, 4R0T12, AR 0TI3,AROT21,AROT22 ,AROT23 ,Ap0T31 ,~ RoT32,ARoy33111411=3 a
NERRaO p P p P 

- 
-

BR ANCH C 1~ TPAI ~SFCPP TYPE

GO IC (12,9,12,9,9),I1YPE .. 

p

-~ INI TA L IZE FOR LA TLCNG 0* SUBSA TELL I 1F POINT CALCULATION

XLIP4=PCLN 
P

xrLczp (CELE -

ITFQaO 
-

COMPUTE T IME DE PENDENTS PA RAME T ER S

12 SAMT IM aV T IM E (P TCTIM,XLIN,XF L F )
~~~~ GA MMA aR4O ELE s( ISeTAIN , (~c yflDT ‘SAPTII’)

CALL S*TCOR(NDAY, SAMT) M ,G AMMA ,SPIN)
.4 54 ’

_ _ _ _ _ _ _ _ _ _  - p p 
~~~~~~~~~~~~~~~~~~~~~~~ 

p _______p_pp. P P P P P P Pp~~ P 

-



p p . - p p

SA T fA P  DAT ! a 7621,1 16/02/4 7

P~~1NT ~f I , S~ M TlM ,pIf JTM ,XLIN ,XFLF ,r,AMMA ,RFTAJN,8F TflOT,5PIN
10 FPPPIAT(//2X ,’SA TFA R : SA~ T IV ,P1CT1M ,XL IN,XELF,GAMMA ,BETA IN,RETOflT, P

LS P I P 4’,/2 X , .4E20. ~~. /2X,4’~2fl.6) 
P p P

CHECK FOR TRANSFORM OIPFCT ION

— 
- 

C,’) Tfl(~~4,I6,2O,22,~~~),jT yP~ 
p

.2 P

TPANS FORM FROM SATELLITE COORDINATES TO EARTH COORDINATES 
p

.2
16 CALL LA TLCMAT FPAC,X 1114,XELE,XLAT,XLCN ,NERR )p 

PRV ’1T 30 P 
I I  p

30 FCPMAT(2X,’SE: XL AT,xLCN,NER P’) L . . .  4 

P

PRINT 31,XLAT,XLON,P4ERR
31 Ft)PMAT (2X,2F15.7,IR)

GO TO 71 
p P P

TRANSFORM FROM F~ PTH COCRCINA TFS TO SATELLITE COORDINATES

16 TTEP=ITER+1
IF (ITF R .GT .LIMIT)GOTO 18 p P P

T F( ITEQ .GT.1I GOlf) 17 . . .  p p

2 ~•~~-~~-t* 
-

- 

p p

2 COMPUTE EARTH COORDINATE VECTOR p p - p .. - p
- 

- p

CALL VCLALO (ATFPAC ,XLAT ,XLON,XE,YF,ZE, NERR)
P R I N T  40

40 FCPMAT (2X,’E APTI-’ COOR . VEC.: XF,YE,ZE,NERR’) p

PRINT 41,. XE,YE,ZE,NERR
41 FORMAT (2X,3E20.4,I8) P_~~~~~~~~~ . . .~~~~~~~~~~~ P

ie (P4rqR.GT.oI GCTC 77
17 CALL I.INEL ((XE,YE,ZE,XLTN,XELE)

• PRINT 50 P 

P

50 FORMAT (2X ,’L f P ~ELE1 2 XL IN ,XELE’ 
p , 

-

PRINT 51,XLTN,XELE . , ,. . , . ,  p P

51 Fr,RMAT(2X,2F15•1) _ _ ,~~~~~~~~ . _ .• ~~_ p

- 
G0 10 12

-
~~~~ CHECK IF POINT IS OFF FRAM E AND IF SO SET ERROR FLAG

18 TF (XLIN.LT I.0.0R,XLIN.GT.TQTLTN) NERR~4H ~~~~
. . TF(XELE .LT.1.0.CR.XELE.GT.TOTELEI

t ~~~. GO TO 77
p 

‘ 
P 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S flS S p

2 ***** PEAR TH EDGE COMPUTATION -

CCMPUTE POINTING VECTOR IN SATELLITE COORO1NATE SYSTEM 4? ELEMENT 0

SURROUTINE HORIZON P407 U5FD
20 CONT I NUE - 

-

GO TO 77
C — — ses a

~ C SUfl”S~ TEL LlT€ •CINT COI’PUT~ ’1CNp p
‘7 IlrP,lTftP.t

P Ir I IT rv .1? .tIl .ITI (.0 TV~ /1

~~~~
. —.p~~ 

‘- ~~~~~~~~~~~~~~~~~~~~ 
* -.-- - - -—- - — — -

~~~~ 

- 
it



—p.-—- p p ; pp p --p p-

t . SATFA R DATE • 76261 16~ O2/47 
p

p CALL LINELF (0.0,0.0,0.0,XLIN,XFLE)
P R I N !  60

4 60 FflI~M AT (2X,ItINE LE2 : XL IN ,XFLE ’I
PRINT 61, XLIN,XEIE

61 FOPMttT (2X,2F15 .7)
CO TO 12 

p

C
C CCMPLJTE StJfl~ SATE1LITF POINT FROM SATELLITE POSITION VECTOR
C

23 XLA !aAlAN (XVE:C3/SCRT (XVEC1*~ 2+XVEC2**2))/RDPDGP 

XLEN =A T AN2 (XVEC2,xVECL)/ROPOG
PRINT 70

70 FORM4T (2X,’SUB—SAT PT.: XLAT,XLCN ’) . . . .. . . p . . . .p_

PRINT 71, XLAT,XLON I

71 FORMAT (2X,2F15.7) •
IF! ITYPE .EQ.4) GO 10 77

77 RETURN
p 

END . P 

-- p—- P — PP P P~~P 
p
_ _

pp 

p . P p . .  p . . . P p . . . 
pp 

p p

P

~~
P 
-

_ _ _  - -  -

F

p 

56 
I 

p

r
p ~~~~~~~~~~ p~~~~~~

P

- .- ~~
.

p P



-. 
p .-

LEVEL 71 SATCOR DATE 76261 16/02/47

!~URP fluuT iNF SATCCP (Nr.Ay,S AMT !M,GAMMA ,SPTN )
C SA TOP IISCS THE NA V Ir, A T T C N  ~OLUT ICN (ORRTT,SPINATT ITUOE ,GAMMA)
C Tfl CAL CULA TE T I-I F SAT ELL ITE COORDINAT E Pr)TATION MA TRIX AROT
C AT THE SAM PIF TIME , AN D STO RE IT IN TI-F COMMON/SATVEC/ 

P

C SC SIN C GAM MA I p

C CC a COS C GA MMA )
10 EA RRO T EA R T H RCTA ”ICN FROM 7(0) (RADIANS 1 

p

C ST • S I N  I EAR POT p

C CT • COS I FA PROT
:~ C‘C C.T. MOTTFRSHEAD/CSC

to OCT. 1975
--p CCMMON/C .r)ATA,PI,PDPOG,R,*,9,AB,ASQ,RSQ,ATMHGT ,GRACOM ,FME G4,SOLSID

,SHA ,IY R , IM P
COIMON/ SATVEC /XSAT ,YS*T,ZS AT ,HFIGHT,XVf!CI,XVEC2,xVfC3,THETA ,

‘AROTIL, ADOTI2,*ROTI3,AROT2L,AROTZ2,4D0123,Ap0T31,AROT3Z,AIkOT33
DTM F NSICN SPIN(3) p
SGaSIN (GA MMA) p . p P

CGaCOSCGAPM*)
PRINT 30,GAMMA,SG,CG

30 FOPMAT (//2X,’SATCQR : GAI’MA ,SG,CG’,/2X,3E20.8) P

FARRO TaEMFG4~ SAPTIM
• STa!IN(EIAR ROT)
CTaCOS C F AD RUT 1

PFPOINT SPIN AXIS AS FUNCTICN CF PRECESSION
~

P
C

SPAXIa SPINC 1 ) -

SPAXZ= SP INC 2)
SPAX3=SPIN (3) p p 

p p P p
CALL PRFCES (SAMTIM ,SPAXI,5P4X2,5p4x3)

C 
p

S CCMPUTE DISPLACEM ENT VECTC~ FROM ORBIT INFORMATION C KEPLERIAN MODEL I

CALL SAIPOS (ND*Y,SAMTIM,XSAT,YSAT ,Z54T) p

PRINT 50 . . .  P p - 
p - P p p p 

P P —
50 FORPAT(ZX,’PRECES SAIPOS: !PAXIP,SPAX2,SPAX3,XSAT ,YSAT,ZSATI)

p PRINT 51, SPAXL,SPAX2,SPAX3 ,XSAT,YSAT ,ZSAT
51 FflPP’AT (2X,6F~ 5.7)

-C CCMPUTF UNIT POINTINc VECTOR -

P C P p
HE ICP4T~ SQRT ( XSAT$S2,YSAT*t2,ZSAT**2)XVECI.X SAT/P- F I. GM?

P XV EC2eYSAT/HEir,HT p p
p XVFC3 ZSAT /P-EIGP-T - p

THFTAIR FHEIGHT
“ p

H C COMPUTE N%~MINAL SAT ELLITE POSITION ROTATIONAL MATR IX
P p  C

AOflT31aCT*Sp4Xl,%T .1SP*X2
APOT3Za.ST*SpAXI ,CT,SpAX2
AI~OT33=SPAX 3COS.~aXVFC I A ROT3L,XVEC2*AR0732,X VEC 3**R0133p vvrCt .xvrci .criSA .4qn131

-~~ YVFC?-XVFC2”COSA**R0T32
P yVrC3 .xVEC 3~CosAs*RcpT33

J _______________ ______ 
57 p—p..—- 

.p .~~~~~~~~~~

p 
. . . .~~~~



;
p
~~

- 
~~~~~~~~~~~~~~~~~~~~~~ . ____________________ _______

/ -
. 

p 
p 

-

FV ’~I. ~~ 5ATCO)~ 
O AT F  a 76761 16/ 0 2/ 4 7

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~PfUs\lT 40 p
40 FO~~-IA T (/~ ?X ,’%A TC~ R: FAR RCT,H!IGHT ,SAMTIM ,C!TSA ,YVECI,YVEC2,YVFC3,

lYt•,’IP I ) . p

PRINT 4I,EAQRrT ,HEIr.HT,5*MTIM,CI1~ A ,YVEC1,YVEC 2,YVEC3,YNflR p
41 FnRMAn/ 2x ,~ F13.~~ 

P 

P 
p 

p

~P r Tt t ayV c r l by N f lQ  p 
p

P APOTI2 YVFC24’YNOR
P AI~flT13aYVrC3*YNflR p

aPril21 ~AQCT32*APCTI3.A flT33*ARt~T12 
p

~~~~~~~~~~~~~~~~~~~ L”A RCT3L*AROTI3 p

A POT7I- APr)T31AAPr)T 12..ARE1T32*AROTIL p

AR DTaARI1TII 1 
P P -

A R fl T I L= ARrT’Cr,—SG ’ARCT2 1
AROT2IaARO T*SG+CCSARO T2 I
A R C T = A ~ flT 12
AROTLZaAPr jT$Cr ,.Sr,*4RflT22
AROT22aARC T*Sr,eCG APCT22 

p

AROT=401T13
AP flTI3= APOT$CG—5C~ A R f l T 2 3
AROTZ3a4RCT*SG+CG*APf7123 p p

PRIN T 60 P

60 FOPWAT (2X ,’SATCOR : APOTII,4R0112,AROT13,AROT21,AROT22,AROT23
1,AROT 31,AI~O132,A RCT33’)PR TNT 61,ARCTIl ,ARDTL2,AROTL3,4R0121,AROT2Z,AQOT23,4R0131,
1A POT3Z ,ARCT33

61 FORMATI2X,9F13.~)RETURN P

END 

- — - -

*
—p.--— P

L I
pp_Pp 58 

p
____- .- - - - .---- —-- - p.— 

- 

----. -.. . .---~~~~~~~~~~ .. -_ _ _ _ _ _ _



-p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— — .1

~ LEVE L 21 LATLON DATE a 76261 I 16/02/47

SURROUT INE LA TLON (AT FRAC,XLIN ,XFLr ,XLAT ,XLCN ,NFPP)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

P

,S HA , (YP ,IHR
CCMPOM/ CAN Rf ISCAN ,MIMSEN,M()PC (N,T’)TLIN,OrC,1~ M ,PADLIM1,PIC 1IN,TOTFLE,DCC,FLF,P*DFLF,P1CFLE ,EF ,PITCH,Y4W ,ROLL,SKFW ,~ flTMLL ,

•RnTM1~~,ROTP?1 ,ROTM23,PV1TM31,RflTM33,RFACT,RCA SIN,SO ,CD,POTD,PRATrr1.~MCPl/SATVrC/XS*T,ySAT ,ZSAT,I4FIGHT,XVEC1,XVFC2,XVEC3,THFTA ,
‘AROTLI , AROTI 2, A P0113 ,ARO T2I ,AR0122, AP0123, APOT3L , AROT32,4R0T33
YLINaC XL IN=PCLN )*RADLIN
YEL a XCL !P.PIC FLE )*RACELE p

SINLINISIP4( YLIN )
COSL INaCOS (YL !NI p P

SINrLF*SIN IYFLF 
P - p p

CO SEL~=C OS (YFLE)C P 
p

C COMPUTE PC T P~T ING VE CT O R IN SATELLITE COORDINATE SYSTEM AT ELEMENT 0
C

ELIa POTM11*COSLIN~RflTC4131IS INLIN
FMI-=ROTMZI*CUSLI N .R01M23*SIPt !N
ENIsROTM31*COSL1N~RnTM33~ 5Ir1L1N

C ADJUST POINTING VECTOR FOR ELEMENT COUNT  P p

p 
p 

~~~p 
. p

FL I=C0SELE * ELT+SI ~~F.~ FI’ pM~ 
p

P P _ p  FMI~~ S!NELF*ELI,CCSELFsEMI 
— 

P

F N I ~~ENI -

C
C COMPUTE POIP4TTNG VECTOR IN EARTH COORDINATE SYSTEM

ELO=AQOT11*FLT,ARCT2I*FMI.4R0T31*FNI
P

P - FPCa4POT12*FLI44ROT22~ FMI4ApflT32*fNI p . . 
P P

FN OTAROT13*FLI +ARCT23*FpjsiRCl33*FNI

• PRT PIT 10 
-10 FOPWAT (//2X,’L*TLON : YL IN,YFLE,FLI,EMI,ENI,FLI,FMI ,FNI,ELO,FMO , P

1ENO’) p

PR INT 11,YLTN,YELE,ELT,EM !,!PU,FLI,FMI ,FNI,ELO,FMO,ENQ
P 11 FOP MAT (/2X,1IFIA.31 

-  p -p.-.— - - - —C
C ADJUST FOR CPL ATENESS OF EARTH SPHERE AND CLOUD HEIGHT 

- 
-

C
CLOHGTaATFQACPATMI4GT p

-P- P_ p p -P 

AHGTSQ~ (A+CLCHGt)*~ 2RHGT SQa( B,CLc HCT )**2 . _ ~~~p BASQa8HGTSQ/AHGTSQ 
- 

P

CPsEMSGi.1.O.EASQ
AQapASQ+~ p~epSQ$EN~*,~ p 

P

~Qa2.0*( C FLO*XSATIFMO*YSAT).eASQ,E,Ir).ZSAT,
CQ. C XSAT**2,YS *‘**2)$ P*SC• ?SAT**2 IHGTSQ
R4DuBQ*~ 2u.4.O**Q*CQ p - - P

C
C CHEC K IF P017 IS OFF EARTH AI~C IF SC LET REJECTION VALUES
C

.

IF(PAD.LT.1.o) Go tip 32
C
C FIND POINT ALONG POINTING VECTOR INTERSECTING EARTH SURFAC E
C

P 

S~ ”IRQ$SQRT (RAtJ))/ (2.C.AQ)
P X~ XSAT+FLO*S

_____ p 5’) 
~~~~~~~~~~~~~~~~~~~~~~~~ 

p . p P pPp ~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~ P

—



— pp.— .— _ _ .pp_~ p p
,——

.

~~~~~~~ ~ I LAT ION I’A~ F a 76261 16/02/41

v- vc AT.FMO ’S
1- ? SAT 4 N C ‘P S
PRINT  20

20 Ffl~MAT (//2X ,’LATLON : C L D I - C T, R A S Q , A Q , B 0 , C Q , R A O , S , X , Y, Z ’)p 
PRINT 21,CLCHGT ,BASC,AC ,8C,CQ,PAC,S,X,Y,Z

21 FOP MAT I/2X,LOFI1 .’,)
C

CONVERT TC EARTH COORD INATES Pp l c • I

XLAT aAT AN C 7/SQR1 (X$’*2,Y~ ’P2))
XL ~Ma AT 4N2 C ,X P
X L A  TaXI AT/RDPDG
XL CNa X LC P4/R DFDG p p _ p p p p . . p p P ~~p p .  .pp ppp._ P p_ppp_ __ ppp-pp.pp_Pp-ppppP p P p P P P P P p . p P PPp- P~~~P p P P P P

GO TO 4O p

32 NFRRa2 
p

40 PFTUR N P ._, ..~p . 

P

END -

- . p p P .. .~~~~~:P ..p- PPPP .~~~~~~~~~~~~~~ .~~~~~~~ .

P t

p p -- P p ~~~~~~ P p. . - 
p 

— -- 
p p PP* 

~~~~~

P p p~~~~~~~~.pp. _•~~~~~p-p_*~~~ - --

I 

p 
p

pp
.

F 

• _ .
P

60 P 
P

- p -p P - P  
_~ p ~~~~~~~~ .~ .

) 
P. ~~~) 

pP~~~~j*_
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~~FL 21 PP EC ES nAT E 7626 1 16/02/47

SURROUTINE £- PECF S ISAM T I M , S P $ X 1 , S PA X 2 , S P P * X 3 )
,NUMSEN .NOPCLN,TCTLIN,OFC,LTPI,RADI IN

I ,PIrII N,TOT~1E,CFGELF ,R4flELE,PICFLE,FF,PITCH ,YAW,ROLL ,SKFW ,qOTNI I
2,ROTPL 3,Rr’TP21,RCTM23,RCTM3 I,R0TP33,RFACT,RCASIN,SC,CO,POIR,pRAI
IF (PRAT .EQ.o.o) r1n TO 10
PTOTa 5 A PT IM PR AT
cA = ~~1MC 9101)
CAaC flS( PlOT I
XI SQRT (1.O/(1.O+ (SPAXI/SPAX3)**2))
YlaO .fl
liz- ( 5P AX L’XI/SPAX3 P
X2aSPAX2’iI

p Y2=SPAX1*Xl~ SPA X1*ZL . . - P  - P P P

72=— SPAX2~ X 1
XtaC fl~ XLI-5O 4X2
Y1aCD*Y I+SD*V2 p

l t a Cfl *7 1+SC *12
PRINT 20,X1,YI,Z1,X2,Y2,12 P 

p

. 20 FC PMAT(//2X,’PRICES : X1,YI,Zt,X2,yZ,12’,/2x,6F15.7I
p SPAX1aC A~ SP*X14SA SX1P 

SPAX 2aCA$SPAX24SA$Yt
SPAX3aCA*5pAX3,5A*Z1 . p p P P P

LO R E T U RN
END

• pp - p --pp . —- . p

p p - _p_ - p —- p - -  ~~~
_

~~~
__  ——---p-p . - p p p.

~~~
p p _p~~~~~P~~-p- ppp —*-.-pp - .~~ - . - p - -p p

-1

~~~~~~~~~~~~~~~~~~ 

I

- 

p
~1 p.~~~~~l -P .

61 1 L



p .-. p -pp_ -_ ~~ -pp _.— _ - - - pp~
p 

~

P P

LEVEL 21 L IP4ELF OATF a 76261 . 16/02 /47

~~~~~~~~~~~ LYNC L F(XF ,YE,F F ,XIIN,XEI.E) p

Cfl~~ flN/cA TVF C /XSAT ,YSAr ,7SAT ,HFIr,HT,XV [Ct ,XVEC2 ,XVFr3, TH’~TA,
~~~ A R r 1 T 1 t , AR f 3T 1 2, A Q C T 13 ,A R OT 2 I , A R OT 2 2 , A Rf l T2 3,A R O T3 1 , A Rf lT 3 2 ,A P O T 3 3
CPMIIC1N/SCANQ /ISCAN ,NUMSEN,NOPCLN,TOTLIN,OEGIIN,PAO IIM p
$,PCIN ,T OTEL C,CEGFL F ,RA OELF,PTCFLE,cF,PITCH,yAw,ROLL,SKFW ,RO TM L I ,
*R flTPAfl,PflTM2I,PCTW23,PCTM 3L,RflTP33,RFACT ,PO*~~IN,5O,CC,PUfR,P PAT 

p
V t =X~.sXSA T

P 

V 2aV r--.iYSAT
Y~~ ZFS ZSAT P

P YFACTa 1.fl/SQRT (y1**2+V2**2i.y34.’P21
Yt=Y1*Y FACT p

‘V 2-~- YE AC T
Yi V3~ V FAC T
Xt A POT 1t~~Y1eAPCT l~ 1Y2+bPOTl3*Y3
X2 Ar ()T2 l~ VI+ARflT22*Y2 .ARflT231~.Y3
X3= APOT?1 ~Yt +ARflT32~ Y24ARCT33’V3 - 

p

UMV zA TAN 2 (X3 ,SQRT (RFACT~ X3t*2))s.RCAS IN
XLIN= PCLN .UMV/RADLTN

P SL. TN zSIN(t JMV I .~~~ .

CLIN=CflSIL.M~~) P

U= ROTMII4’CLIN+ROTML3*SIIN p

VaRflTM2 3 CLIN+RCTp23~ISLIN P P

PRINT 5,U,V,UMV 
P P

5 FOPMAT (/2X, ’LINELE: U,V,UMy’,/2X,3F20.8) 
P

p IF (V. CQ.0.O) GO TO 6 .~~~~~pp~~~~~p~~~~~p p p p  p -pp ... - p

UV A TAN2 (V,U)
GO TO 1

6 tJV 0.O
7 UMV :UV-ATAN2IX2 ,Xj) p

XELF*PICF.LE+ IJMV,PADF.LE
p PRINT to p

10 FO RMAT (//2X,’LINELE : ‘VFACT ,Y1,Y2,Y3,Xi,X2,X3,UMV,U,V’)
PRINT 11,’VFACT,Y1,Y2,Y3,Xt ,X2,X3,UPV,U,V

• 11 FORMAT (/2X,7F11.~~,/2x,3E2o.8) -

RETURN
END -p -p. . . . , . . . , . . . . .  P 

- p.- --— - P ppp — p - pp -p-p .p -p . p p - p I

~ ~
- P 

—

P

p P p  -p 
~
1
~~

pp

4

p 
p

62  
_ _ _  

- 
_ _ _

_ _ _ _ _  
_ _ _ _  _.

~~~~~ - p .. ~~~~~~~~~~~~~~~~~~~ . ..
— —

~
--p. -pp p 

~~~~~~~~~~ p P~~~P F P ~~~~. ~~~~~~~~~~~~~~~~~~~ ‘~~~~~
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F
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SUt~Rflh JTIN F VC IALO(ATFRAC ,XLAT ,XLCN,XE, VE, ZE ,NFQD )
CREATE RflO= (350,6)SAT PAK, FTN/NV
(-p

C XF ,YF,V~ — C O MP CN t-NT S OF EART H COORDINATES VEC TOR
C VIAl = X LA T CCNVE PTFrI Tfl RA C IA N S
C YI~ M XL~ N CONVEPTED TO RADIAN S
C S I N L A T  = S I N  C V I A l  P
C Cr1SL AT a 

~~~ I VIA l
I C c INIOTl = SI~ C Y L ON I
I C C O SL ON COS C YLON P
1 C C. 1. MCTTERSHEAD/CSC -

C
* 

CCI~MCN/r,flA TA /PT ,RCPCC ,R ,n ,B,AR,ASC,(3SQ,ATMHGT,GRACoN,EMEGA,soISID
* ,SHA ,IYR ,IHR p

CflPMCN/SATV~C/XSAT ,Y5AT ,ZSAT ,HFIGHT,xVECI ,xVFC2,xvEC3,THFr4,*AR flTL1 ,~ ROTI 2,AROT13,ARDT21,AROT22,ARO723,AROT31,AROT32,AI~OT33
YL ItTaXLAT*RCPDG P 

-P p YLC N~ XLCN ~ RCPCG - 
-

S INLA T SIN (YLAT)
CO SLAT = C O S (Y L A T )  p p

SI NLCN=SIN (YLON ) p 
-

COSLCNaCOS (’YLCN) p P p .p 
X COSL4T$COSLON
YsCOSLAT*SINLCI

P ZaSINLAT p P

C CHECK I F POINT IS CUT OF SA TELLITE VIEW AND IF SO SET ERROR FLAG
C

IF C IX ~xVECI,Y’PXVEC2 . Z$XV~ C!).LT.THETA) NERR~ 3 p

- C  
I

ADJUST FOP CBLATENESS OF EARTh. SPHERE 4ND.CLCUD HE IGHT p 
p

‘C -

TAN LA TW ISTPLAI /CCSLA T )*.*2 P

• RR SQRT ((1.O+TANLAT)/ (85Q .*SQ*TANLATI )*4B+ATPHGT*ATFRAC p
XE=Pp*X 

- 

p

Y!~ RR$Y P P P - 

p

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~ 

P

RETURN
END p



LEV EL 2 1 VT IM E DATE 76261 16/02 /4 1

EIINCTION VTTMF (P’trTtM ,xI 1N,~~rL~~) 
P

(.CMMnN/NAV SLN/TI¼AV, N 4VN,L rN,N1T,MIT,NORH,NO4Y ,FL ,FP,cT, SPT~S (3I ,
I RA SCrN ,DFCLIN ,$PINRA ,Tppsrl,c,,lM (I6),13FTA (1ap ,HonTCtop ,p :r,?~lC 16 )cr~- MrN,cceN~ ,1sc AN ,NUMSEN ,NOPCLN ,TOTIIN,OFCLIN,RAOL IP)

~ ,PI CL~ N ,  TOTF1E,DEGFLr ,PAOrL~~,PIC ELE,EF,PITCH,Y AW,P.OLL,SKFW ,ROTM1 1,
*ROTM13,PV)TP71,POTM2I,ROTM ,l RflTM23,RFAC T,ROA ~ IN,SO,rO,PO!R ,PP~ T 

P

TLIN :XLINI-0 .5 p
PAR IIN (ILTN ~ 1)/NLM~~ NPA DFL~ = (X~ LE~ 1.O)~~E F 

p

FRAM FTaT MPSCI* (FAPL (N.pARFLr )
VTIM F= PICTTM .FPAMFT p

PRINT 1O,PAPLIN ,PA RELE, FRAMET,V T IMF p

10 EflQMAT (//2X,IVTIP4E: PA RLIN,PARELE,FRAME T ,VT IMF’ ,~ 2*,4F20,8)RETURN
E N!)



j
V C LEVE l 21 PFSIDU DATE 762V t 16F02/’.7

S~IRPfl~TINE PFSIEU
C r M P 1 0 N / I Y S C C~~, ItK ,P*I.

p 1XL AT(3?I,XL’~NC32),CLINC~~2),I)ELTA (32),TIMFU32)
Cf)MMflN /NAVSLN/INA~~,N AV N ,LAN flN,NIT, MIT,NflfaI~,NOAY,F1 ,FP,ET,SP!NI1I,
I P ASC’N,f)rcLI,1,SPTNRA ,TM PSCL,r,T!M (16I,RrTAC16),RouT (I6),NGAMII6I
DIMENSION MJ!’(16),AVG (I6h V A R C I 6I
CAMAaO. 0 -

GUOT’0.0
ATER.Q .O
0’) 10 La 1 ,I~

NUN (I laO
p AVG (L )aO ,O .p..p..~

p .p . .p .. p.... ~.
p .pp p ._ppp. .~

p
~pp.p. p .

V AR(L )aO .O 
p

10 CONTINU E
LMAX aI
PRINT 17, NCAY

17 FORMAT (/120x, 4RHLAN CMARK RESICUALS AT ZERO GAMMA SHIFT FOR DA
LIE ,16)
PRINT 18 p

18 FORNA T (2X, [LOH INK RETURN TIWFCH M S ) LAT ITUDE LONGITUDE MEA 
p
.

1S.IINE CALC.L INE LINE ER R MFAS.PTXEL CALC.PIXEL DPIXEL )
SUMSQ=0 .O
7LSQ=O.0
PP~ NT 37

37 FflRPAT(16X ,’LAI ~DMA RK FESICUA LS AT ZERO GAMMA SHIFT ’,/2X,’ INK GM?
1 LATIT u DE LONGITUDE CALC.ITNE, ERROR CALC.PIXFL,SHIFT RET’)
fl’~ 50 I L,NLANC
PlC TIM— PTIMF C I)
II MF1I I )aV T IME C RICh N , XL INI! I, XELE (I ) P

p NFDR O
MSF R a 1O
CALl SATEAR( PICTIM,YL IN,YCLE,XLATCI),x (ON (I),2,NEKR,GAMA ,

• 1 GDOT ,ATFR) p 

p
I F I N E ~ R.GT.OP MSERa2O
DELTA(I)zYELF.-XFLE (1) p

DLIN (I)’sYLIN ’XLINCI ) P

PRINT 23,I,MSEP,PTIMECI),XLATI I),XLON(I),XLINII),VLIN,DLIN ((),
p 1 XFLE (I),YELE,DELTA (1) p

23 FORP4AT (2X,14,2X,J’,, 3F12.5,6E12.3)
ICar1ENsMct~UCocECI)11oo,)o) P

-p IF (TCODEN .NE .O.*NC.ICCcFN.NE .1) CC TO 40 P

SUMSQaSUNSQ,DELTA (I)*OELTA(I) p
ZLSC ~ ZLSC,CL IN (I )’CLINC II
LMKaMOD C ICODE ( I) , t OO P
IFCLNK.LT .0.UR .t.MK .r,1.’2) INKa1

P ~~~~~~~~~~~~~~~~~~~~~~~~~ 
P

p VA P (LMK )aV*RCLMK),I)LIN(I)’*2
p IF (LMK.GT.LMAX ) LMAXaLMK p

MUM(LMK)~~r*UPILMx ),141) PRINT 47, I,PT !ME (II,XLATII),XLCNCI),YLIN,OLIN (1),YELF,
1 DEL TACI P,N FRR

4•1 FD RMATII6,F7.2 ,2F10.3 ,4F20.4 ,I4I
p 1 30 CONTINUE ,
P 

~ FN U M~ L4MITh
7MS’S0PT(7L~ Q/FNUM)
RMSa SORT IcuMs Q/FNiIM )
PR INT 51,R~ 5 ,ZP5 P

pp 
_______ —~~ p._p_p_ _ ’p~!p ppp pppP p.p .p-.~~P p. .p p_p_ ._ _ . . . . . - ._ - - -
______ —P—p.

-p.



FVEL 21 . PFSII’)U flA T~ a 16261 16/02/47

51 rn~MATI t ’,i~I R I ~S F I X T I . FPR ,FR.2,16P RMS LINF EPP ,FVL?)
PR INT ~-,l,7 MS P

61 FOP~~AT C ’ SUMMARY OF SPIN ATTITU DE FIT : OVERALl. RMS LINE ERRORa ’
1 ,FP.~~,RX ) 

P

flU qo IMKa1,LMA ~ 
p

IF (t4IMCtP’K).EC.O ) GO TO 90
t

!)LAV=AV~~(1MK )~~~MJM
-p VSCaVAR (LMK )/Ft .UM~ CL V*’P2 p

VSQ~ SQRTCVSQ )
PRINT 71, IPK ,CLAV ,V$O,NUM(LMK) 

p

71 FORMAT (’ LAN DNAPK ’ ,14,’N€A N LINE FRRCRa’,F8.2,’+/~~’,FR.2,’,ON,’,
1 14,’,IMAGES .’,SX ) P

90 CC N T IN U E
EL alMS
R E T U R N
END P . p

• p

. . . . ..

___ —-p  

~~~~~~~~~~~~~~~~ 
p -

~~~~~~~~~~~~~~~~~



P P .. j
.~.. . . P p --p.-- — p . - -  p . 

—

~1FV FL 21 (AMCAL DA TE ~ 76261 l6~ OZ/47
p 

SUr~Rn,,T INr CA MCAL .

CC IMONINAVSLN / !NAV,NAVN ,IANCN, NIT ,MIT ,Nr)RR ,NDAY, FL ,rP,FT ,SP INC 3)
I R ASCFN,DECLIN,SPINRA,TMPSCL,G11M116),BETAII 6),AOfl1I 16),NGAMII6)

CA LL GCOOE R
P PFTURN p

END

P P p p

•

- - p-- p
s

67 

- 

p



~L 21 (‘,SHIFT DAIF a 76761 16/02/47

Sl’P4ROIPtINF GS~,I FTCM1 wr -AM
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,XLTN (32 ),XFLEC32I,

p CflMfrI)N/NAVSIIS/INA~~,NØVN, I?NCN ,N T T ,M I T ,N0RR ,Nt~~Y,CI,FP ,FT,SPIN (3),
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TNAV = 1 

I 
P

NUMr,AM=O
STA RT=I

I F 1 T ST ~~R T . G 7 . h t A T~O) GO 10 6
S’JMG=Q.O
SUMGT=O .0
SUNT O.O 

P

SUMTSQzO.O
p MJM=O - 

I

OC) 3 I=TS TAPT ,NLAND
IFII .Nr .TS T~ RT I GO TO L~

~ PTTM= PT IMC (T )
f TCODENaPOD (ICDOEII ),100,1OJ .. .. ~~~~~~~~~~~~~~~~~~~~~~~~~ p - p P

~ ICODFG=MCO (TCCCE (I)/I000,100 )
T~~CICODFN.N!~.O.ANo.ICCcEN.NE.2 ) GO 10 2

I GAMMA=OELE (T )
~ SAMTIM= TTM FL (t) p p

~ SUMGaSIJ MG+GAMMA
SUMC,T=Sw4r,-y +GAMMA *sap.TIMp 
SUMT SIJMT+SAMTIM
SUMTSQ=SUNTSC#SAMT IP**2
PRiNT 40

~ FOPMAT (2x , ‘NIJM,CAMM A ,SAMT I~~,SUMCP,SUMGT,SUMT,SUMTSQ’I
~ 

PQ~ NT 41,NU P,GA PMA ,SAMTIM,SUMG,SUMGT,SIJMT,SUMTSQ P p.

I FOPMA TC2X ,I R,3E20.4,,2)t,3E20.4,
I IF(1.FQ.ML 6NC) GO TO 20

NCODFTMOr)IICO!)EII .1)/1000,IOOI P -. p p .  P

~ IFCNC OOE.rQ.I000CG, GO TO 5 ..

- . , .. p

TF (NUM.FO.0) GO TO 10 ____

~~~~~~~~~~

_ p... . . .~ ...

N (JMG4M NUMGAM + 1
GTI MCNUMGA7 4) *PT IN
NIJMG I NI,)MGAM P aP4(J~6 p

IF(MJM•GT.1) GO 111 4 p

BETIINUPGA M)—G*p’Mb p 
- p

RE TDC N tIM GAM) aO ,O : p. : . P . .. P.-P - P P

GO TI) 10 
P

X I UNaNUM

B E T I I N IPIMG AM )a(SUNTSQ*SUMGaSIJMT*SUMGTP/DENOM p

PET0(NUMGAM’).CXNLM*SUPGT~ SUMG*SUMT)/OENCM -

PRINT 50 p p p P p P

p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
PRIN’ 51, XNUM;DENOM,DETI (NUMGAW,,8ETDINL,MGAM)
FI)PMAT tZX, f8,3F15.7I
CO TO LO 

p

CONTINUE p 

- 
p

IST APTiN .L - - .  p . , . . ~~~~~~~~~~~~~~ . - p -

“~~T O 1  
-

p 
P

• P~~T URP1 p

END 6B~ p, /

- p p P
~~~~p~ 

.-p
P 

-~~ P

ci: 
.. 

- 

*
p
* ~~~~~~~~~~~~~~~
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; LEVEL 21 GCODFR DATE a 76261 16102/47

SUJtRDI JTINE GCDDFP
CrP’MCN/SYSCOM, ITK ,N1 p

rrp~MnN/xLANr )/NLAp() ,LflAv , TCDCEC32),PT IMFI3fl,XLINI32P,gFlr ( 32),

CCP4N (N/N*VSL PI/IN*V,NAVN ,LANDN ,NIT,MIT,NDRA,NDAY,FL,EP ,ET,SPIN(3), P

I RASCEM, DECLIN ,!PINRA ,TPPSCL,GTINI1 6I,BETII16),PFTO( 16),NIJMr,(1V,) p
P 

M MrNS ICN RFITC32),RflIfl (32),RNFW (32I,IMIDC3Z),LMKID (,32),IWD (16)
flIM FNSICN’~NS (t6),JCCCEC32),LAST (16)IN TFGEP’P4 IIIME,ILALO p 

p

NIP ~ 20 
P P p

FP =Ø•()
NPAGFaI+NLANO/NLP 

P P P 

I

IM G3I I P p . _ - p _ p p .~~~~ pp.p -

TIt’AG PTJ PF It ) .0 .01
00 10 IxI,NLAN D
IFCP TIME (I).LT.TIM A G ) GO 106

p LA ST (IMG )aI—1 -

IMGaTMG ,L 
- p

TIM 4GaPTIMCCI),O .Ot -pL.. p.p._p.~_ p . p . _p p~ p p . . . .p p p p p

6 IM IDC I )aIMG p

114K1011 )=MOC (ICOCE’ I),100)
flFITII)aO .O p 

p

JCflOE (I)=ICCOE (I) 
P 

p p

PCLC (l)-aO.0. .. . . .  
-

RNEW(I ) aQ~ ()
IWDI I)=NLAND.1

10 CONTINU E
EP=fl.O p 

P

Ir,p=1 p P P p p
M A X I M = T M T D ( I % L A N D )
LAST (MAX IM ) NLAND
IWD (1)=MAX IM

60 NRGN L . 
-

. 00 90 NaL,NIAND P p p - p p- p - p - - PPC TMaIWD (N ) P -

IFCIM.GT .MAXIM ) IMaM AX IM . ,. p

IF (IM .GT.OP 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___ . . . .~~. .- .. - P

PRINT 20
20 FORMATI//’NEGAT IVF ENTRY 10 GAMMA CODE ENC~ UtiTERED’)70 NCNOaLAST (TM ) P

1)0 80 laNRGN~ NE ND
ICOD~ (I )aJC CDEt1)I1O0O*N

80 CONTINUE 
-  .~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p .. .’ . ..~~~. 

p
~
_
~- p pp

MBGN aNENO +1 p 

P

IFCN 8r,N.GT.NL *Nc) GO TO ~5 . .

SO CONTINUE P • .  ~~~~~~~~~~~~~~ 
p . .  P

95 CALL GS HI F T IN U NGAM ) p

NUMG(32).PftJNG4P 
p P

NTI)T.O . . . . ... . ... . . . .. .. ... . .  - p p

00 99 IGPa I ,NUMGAM
NTflT’NTQ7~ NL pG (1Gc)
RMS (!r,PIaO.O 

p 
_:

99 CCNT INUE
K!~C,Ns1 .. p

KE P4OaO
- - P P

P PRINT 101
701 ~0’~MA1 I16X,4LH~~ LANCMARK PIXEL SHIFT COMPENSATION ~~* ,17X )

p C 
_ _ _

~~~~~~__-p~ -- - --p--- 
-) r 4 m~-

p p

. ~~~ :~~
‘
~
; - -

~~ ~~~~~~~~~~~~~~ -



IFVFL 21 0000FR DATE a 76261 16/0;?/47
p

. PRI NT 707
707 F flR~ A TC ’ TO cr~ ipci TI~ F~~ST—W FST ALIGNEN I OF THIS S~ T OF MA c I F ’ ’

I IMA GrS, .,/2X,IFXAMIN r 1~IF MFA !LPFD IANU! ’ARK P IX E L SHIFTS,A ?11) PrF
2 1 N~ IMAGE r,QflIJP5’ ,/2x,’FO R A TR IAL LINEAR FIT OF SHIFT VS. TIME . I

p ~~~ PA PA M F T~~~P S  AN D FINA I’ ,IX, ’(NEWI RES I DUALS FOP THE CURPFNT GROUP
4ING AR I LISTED RELOW :’P
PRINT 702

702 F f l R M A T ( ’  MA~~TE PP IMAGE LA!~ONA RK SCAN PIXEL SHIFT S FIN
p 

IAL PIX! 1 ERROR I)
P 

~~ 1NT 703
703 FOR MAT I ’ IC GNT GROUP NO. ID TIME MEASURED FITTED ‘

— 1,’ NEt~ CLO ‘)p N a t p p p p . p pp p . . , _ p p . p . p . , p p p p Pp P . p p . P . p p p p p p p . p . p p P p p p p p p p p p p . . . p . . p p .  p

18 LENO D
P A~, FaD

~ 19 L BGN~ L~ I’$D+i
LEND=LF.ND4NLP p

K PA GE=KPA GE+ 1 p
TF (LEND .GT.NLANO) LENC~ N L A P 0  P - P
IGP= 0 P

22 DO 50 T=LBGN ,L ENC ,

P 
‘ 

I TIMF -=ILAIOI PTINE (I)) P

TGOLD IGP
p IC,Pa?~0D (TCCDF(t )/iOOO,LOO ) PR( !4=BETI (IGP) P p p p

RET DOT= PETC ( IGP)
30 ROLD (I)=RNFl ~(I) P

p P GCALC=A~ TA+~)FTD0T$TI MEL (I)
IT C I ) =GCA LC

P 
DIFF=DELE (I)~~GCALC
RNEW ( T I f l  1FF P P P P

IC ODFN=M0D (!CCCE( 1)/100,10)
IFIIC OI)EN.NF .O.ANO.ICOOFN.NE .2) GO TO 40
CSCaDIFF 42 p. . . p p

RMSC IGP )=RN$ (IGF)+OSC
TC1TSQzTOTSC+DSQ P .... . . 

p

40 PRINT 704, IMIC (I),TTIPF,IGP,I,lNKID(I),TIMEL(I),
IDF.IFIT),BFTTII ),RNFt~(1),ROLD (I)

704 FORMAT(I4,18,I4,I6,I4,5E18 .4P
50 CONTINUE

TOT SQaSOR I C T~T SQ/FLQAT ( P4107 ) P
PRINT 708, TOISQ,EP P 

p

7Q8 FflPMAr (32X,IFINAL RNS PIXEL EPRCRa’,2E20.4)
FPaTCPTS Q
OTNaSQRT((EL**2,Ep**2)12.O)
PRINT 709, EIN,ET

709 Fr1RMATI1ZX, .COQ pESpONOTNG OVERALL NAVIGATION ACCUR ACY ‘,2E20.4)
FTaETN P

PR INT 219 p

219 FCPMATI74X )
PRINT 77 

-

P 77 FORMATC /5x,Ir,AMMA SHIFT CAICI.LAT?CN’)
P p 

P PRINT 2.30 -

230 FI)PMATC44H GROUP SI7E PASETIPE 8E1A BETACflT RMS )
90 250 P411, NUMG A M 

P

~ ‘—
.,

~~~~ 
- ‘MS (N ).SCpT (PNSI?~)/FLCAT (Nu MG (N)))

p PRINT 240 , N,NU MG ( N) , GT IM ( NI , e F. T 1( N) ,R ETOIN ) , R PSCN )
p p 240 F0P MAT 12 16,4 E20.4 )

P 70 P

_ _ _  - p p 

~~~~~~~~~~~~~~~~~~~~~~~~~
‘ p . p P - P~.p~p p ~~~~~~~~~~ . . • . :- -.- p .~ P P P p . . p

S .:‘~‘~f~ ‘~~ ~~- ~~ -~~ ~ ~...— -——.
/ -~ ~I 

-
~ ~~~ ~ %~ IP F

P 
p p P . p~

p p P~~~~~~~~ ; • •  
,p / P~

P 
- 

p P p (
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2!ifl c np4T1 P4u c
700 R’ TURN

F NO

I p

I — I  

—pp-p - - p p . - _ . p P . _ p p - -p- .- p-P

. p

a p p P P

p- p - - p . . , 
P p P-p.—-.- p - P . .  Pp.p..pp. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p .,-.. . p ~~~~~~~~ - p p . .. . - .

/

- 
p 

p 
p p) 

— -______ — 

-p 

71 
_________________- p. - -______
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Landmark Scanning . Program

c 
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t 
p
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L_us:za:ss 1, 0) 

P 

p

CO DE II ) 0006’ffl DATAII) ) 004130; BLANK CQtlpuo~~(Z) 000000

RENCES (BLOCK, NAME ) 
- 

p

P

‘
S

I
PS

1
IM(NT (BLOCK, TYPE, R~ LA T IVE L,)CAT !ON , NAME )

1 I q Ir, 0U~~I - 000p73 144G oool 000219 172G 0O()j 000222 2cjOG
4 2~ 7~j 0001 0003$2 236G flfl~~ 000956 277G OUDI 000463 3ij3G
, 33)G 0001 000550 3q3G 0001 flr10566 3546 0001 000636 3774
3 7501 0001 000903 7151 1)001 0n0613 8101 . 0O~~p 0006)7 BSOL

~~ 910F 0000 0040A2 920F - 0000 004034 930F 0000 - 004036 99Q F
3 960F 0000 00’43j2 97UF 0000 1 003773 1 UOflO 1 003766 IAF C
4 IDMP 0000 1 003436 IELE 0000 1 ~o377t itit 0000 I 003772 1(12 

p

p IPAR 0000 I 003740 I5KI~ 0000 1 004001 ISLP OO~ O 1 009002 ISLPI p
1 l b s  0000 1 OO9~~ 5 IVAL OooO I na319~ 1*01 QO

~ O 1 003152 1*02  

p

~‘ IXI T 0000 1 003774 J 0000 1 003765 JOuMP 0000 j 003775 JX I
~ LIN E 0000 1 0013q9 NATA 0000 I 009000 NOX - 0000 1 004003 NIINE
¶! NWORD I 0000 1 003761 N*ORr)s 0000 R 000219 T OOQO R 002479 X

P 

P p —

~~~~~~~C •••• THIS PROGRAM R~~A 0S A S E C T O R E D  V E R SI ON OF AN SMS DATA TAPE P

C AND PROCCS~ ES A USrR CHOSEN AR EA BY USING A PATT(RN R(COG~C N I T I O P4  SCHEME TO LOCA Tr A PREDETERMINED LAN DMAR K FOR USE p

C IN CALCULAT ING REG ISTRATION TRANSF ORMAT ION PARAMETERS p P
p . ‘

C I N IT I A L  STORAG ( p 
- 

p

I c  1105(134) — ‘DATA RETURN FROM F10yAP --- - - p 
—

IC (6 )  — STATUS RETU RN FRflN F L OT A P p
I c 1160 ,10) --  — COASTL INE OUTPUT A RRA Y - -  . - p - p -  p. .._ ‘ p - .

-~ - C NATA (60,IO ) — PORKIN4 STORAGE A R RAY
C XI4O ,IO ) — SLOP E CI P4 T RAS T A R R A Y  ‘ - - -  p
C LINEUP) — CRI TICA L LINE ~~~ S7flRAGE p 

p

C IE~~~C 19) — C R IT ICA L ELENEPI T NO. SYORAGE p p P

C IC RT E L(G O )  — COASTA L (LEPIENT !TONAGE NO. P

C 1*0114) • (HANACYrM COMPUTAT ION STORAGE
C 1*02(4) — CHA NAC TrN COMP UTAT ION STORAGE P

C •. .. 
- 

P

DI M ENSION ITOS ( 341 ,K C g , )  ,T(6Q ,pO) ,NATA I4O .l O ),Xl 60,*OP ,LI NEI 101,
$ 1(1(110) .ICRTEL,60) .1*01 (6), 1*02(4,C

C I N I T I A L  PA RAMET E RS 73 
-.- _-- ‘ - p p

P -.— --——— - P 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ P - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~) —

-/



‘p 
- 

. 

p 

- 

- - -

C (SKIP — ~~~ OF LI HrS 011 TAP F ~o SKIPC Ii~ 0RDS , — Nn~ OF WO ROS PER LINE P

C NLIN (S — p4C1 , OF h UES IN A R RA Y I p

C JOM P • NO. PF WO~~~S TO SKIP A’I BEG INNING OF EAC H LINE
C JO MP N~~ OF W O K r ~5 LEFT To SKIP AT END OF EACH 1$NE
C IA FC — FOR SAV ING NO. OF AP .NORNAL FRAME COUNTS
C IPAR — ~~~ SAV ING NO. OF PA R ITY -ERR ORS p P ‘ 

~~ P ‘ 
-

C • -

p JS KI P 200 p
NV~ORDS. ID
NWOROIaNWORDS—I P

NLIPIES. 60
IOMP.71
JDU MPa (DMP ,p (WORflJ_ 1 P 

P 
p p

IA FC . 0 P P

P 

IPAR 0
ILENF .. I S K IP  • PJLINES P - ‘ P

1 (11— IDMP .6 P

IE L2. IEL L • NwnRDE .6 . - . P ‘ P p 
p

C • SKIP A PAGE ON OUTPUT - 

p

..

WR I TE (6,900) p
9~ O FO RMAT III-Il )P c • (STA8L!SH TAPE W ITHEN PROGRAM p -

CALL FLD TA P(ll ,,V IIIBLEDA TAI ’ )
CALL FLDTAP (o)’ P

CALL FLD TA ~~(5) 
P p 

p ,

CALL FLDTAP II ) -

C • SKIP ISKIP LINES ~N TAPE
CALL FLDTAP (9 ,ISKIP ) P

C • LOOP TO READ DATA AND STo~~ IT
WR I TE (6,970)

~9iO FORMAT (1X , ’PAv DATA ARRA Y AS READ FROM TAPE’,.’) P P P P
WR ITE (4,950) ISK1P ,ILIME ,IELI ,1E12 

P

950 FORMAT (1X , ’LI~~~’.I.4,’ TO ’,I 6,’, ELE PiENT’,$ G.’ T0 . ,16 ,,/ )
DO 100 1 1,NL INES ‘ -

- 
C • CLEAR FLDTAP STATUS RETURN AR RAY -

00 200 J.l,6 p P p . .  p
K (J)”O

p 200 CONTINUE - - -  - - - - -  p - —

p c • PICK UP DATA LINE P 

p

CALL FLDTAPI? ,139 ,ITOS ,K) P - - . . - - ~~ P P

C • CHECK TAPE READ STATU S
IF IK (3).NE,O) ~T0P 

p - - -  p -  -p P p .. p
. 

P P - - 

IF (K (9).NE,O) STOP - 

p p 
P

p IF (K (S).NE.O) çTOP 
P

I F 1K ()).EQ,O) STOP 
p 

P
p

Ir JK (2).NE.O) JAF C .lA r~ .1IF ( K ( 4 ) , N E . O )  IPA R. IP*q. I p-
IF  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ STOP

C • OUTPUT DATA L $N E READ
~~P P . p ~lNiTr (4,930) (ITOS (JK),J* .IOMP, J0U $P )

‘30 FON!4AT (U,9A6)p 

C • STORE DESIRED EL~ ,,(wT~ - - -

DO 400 J.I,N*OR~ 5 
p

J*aIDMP .J—I 74 , ,.
NA T A I I ,J J U IT O S IJ X )  p

P ~uO CONTIN UE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

/ —
I ?  

-

~~~~~~~~~~~



pp. -—  
p— PS  ___

IOU CONTINUE 
p 

-

W H ITE (6 ,900 ) p

C • LOUP TIINOUGH NL Ip ir LUtES yr) PROCESS DATA p
¶ 1 1)0 SOIl I a l .NLINFS( (.i-) -

lx i i.  0
C • 5TOR ( SINGLE tI-p E t-l r-NT VAL UE S

oo 600 J.I,~Nwn p r1~1 - 
p -

1 * 1 )11 1 ).FLD (fIIJ .c, N A TA (  I •
j )

IAL ~1 2 ).FLD (o6,,,,N A r A  I .J)
1*01 (3)=FLD 12 ,6, 1A TA ( •J) I
1WDI(’4)zFLDI1$ ,4,NA TA (I, J))
UD1(5 )=FL0(2’4 ,~,,NA TA (1. J))
II~Oh( 6)aFLD (3O ,A, NA TA (I. J))p 
I*U2 ( 1 ) FLD ( IR ,F, ,NATA ( 

~ ,
J) I p

1W 02 (2) FLD (24 ,A, I1A TA (I , J)) ,
IW02(3 )aFLDI3O ,4,N A r A (l . J)) 

P 

p

P

IWDZ (9)aFLO(0O ,4,NATA (T , J+l) )
P I*D2 (S) FLD(06 ,.S,N A T A I I , J+ 1 I )  .

~~
‘ 

p

l*02 (6 aFLD (12 .’#.,NA TA (I, J +I. ) P

C • FIND SLOPE ACROS S FOUR ELEMENTS p
00 700 1 X 1 ,6
ND X 6• ()X—1 )
ISLPa ABS (IWDI(,X )—! *02 (IX )) 

Pp 
C • SET OCEAN VAL UE if SLOPE • L T ,  3 

pIF (ISL P .LT.3) GO T~ 72;
C • SET CLOUD VALUE Ir SLOPE GT. ‘4 •OR. ELEMEN T .GT . 22

IF(ISLP.GT.4.0p,1~ D I (IX,, GT.22) GO TO 750
C • SE T CO A ST A L V A LU E

FLD (PIDX ,6,T( I ,j~ 
.29 -

p 
IX l Talx ;T .1
GO TO 775

• iso FLD (NOVP ,6,TU,JI )~~8
GO TO 775

~25 FLO (NDX ,6,TII,J ))5
C • STORE SLOPE VALUE FOR OUTPUT P

7~ s FLD (NDX ,6.X (1,J ,)— ~SLP + ‘(U ‘ 

(~~. % ) jIF (IX IT .E Q.1) ICRTEL (i,.6IJ.U+2 - - -

700 CONT INUE . C,
—~~ 

600 CO N T I N U E
500 CONTINUE ‘1C •P OUTPUT COASTA L OUTI.INE A RR A Y P

P IVNIT F (6,990) 
p

p 9q0 FORMAT (IX, ’PR (flICTED COASTAL OUTLINE ARR AY’ ,.’) P

WR ITE (6,9501 ISKIP ,ILINE ,I (Ll ,IEL2
00 $1 0 1•I.NLIN (5 p 

p

WR ITE (6,930) (T (i,J),J .l,NRORDI) P

110 CONTINUE P

(6,900)
C • OUT PUT SLOPES AR R A Y  p P

W R ITE (6,961)) p
‘eU F O N M A T I I X , ’COPIP IITED SL~ppF VALUES’,.’) P

p WR ITE (4,950) !SKIP .ILIuF,I(L I ,IFL Z  
- 

-

DO I?O I.$.NLIwrS p - 
p

P W R I T E  (6,93fl) (X (E ,J),j.$ ,N*ORD I) P 

-

. P

I~~0 CONTIN U E ‘ P p

~V R 1 T E  (6,900)

)  ~RITt (4~~ $fl) i i CR Tr L l j , , I. I , s p )  ,~ .....-——— , —~———-—— —~—
- 

. 

p 

: 
- 

P:1



- p _ P  p _ _ _ p-p~~~ , .

P--P

9 ) 0  FORMAT II ~~,’CR ITI CA L ~ LFME~~TS’ ,/,6(IX , l5))
C • CALCULAT E LINE Ap lo ELEMENT NUMBCRS FOR UP TO TEN COAST AL

PROJECTION POIUTc.
1S1P1 ICK T EI (I,— (CR TFL 3)
J 1)
NLINEI .N(INE S—7
Ut) 000 ).2,NL.I Np- J P P P 

p

L ISLP2 1CRTE L (fl—t CRT (LtI~~2) 
p P 

- P p
IV A L— ISLPI .ISLP2 

p p 

P

I F (JVA I ,GT.O) 60 To 8~ n
lF(J .GE.1D ) GO TO 850
J.Js. I
L lN EfJ )~~J +I 

p

1ELE (J)~~IC R 1EL (I+II
810 !SLPI~~ISLP2 

- P

$00 CONTINUE 
p

p
.

R~ O JX~~J
C • OUTPUT CRITICAL LINE AND ELEMENT NUMBERS

WR ITE (6,900) P

W R ITE (6,920) IL INE (I) , T E L E (1),1.1 ,JK ) 
p.

920 FORMAT (IX , ’COAc TA L PR OTRUSION POINT S PREDICTED 6T : ‘,
1)0(/,91X ,’LI NE s ,12 ,’ ELEMENT ‘12 )) 

P

STO P 
- 

P

END p

:OM P ILA TIO P I: NO DIAGNOST ICS ’

03,j6,76 15:29:05 WSMP 32K VERSION

001000 012001 ‘1610 IRANi c WORDS DEC IMA L P

Oq0000 050373 ‘1398 DBA1.~ç WORDS DEC IMAL
;s 011133 P 

- p

~GMENy SMA INS 001000 0120n1 090000 050313

9(1) 001000 001029 S

51$ ) 001025 ~O1O47 
p

11(1 001050 001157 5(2) 040000 040012
511 ) 001160 001365 5(2) O4O~)I 3 090032 .

K )  DM0033 090039 -

51)) 001346 fl()l5)3 1(2) 0110035 ~qøu~ i5 (I) 00)519 r fl lS 3o 
P

III ) 00)531 ~0l76U 5(2) fl4fllOO QMO~ 7q -P 
P

P % ( $ )  . 
. 00176$ 002021 p 

p p

5(I) 002022 ~fl7 3~ 6 1(2) ~~~~i 75 09O2~ ()
II I ) 002317 003973 %(2) 090201 090231
5(1) 003479 904695 sf 2 ) 090290 090214
51) ) 004e96 009757
III ) 009740 noSoqZ sf2 1 7A °~

o275 090351 P

?

__P_Ppp _ p.
~I’~ _P~.

p-- p.

p 

- 

-P•~~~~~~~~~;~~~~~~~~



— 
~~~~

‘ 
_____ _

~
- 

~~~
‘p.

S I ) )  005643 Ofl~~676
1(2) f l ’40 3 52 O ’42~~~3

~
(I ) OOS#,17 006)26 1(2) 042554 097601

II)) 006127 n 071 I3 5(2) 092602 0’427~~2
5 (3) 007119 r07119 II” ) 042753 093024
S I ) )  0 0 7 1 1 5  ff 7 1 41 5(2) 043025 093034
SI)) 007192 007320 sf2) 093035 n93IS3
III) 00732) ~)fl7S4U 5(2) 093)59 r)433~ 6

S12 ) Qq3357 oq 3q Is
11$ ) 007541 nQ76~~$

- S Il l  (101602 0 )0 90 3  5 ( 0)  f l 43 4 16  Q 93 7 5 7
p 

, II I ) 010909 011027 1 ( 2 )  04 3 7 6 0  0 9 4 1 64
S I ) )  . 011030 n h $ I 3 2  

- 
5 ( 2)  oqq 1 65 044232

5(3) OVE s ( ’4 ) 0qq233 (194242
DMIIONBLQCK ) - ( 194 24 3 04 92 ’4 3

5(11 011133 ô1200 1 510) ~qq2’19 050373
5(2) RLAN KSCOMMON

~V EL 71 P 

p

/ 
_ , )  . 

p 
p

p 
p 

P 
- P

—
~~~~ 

- 
p

p ~p p . - - p p
p 

*
P p . , ,... ~

p pp .p . p p
~.._

p p p . 
Pp p P . _ p - p .~~ _ p_. p p .  p - p _p — p-pp . . . . ..

* 
P P p p P

p
.

-
~~~~
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- p p p p P ’ . p P p  .- p . p - - p p Pp p -p P

P
. p
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