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FOREWORD

The value of microwave scatterometers and radiometers as remote sea wind
sensors has been independently demonstrated by « number of investigators. However,
near-simulfaneous observations by a compesite radiometer and scatterometer
(RADSCAT) instrument have been proposed as a method of making improved wind
estimates. The improvement is derived from the complementary as well as
supplementary feafures of the sensors. To demonstrate this potential a joint effort
among New York University, General Electric Space Division, the University of
Kansas and NASA Langley Research Center was undertakén through the Advanced
Application Flight Experiment program of NASA. This document is submitted in
support of these efforis.

Specifically, this document was prepared by the Remote Sensing Loboratory
of the University of Kansas Cenfer For Research, Inc. under NASA Contract NAS
1-10048, The principal investigator under the contract is Dr. R. K. Moore and
project engineer is Dr. A, K. Fung. Several individuals rendered valuable
assistance in the development of the computer programs. The conirol and integration
of the routines were partially achieved by Glen E. Ellioft of the University of
Kansas. John L. Mitchell of LTV operated the progrems repeatedly on the CDC-
6600 while they were under final scrutiny by the author.



ABSTRACT

The theory, design and operation of the computer programs which
avtomate the reduction of joint radiometer and scatterometer observations conducted
by the AAFE RADSCAT instrument is presented, The programs reduce scatterometer
measurements to the normalized scatfering coefficient; whereas the radiometer
measurements are converted into antenna temperatures. The programs are both
investigator and user oriented. Supplementary parameters are provided to aid in
the interpretation of the observations. A hierarchy of diagnostics is available to
evaluate the operation of the instrument, the conduct of the experiments and the
quality of the records.

General description of the programs and their data products are also presented.
This document therefore serves as a user's guide to the programs and is therefore

intended to serve both the experimenter and the program operator.
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I. INTRODUCTION

The AAFE RADSCAT* Data Reduction Package, as prepared by the University
of Kansas, is a family of computer programs** which together form a basis for
auvtomated reduction and presentation of scatterometer and radiometer measurements
taken by the RADSCAT instrument. The primary member in the family validates the
raw RADSCAT data records and uses insfrument and aireraft parameters to yield
emission and scattering characteristics of the scene represented by the data. The
scatterometer data is reduced fo the normalized scattering coefficient whereas the
radiometer data is reduced o the antenna temperature. Other programs in the
family are employed o maintain a file of instrument characteristics, Iist the output
(reduced data), and prepare duplicate output tapes for use on other computing machines.
Two engineering roufines are also provided to compute certain antenna parameters
essential to the reduction of the microwave datg; these routines are not employed
regularly. The programs were written in FORTRAN IV, developed on a HW 635
system and then modified and demonstrated on a CDC-4400,

The program outputs provide a comprehensive basis from which to interpret
the results of RADSCAT'experimenfS. The basic oufput parameters have been
augmented with others to reconstruct the influence of the aircraft attitude on the
experiment, to validate the measurements, and fo reflect the status of the RADSCAT
instrument. Full evaluation of the data is ;:xccomplishec[ by examining contenis of
an activity report as well as the oufpixf records. A fuller data base from which to
analyze RADSCAT data is only provided when these outputs are augmented with seq/
ground truth and certain aircraft parameters available from other sources. The
programs are therefore largely experimentfer oriented,

Attempts have been made to generalize the reduction algorithms so as fo

" easily adapt the programs for changes in the character or operation of the instrument.

In doing so the user is expected fo provide many more of the calibration and

*
A composite radiometer and scatterometer sensor.

&k
The family of programs does not include a merge and edif routine which prepares
the raw input data. This routine was developed by the Flight Instrumentation
Division of NASA Langley Research Center.



data paramefers than would otherwise by required. For this reason o histerical file
is maintained on the instrument parameters, It is also provided fo trace the develop-
ment, modifications and aging of the instrument.

No attempts have been made to develop efficient coding; rather extensive
efforts have been made to develop pragrams which will, to some degree, documerit
themselves. Self documentation is provided by o liberal insertion of comment cards.
This approach had been instituted with the full realization that the programs are
likely to undergo changes as experience or changes in the instrument dictate them.
It is hopeful that this approach together with this document will ease the insertion
of program modifications. However, the authors can assume no responsibility for
changes made without their knowledge. It is strongly recommended that changes to
the reduction algerithms be made only with the approval of an engineer who is
thoroughly familiar with the operation of the instrument, the theory behind the
algorithms and the needs of the investigators.

Some strides have been made to design production type programs., External
directives give the users the dbility to select the files to be processed or the service
function fo be executed. Unrecognized directives will halt the execution of the
program. Data enfries are also validated and ‘when too many bad files are encountered
the job is aborted. Activity reports and termination statements are provided so that
the user can frace the progress of the job.

The details on the use, theory and design of these programs are presented in
the remainder of this document, To place these programs in context with RADSCAT
experiments the technical background is briefly described in Section II. The .
experimenter and programmer will find Section III helpful in understanding the
general features and data products of the programs. He may wish o refer to Section
IV and the Appendices for more specific information. The program operator will
find Section IV essential to the operation of the programs. Again he may wish to
consult the appendices for specific help. The cognizant engineer will want to
become famitiar with all aspects of this document to develop o thorough understand-
ing of the program content, To a large extent this document assumes some knowledge

of the operation of the RADSCAT instrument®*. The programmer and cognizant

*
A description of the instrument may be found in "Field Service Procedure Handbook,"
vol. 1, prepared by General Electric Space Division, Philadelphia, Pennsylvania

under INASA Coniract NAS 1-10161.
2



engineer will also want to consult the document which describes the merge

and edif routine which prepares the raw data records. This document is in
preparation at NASA Langley Research Center. Those wishing to learn the
details on the theory and design of the vartous routines in the family of programs
will find the appendices helpful .



II. TECHNICAL BACKGROUND

A. Introduction

This section is primarily written for the investigator or programmer not
familiar with scatterometric or radiometric measurements. The motivation for joint
measurements is presented and the elementary theory behind the measurements is
discussed. The instrument and ifs relation to the C-130 aircraft is also briefly
deseribed. It is hoped that this section will place the AAFE RADSCAT Data Reduction

Programs in context of experiments.

B. Motivation for Joint Measuremenfs

In recent years a strong interest has developed in interpreting the microwave
signatures of natural surfaces. In these efforts a number of potential earth resources
ond scientific applications have been demonstrated by measuring the emission or
scattering properties of various scenes. The scatterometer is employed to measure the
scattering characteristic whereas the radiometer is used fo measure the emission
properties. To date the investigations have been largely conducted with one instrument
or the ofher. However, several investigators have proposed that joint scattering and
emission measurements would form a sironger-interpretational basis, because each
sensor measures o differenr.uspecr of the bi~static scattering characteristic of the
surface. From an entirely different'viewpoint the sensors are complementary in nature,
It is known that the radiometer is very sensitive to clouds and rain whereas the ‘
scatteromefer is relatively insensifive to clouds and rain, Over the ocean this
property has potential in correcting the scatterometer measurements for small

attenuations caused by clouds.

C. Description of the RADSCAT Sensor

The AAFE RADSCAT instrument is a composite sensor consisting of a pencil—
beam microwave scatterometer and radiometer. It was designed to conduct measure=
menis from an aircraft and is capable of operating at either of two frequencies,

2.3 GHz or113.9 GHz. In three of its four'modes of operation it makes scatterometer
and radiometer measurements on a near-simultaneous basis. In the fourth mode it
makes radiometer measurements only, Observations can be conducted at any one

of six adjusteble angles covering the sector between nadir and 60 degrees.

4



The AAFE RADSCAT insfrument was primarily designed to perform experiments
over the ocean to verify the remote anemometric capability of the composite sensor,
Although primarily designed for oceanographic work, the extension to observations
of agrarian or urban scenes is siraightforward. The instrument is capable of conduct-
ing experiments at one of four altitudes, viz, 2000, 5000, 10,000 and 20,000 feet *
The wide range of altitudes is provided to study atmospheric effects such as humidity,
temperature, clouds and rains. To avoid difficulties introduced by operating from
behind a radome’, the RADSCAT instrument mounts on the tail gate of the NASA/MSC
C-130 aircraft, The Litton Navigator LTN-51 aboard the C-130 aircraft is extremely
useful to the interpretation and reduction of the RADSCAT observations. i provides
aircraft offifude and location information from which the point of observation on
the surface may be established. The coititude parameters are especially useful when
measurements are performed from a roll maneuver, since these parameters enable
one to compute the incident angle. The radar aftimeter information provided by

the aircraft Is essential to the inversion of the scafterometer measurements.

D. Estimating the Scattering and Emission Properties from Measurements

The scatterometer is a radar which is capable of accurately measuring the
backscatter properties of a rough surface. The backscatter ubiiiiy of the surface is
denoted by the normalized scattering coefficient o° which is given in terms of the
scattering cross~section per unit area. In general it is dependent upon the point
of observation, the incident angle, F}equency, polarization, efc. It is well known

that the radar return is predicted by (see Figure 1).

2 -] [ ’ »
- __1‘__ 9 (93¢) U(B,‘#’) (1}
Pr = amye Py jj R¥ dA
41

® = normalized scattering coefficient

g
P =received power
P

= fransmitted power

-
t

A = wavelength

g = anfenna gain function

R

i
= radar range toielemental area dA

]

. .
The radiometer by itself can operate at any altitude.

‘ 5
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For narrow (or equivalently narrow) beam scatterometers the above integral
expression may be inverted rather simply for 0°. As a consequence the problem of
accurately determining ©° reduces to the problem of accurately measuring the
transmitted and receiver powers, the pattern function, look angle, and radar range.
The area of illumination may be shown to be related to the pattern function, look
angle, and radar range. The scatterometer provides outputs which are measures of
Pr and Pi" The power fransfer funcfiorl of scatterometer completes the association
between the outputs o yield P and P . A member of the family of programs
actvally employs the scatterometer transfer function and an algebraic approximation
of equation (1) fo estimate c°.

The radiometer, on the other hand, is a very sensitive receiver capable of
measuring very [ow level emissions which emanate naturally from objects. In the
microwave region the natural emission is governed by the Jeans-Rayleigh law which
states that the power emitted is proportional to the physical temperature T of the body.
In actuality, however, different objects at different temperatures emit different
powers depending until their reldtive ability to dbsorb energy. Better absorbers
emit more efficiently than poor ones. The relci'ive-cbilify to emit is described in
terms of a parameter called emissivity € . The emitfed power per unit bandwidrh
in direction 8 is given by**
4w ke(8) T (2)

A2

where k is Bolizmann's constant. '

P(8) =

We may now suppose that the surface emits in accord with this relation, Then a
radiometer whose antenna gain function is given by g(6,) will measure (ignoring
®ER

atmospheric contributions) o total power per unit bandwidth given by

Pa-“-};—fj 3(e,9) k Tg(e) da (3)

4

*Acfually only the ratio P /P, is needed.
&

For one polarization.

Sk -
This relation is only representative of the nature of the problem. See Claassen, J. P.
and A. K. Fung, "An Efficient Method for Inverting Antenna Temperatures for the
Apparent Temperature Distribution" University of Kansas Center For Research, Inc.,

TR 186-8, Janvary 1973, for aiprecise relationship.
7

*



where

Q- jfwace,m d.n @

- and
Tg= €(8) T ®)

The antenna power may be re!cfed to antenna femperature by P = kT . For
narrow beam efﬁcnenf anfenncs the antenna temperature is an qpproxumcfe measure
of the brightness femperurure T in the [ook direction. The radiometer fherefore
must acecurately measure the anrennc power. The RADSCAT datfa reduction programs
use the calibration data and radiometer transfer function to estimate Ta for each

polarization,



1I1, GENERAL DESCRIPTION

A, Infroduction

This section is primarily written to familiarize the investigator or programmer
with the family of RADSCAT data reduction programs, The functions of the particular
programs and the relationships between the programs are presented. Input and output

data products are described fo various degrees.

B. Summary of Programs

The AAFE RADSCAT Data Reduction l;cckage consists of a family of six
programs: i
1. Conversion Program {CONVERT)

2. Output Program (OQUTPUT)

3. Program for the Storage and Retrieval of Instrument Charocteristics

(ICHAR) _

4. Output Translation and Duplication Program (TDUPE)

5. Equivalent Beamwidth Program (WIDTH)

6. Antenna Gain and Efficiency Program (GAIN)

The actual reduction of data is accomplished in CONVERT, The input data for
CONVERT is prepared by an edit and merge routine developed by NASA Langley
Research Center. The merged tape oconsists of RADSCAT and aircrafi data. To

assist in the computations, program ICHAR prepares o historical file of instrument
characteristics, CONVERT selects a particular set of characteristics from the file

and applies them to the input data. The computed results are stored on an output tape.
Program OUTPUT will list the contents of the output fape. To prepare duplicate
output tapes for use on other computing machines progrom TDUPE may be employed.

WIDTH and GAIN are special routines which compute several antenna
parameters. The parameters are employed as elements of the instrument characteristics.
Both programs require antenna pattern information to compute the parameters. Their
use will seldom be required unless the antenna pattern changes.

Of the six programs the initial four programs are production types and the

last two are engineering application programs.



€. Conversion Program

The reduction of RADSCAT data is performed entirely in CONVERT. By
means of external directives, physical files of a specified type are processed with
a designated set of instrument characteristics withdrawn from a separate file source.
External directives permit the user to initiate processing of inpuf files by type or
sequentiofly regardless of type, The files are organized by flight runs and are
labeled in accord with a procedure instituted by the Flight Operations Division of
NASA/MSC.,

Directive options are given by MISFLT, FLTLIN, SPECIF, or ALL. When
the first directive is appended with mission and flight numbers, «ll files from that
mission and flight are processed in the order that they appear on the tape. Mission,
flight and line numbers must appear with the second directive option. Files of
the designated line type will thus be processed. Consecutive directives which
exhaust the line types will order the output files by line type. This feafure is
helpful to the inferpreter who often associates an experiment condition with a
line type. The third directive is employed when a specific file designated by
mission, flight, line and run is to be processed. This directive is appropriate for
a quick or selective look af the experiment results, The fost directive (ALL) will
initiate processing of all files regardless of type. Combinafions of directives may be
employed; however, indiscriminant use of the processing types is cautioned against
since duplicate processing of files may occur. For each directive the file search is
effectively conducted from the beginning of the tape.

. Each of the above directives must include a designator which selects a sef

of instrument characteristics from a historical file of characteristics or which permits
them to be read from cards. It is likely that the most current characteristics will

be chosen; however, any set on the file may be selected. Alternatively, characteristics
may be entered from the card reader. However, operation under this latter option is
restricted to one data file per directive, Entry through the card reader is mainly
reserved for festing a set of insfrument characteristics before storage on the historical
file. Also as a part of the same directive the number of files h?' be processed of the
indicated type and the line density of the activity report must be designated on the
control card. The latter parameter can be used to limit the number of data records

on which reports are given.

10



During processing CONVERT generates a conversion report. The report
routinely issues statements on the calibration parameters and critical receiver
temperatures as they are computed from the input file. It will also routinely state
that a record had been reduced, The reports are appended with record numbers.
Other special stafements are generated whenever critical situations are encountered
in the records. When these special situations occur, the record is normally processed
regardless; however, that record is flagged by an interpretational code which becomes
a part of the output record, In some cases, such as invalid data, the record is by-
passed and an appropriate error message is generated. When an excessive number of
bad records is encountered, the file is bypassed and on appropriafe message prinfed.
These messages are primarily intended 6 reflect the status of the processing, the
condition of the instrument, the conduct of the experiment, and the quality of the data.
A sample listing of the conversion report is illustrated in Figure 2.

As processing progresses output records are accumulated in blocks {arrays) and
the blocks are written to the output tape., A description of the contents of the output

tape appears in the following subsection.

D. Output Program

Program QUTPUT will list the processed records produced in the conversion
program. External directives similar to those in CONVERT permit listing files of
designated types or all files regardless of type. Again general directives are given
by MISFLT, FLTLIN, SPECIF or ALL.‘ The appropriate mission, flight, line and run
designators must accompany the directives.

A sample lisfing produced by OUTPUT is shown in Figure 3. A double page
of output consists of the file Jabel, column headings, 80 records and a key, The set
of instrument characteristics which produced the results is identified by sef number
and date in the last entry of the file label. Each measurement record occupies one
line on the listing. A record number s crpp-ended to each line and should agree with
‘the number assigned in the conversion report. The fime of measurement in mean
Greenwich time is presented in the second column. If is fo be read in hours, minutes,

seconds and 1/10th seconds. The measurement can therefore be associated with data

from olher sources. The mode from which the instrument conducted the measurement
is reflected in column 3. The incident and cross—itracks angles appear in the next two
columns. They were computed from aireraft attitude parameters and the RADSCAT

view angle with respect to the aircraft platform. The cross-track angle is that angle
11 .,
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HISTIUN-207 ELIOHI~ t§ UATE= T 2% 1972 4T LINE- 2 RUA- 3 FREJLENWLY- 13,9 FEEU- ¥G So {PAd= | 2 ) 73 .

FECORD Hl.» MESSACE * PARAHETERS

. CALIBRATIOR DATA CHAN 1v  .270 CHAN 2m  oAl0 CHAN 3=  1.190 CHAN &= 1,285 -

ACAL=  lo4Do RuASE=  .160  HCAL= & NACaLm b

* RECVR TEMP NOT wITHIN UPERATIAGL RANGE LLCATICN NO. 1 TEMPERATURE =337.+8 KELVIN

® CRITICAL TEHPERATUREY kARM= 3E1.B HCT= 415.0 GKEs 312.1 Sk= AL1.3 A[R= 2d8.0 GDE= 312.7

*

EXCESSIVE LEPCLAKLEAT jUR
L CLHPLETED RELURU CUMPUTATLUNS .
* KECVR TEHF NLT wWETMIN UPERATING RANLE
* LRALTJCAL TLHPERATURES
in LUMPLETED RECCRE COMPLTATIONS
* RECVR TEMP “UT wiTHin& OPERATING RANGE
& CRLTICAL TEMPERATLRES
___*=  {(UAPLETED RECCRD COMPLTATIONS
T % RELVR TEMP NOT #{THIN OPERATING RANGE
& CRITICAL TEMPERATLRES
e COMPLETED RECCAT CUMPUTATIUNS
* RELYR TEMP NCT n{THIN CPERATING RANGE
- * {RITICAL TEYPERATLRES
. * EXCESSIVE DEPCLARIZATICH
[ CCHPLETED RECCRE CUNPUTATIONS
* RECVR TEHP NCT WlTHIN CPERATING RAKGLE
* CRETLICAL TEMPERATLRES
3 EXCESSIVE DEPCLARJZAT ICH
. COMPLETEU REC(RY CUHPLTATIONS
—*_RECYK TEHEF NOT wiITHIN UPERATING RANGE
* LRITICAL TEMPERATULAES
* EXCESSIVE DEPLLARIZATEJIN
L& CO4PLETEL RECCKL CUMPLTATIGHS .
* RELVR TEMP NOT afTrld OPERATING RAKGE
* CRITLICAL TENFeRATLRES
2 COMPLETED KECURE CCHPLTATIGNS
* RECVK TEHP SLT »ITh1h UPERATING RANGE
* CRITICAL TEMFERATLRES

-

L]
SR EERE PSS E AR RS R AR LR LN FEERL PG E A

ML LT R E im0 U WE &b P W b N b -

.. CTLYPLETEL HECCRL CUMPUTATIULNS =
10 4 RECVR TEHP HUT wllkIN UPEAAT LA RE4GE
12 * CRITICAL TEMPERATLAES
10 | hed CUMPLETEY RECCARO CCMPUTATIONS =
11 *+ RELYR TEHKP HOE nITHIN OPCRATLING RANLE
11 * CRITICAL TEMFERATULRES
11 L COAPLETEL RECCRD CUMPLTATIONS ®

LEFGL* 4021
AHTEHNA TEHP= 2964 ¢
LOCATIUN M.
wARH= 31t.4 HCT= 415.0

SCATTERINy CUEF=7.T20354E+00 CHANNEL®
TEMPERATLRE =337.0 KELVIN
LET= 312.1 She 31E.3 AlR= 288.0
ARTEHNA TENPe 248.46 SCATTERIAG LOEF»6.3114%%E+00 CHANNEL=
LUOCATIUN NO, TEHFERATURE =337.H KELVIN

hARM= 211,44 ROT= 415.0 UHT= 312.1 She 311.3 AR« 288.0

ANTEHAAL TEMPe 268.% SCATTER(AC COEF=5.%924EVTE+00  CHANKEL=

LOCATIUN KU, 1 TEMFERATURE *337.8 KELYIA

WARH= 31Ll.8 HCT= 415.0 OHMT= 312.1 She Z11.3 AtR= 208.0
ANTEHNA TEMP= 24%.8 SCATTER|Ky GOEF=7.028]195E+00 CHANNEL=
LOCATION Nu. ) TEHFERATURE =337.8 KELVIN

RARM= 3EL.8 HU¥s 415.0 OCMT= 312,k Swke 311.3 AIR= 287.9
DEFOL=  .021 . -
ARTEMNA TEMp= 259.4 SCATTERIAS COEF=6.206022E+00 CHANNEL®
LCCATIUN NO. & TEHPERATURE =337.4 KELVIN

RARM® 311,8 HET= &15.0 O#T= 312.@ Sh= 211.3 AlR= 287.6
DEPOL=  ,02Z

ANTENNA TEAPE 249.1 SCATTERING COEF=5.944954E+0G0 CHANNEL®
WCATION koo 1 TEMPERATURE =337.8 KELVIN

wARM= 311,49 HGT= 415,0 OMT= 312,2 She 351.3 AIR= 28729
DEFUL= 320

ARTEWNA TEMPx 268.2 SCATTERING tuuF-T.5075355400 CHANNEL=
LGCAFION NO. 1 TEHPERATURE 2337.8 KELVI

wdfd= 3114 HOT= &i5.0 OUMT= 312.2 Sk= 311, J AlR= 28840
ANTEMRA TENPx 244,90 SCATTERING COEF~7.141555E+00 CHAKNEL®
LOCATION NO. 1 FEMFERATURE =337.8 KELVIN

WARYM= 311,44 nGT= 415.0 OMT= 3)12.1 Sks 31,3 AlIR® 248.0
ANTINNA TENP® 2uG.2
LACATION NO. 1 TEHPERATURE =33T.18 KELVIN

mak4e 311,83 HCT* 415.0 CFTa 312.1 Shs 211.3 AlR= 288.0
ANTSHNA TEMPa 268.6 SCATTERING COEF=7.1dS143E+00 CHANNEL=
LOCATICHN NO. 1 TEMFERATURE =338.0 KELVIN

WARM= 311,y HGT= 415.0 CMT= 312.1 Shk= 211.3 AJR= 288.1
ARNTENNA TEMP= 243.5 SCATTERING COEF=5.522u65E400 CHANNEL=

FIGURE 2. SAMPLE OF THE CONVERSICN REPCRT
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SCATTERING CUEF=4.07LS4LE+00 CHANNEL= 2

& DUP BAND=

GDE= 312.7
2 UOP sANUE

GDEs 312.7
2, DOP BAND=

GRE® 312.7
2 DOP yAHD=

GDE= 312.7

Z pbp BaND=

GDE= 312.7
2 DOP paAND=
GDE= 312.7
2 DOP BAND®

GDE= 312,7
2 DODP BANDw

GDE=x 312,7
DOP 3AND=

GDE= 31247
2 ODP gAND=

GOE~ 312.4
2 DOP 38AND=

7
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HISSICH~204  #FLIGHT= Lc

FECORD TIHME

M.
1 1512467
2 151Tab.2
3 LL41T50.4
5 151781.%
5 1517151.9
b 151T52.0
T O151153,3
8 15175401
. 9 151T54.8

10 151758.3

11 151¥>7.8

12 151758.5

13 _ 151759.2

14 151400.0

1% 151200.4

16 L1s51a02.2

1T 151804.4

18 151805.1

19 151805%,9

20 151dde.s6

21 1vlels.d

22 L151a16.7

23 151d1d.6

24 1Slgeg.b

25 1516214

26 15E822.4

27 151823,.3

28 151l824,3

29  Iblues.2

30 1518e1l.1

31 151828.0

32 151329.9

33 151830.9

34 151B3).3

3% 151e32.8

36  151333.7

AT 1513835.6

38 151836.5

3% 151837.5

40 151333.4

41 151839.4

42 151B40.3

A3 151842.2

&4 1513844.1

45 15184040

A6 _ 15td47.9

&7 1518%d.u

"8 151¥57.48

49 151658.5

&0 151859.3

51 151900.7
__..52__151901.5

53 Lblwoz.2

b4 151903.7

56 151904.4%

M 5& 151905.2
51 151906.06
58 151907.4
59 L519508.1
&0 L5E9D9.06
6l 151910.3
&2 1bi9ll.s
53 LolFiL.s
a4q 151913.3
65 151914.0
au  L51%15.5
67 15191642
&8 1bl91¢.7
&y 151vlt. 4
10 15l419.2
71 1bv1%20.¢
72 1519214
T3 15192201
74 151v923.0
75 151%924.3
T  1blwzs.l
77 151925.4
78 151926.5%
79 15lvlt.3
bt thl9Zu.0

KEY TO CODES-

WIGE

[
Fofie
[-W
Fahe
Fods
Fade

Foh,
k. h,

Fola
Feha

FIGURE 3. SAMPLE LISTING OF QUTPUT RECORDS

LIS 14
ARGLE
{bEGL]

L2, 7
.8
13.8
3.7
13.6
13.0
13.5
13.5
11,3
13.%
124
lico
13.5
13.4
JE P
13.3
Li.3
L3anw
12.3
1.2
43.0
43,0
LTIy
427
42.8
42.7
RZ.8
a2.7
42.4d
GlaT
%248
431.)
41.0
43.0
42.3
42.7
G248
42 .8
4Z.48
4Z.8
AZad
427
qal.y
4543
4249
43 .3
43.0
k3.3
la.1
12.1
12.2
13.3
13.3
13.3
13.2
13.3
13.2
12.3
11.2
13.3
1Z.2
12.2
13.2
12.2
13,3
12,3
13.2
1243
12.2
12,2
13.3
11,3
12.2
1.2
13.3
12.2
12.2
1:.2
13.1
13.1

10
103

LRCAS XA REC
ARGLE PCL  POL
t{EC)

=1L.4
~10.3
~y,0
~5a+9
=10.7
- 1G.0
=1Ceb
~w.?
~Ge®
~d.0
~%e5
9.3
=b.%
—b.2
=T.4
=Te2
=Tad
b
-7.l
=-8.7
-2+5
-2.8
=240
=£42
~242
=244
=245
-Z.9
-Z.2
-1.9
s ¥
~1+9
-2.0
=1.9
~1.8
=l.8
~142
-L.2
-1.3
—1.3
=1l.4
=1.3
-1.0
-i.l
—-1,3
-1.}

e e G G E NS I T I I I XTI T I I T I I I I I I Y o I I K g M A N L N N LT TTITIXLIT

MEw L g Sl Ca I T I T I XTI IS IS I I I IS Tl udaf g A ST e ITITITIIX

KL FLAG

FCSSIULY OUTSIDE RANGE
CLISIPE DYMAMIC HANGE
EXCESSIVE CUPPLER

MICRUNAYE [ATA
CATE= } 25 152 FLY L1hg~

$ INT
TIHE
IStEC)

555
=555
«555
- 555
«555
«555
+585
595
595
«555
»555
555
2555
«555
+555
. 555
=555
#555
=555
*565
«555
-802
« 802
-802
- 502
L EC2
-802
«802
- 8§02
+E02
»802
<E02
«802
-£02
« 602
- 502
-802
- E02
.E02
~802
2602
~E02
«802
« €02
- 802
~E02
802
«555
«565
LE5E
.595
»5%5
<595
v 555
+595
.£55
«555
«£95
=585
555
#5655
555
-555

L8555
- 595
« 565
=595
=545
« 595
. 555
«545
«555
-555
L E55
595
+555
545
«555
«595
555

LATE

& RUN~ 3 FRECUENCY - 13,4

SCAT SCAT
ce
1. T204E+00 HeG
6431 14E+00 Be O
2.9249E00 Tel
T.0242E+00 ba 5
6, J06UE+QQ T8
3.5449E+00 Ta1
T+2075E4Q0 a8
T.142Z0E+00 (]
20T LYE+OQ Fel
T.lu91E+0G £atl
e H229E+00Q Teh
5454 B6E +00 1.4
54 3GI0E+Q0 Te3
56450 5E+00 Ta5
S+ IT#TE«QD Teb
5. 1537E+00 Teb
Tel411E+00 Hed
5.3751Ev00 Ta3
T« 2444E+00 1Y)
Teb4% )l 5E+00 8.8
3,2273E-0) -4e5
2.4405E-01 —~éal
2+4335E-01 -Gel
2,.4358E-01 ~hel
24435 7€-01 =6al
2.CAB6E=0OL —€a8
2.0911E-01 —ba8
2.0958E-DL —6.8
2,0990E-0L ~£.8
Z.L854E=-0L ~6a8
2,0997E-0L -5e8
24 9451E-0L —éal
2+44%49E-0L =&el
2.4%02E-0L ~Eal
2.4336E-0L -€ad
2. 4434E-0L —€al
B0 2LH9E-04 ~3045F
7,5444E-04 =31.0
Ta4506E-04 ~31.3
6.E443E=-04 —21.8
T.T6T6E=D4 —=3l.1
T.2553E=04 —3la4
8.5995E-04 =30.7
6,6271E-04 =31.7
6.8509E=04 —-31.6
__T.5142E-04 =21.2
To45T2E-0%  ~21.3
5.6747E+00 1.5
5.5253E+00 Tat
T+ 4056E+00 -4
6. T056E +00 8.3
5.6748E¢00 _ 7.5
b.a94bE+00 8.1
5.57TTBE+00 745
6.0552E+400 Tel
6. 0606E+00 7.8
5.4558E+00 1.4
5. E421E+00 Te1
5.43C4E+00 7.3
6, 52T8E+00 Eod
5.7202E400 Tat
6.7520E+00 E.3
5.9210E+00 1.7
[ 4.7130E+00 &7
4487 S4EYOD 6.9
4.5261E¢00 6.9
5.9873E+00 7.8
4. 45L5E¢0D ba5
5.3Z31E+DD 1.3
5.T957E+00 76
5.5595E+00 1.5
5, 014E¢00 a2
5.0653E¢00 1.0
4. 7133E+00 b, 7
4.SSTSEOD TeD
6.0345E+400 Te8
5.5154E+00 7.7
5.+ 1604E+00 Tal
5.3982E+00 T3
4 ¢ b6 3YE+0Q £. 7

.

RAD

(DEG &K}

246,08
24B.6
L4844
Z249. €
2494
249,11
L TIT
24%.0
249.2
2 B.6

246.0
246.8
256842
24t .49
245.0
246.0
247.0
245.2
247.2
247.8
247.5
24843
249.1
248.9
245, 1
FLY:- 1%
248.2
249.5
249.3
247.€
248.4
248, 5
248.5
249,3
241.6
244.2
24444
244.6
24304+
24%.4%
245.0
24304
243.6
Z2448.2
24%.0
Z45.0
244.0
242.6
L2a4.2
2438
244.2
243.3
244.2

1000 POLAR REVERSAL
10004 EXCESSIVE vEPUL
109000 REC TEMF AuACKRhAL
TEXP ESTIMATED

IC00000 wARK LUAD

CLFsIMATILAS OF FLALS CAM CLCLH.
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FEEE-

UEPUL
FACTUR

021
0.000
0,000
C.000

wé 5o

S/R
CCDE

110000
100000
100000
100000
110009
110000
110000
L000Q0
100900
L00000
100000
160000
100000
LO00D0
Locgan
Loenao
ipo0d00
160000
100000
160000
130000
100000
100000
100000
100000
100000
100000
LO0o00
100000
100000
100000
100000
100000
loo000
100006
1o0doo
100300
100000
100000
la0o00
100300
190200
100000
loooaop
100000
190000
109000
legooo
100300
100000
100000
100000
100000
100000
100000
100000
Lodooon
i0oooo
loaogo
100000
l1gg000
100000
180000
Looooo
100000
lodoao
t0ooao
100000
1acoQn
Leodan
100000
1990000
106000
loonoo
100000
toooon
1040900
190000
ioocao
Loonoo

traRe 1

ALTITUDE

LFEET)

9966
$5959
9957
9956
$554
9959
5958
9955
5953
5956
9956
9954
9955
5955
9955
9953
5551
9952
5956
9956
$951
5953
9952
9952
$953
9952
5953
9957
5957
9961
9960
5963
$963
99861
§946 2
9958
5659 ,
9957
5960
9960
5960
9960
980
5960
5963
9966
$%64
9960
9940
9962
9959
99561
5951
9960
9961
9961
9959
9960
9950
9960
9959
8957
9958
9956
9954
9954
9954
3951
9950
9951
9950
9951
9952
49955
4954
9954
5953
5954
9958
9961

& LTS

FLT
UIRECT
LCEGH

2.5
2.1
F
2.3
2.0
1.9
1.4
1.8
1.8
L.&
1.3
1.2
1.2
1.1
1.1
.9

.6

s

-6

.6
1¢3.4
359.6
3£9.9
359.8
359.7
359.7
359.8
359.6
359.7
359.6
359.5
359.%
359.4
359.4
3£9.5
3E9.5
359.4
359.3
359.3
359.3
359.4
359.5
359.4
359.4
359.4
359.6
359.5
359.7
35947
39,3
3L9.8
359.9
329.9
359.3
359, 8
359.9
380,0
360.0
z13.1



between the "negative” flight direction and the azimutha!l look direction. The
positive cross—track angle is defined to the right of the aircraft when locking aft.

It is induced by aircraft roll and drift angle. The incident and cross-track angles

are precisely computed for any aircraft aftitude. The angles enable the investigator
to locate the illumination area. The scatterometer transmif polarization and the
scatferomefer and radiometer receive polarization are presented in the next fwo
columns, respectively. The scatterometer integration time is indicated in the
following column. The radiometer integration time is not listed since it is constant
(128 milliseconds} regardless of mode or angle. The normalized scattering coefficient
(m2/m2) is shown in decimal os well as dB units. The radiometer antenna temperature
is shown in column 11.

A depolarization factor appears in column 12. The depolarization factor when
expressed as o percentage indicates the percent power transmitted ot the opposite surface
polarization. Whenever DEPOL exceeds 50 per cent a polarization reversal flag is
generated under the S/R validation code (column 13) and the complementary depolari~
zation factor (1-DEPOL) is posted in column 12, If a reversal is indicated and the
(complementary) depolarization factor is small, the poiarization designators in
columns 6 and 7 may indeed be regarded in the opposite state. Polarization
reversals will frequently occur when observations are conducted from an aircraft
roll condition. When DEPOL exceeds 2 per cent a flag in the S/R code is raised.

Other flag conditions can occur under the S/R code. The flags are used as
a quick indicator of an abnormal condition. The interpretations of flags are given in
a key at the bottom of every double page. The range gate flag is specifically set
whenever the aircraft is not within + 300 feet of the range gate setting, On some
occasions this condition may be purposely generated to check the scatterometer
zeros. A dynamic range flag is set whenever the scatterometer return is above or
below the dynamic capability of the scatterometer receiver, If any of the receiver
temperatures are not wi‘i“h in the proper operating range a flag is set.” Whenever the
receiver temperature data is missing for long periods of time (data drop out), the
receiver temperatures are estimated and a flag is generated. The other keys are
self~explanatory . For additional assistance in diagnosing the flagged condition
the conversion report may be consulted.

The latter two columns derote aircraft radar altitude and fl ight direction.
Other aircreft parameters are available from the listings of the aircraft mission tape.
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Not listed but present on the tape is the ambient air temperature at oltitude. .This
latter parameter is available should the investigator wish to use it to estimate the

apparent femperature distribution®.

E. Program ICHAR

Program ICHAR maintains a historical tape file of RADSCAT instrument
characteristics. The historical file will (eventually) consist of many sefs of instrument
parameters which have been entered chronologically and labeled numerically. The
historical file is maintained to chart the changes in the insfrument parameters os may
occur through updating, instrument modifications or simply aging. The Conversion
Program withdraws on appropriate set of parameters from the historical file and applies
the withdrawn parameters to reduce the measurements,

ICHAR performs several useful functions. It will initially establish the file.
Once the file has been established it will permit the user fo append new sets of
characteristics. To assist in the maintenance of the file, ICHAR may be used to
print and punch old sets of characteristics. The punched sets may be modified, for

example, and submifted fo ICHAR as a new set to be appended to file.

F. Program TDUPE

Program TDUPE provides a master duplicate tape of the output tape formed by
the Conversion Program for use on-othér computing machines, The bif conversion
problem between machines is avoided by scaling and integerizing all the numerical
data before transferring the output data to the duplicate tape. This technique has
been successfully applied fo tapes prepared by a CDC-6600 and read on a Honeywell -~
635. The CDC 6600 is a 60 bit machine which performs. "ones complement” arithmetic
whereas the Honeywell is a 36 bit machine which performs "twos complement” arithmefic.
The scale factors may be withdrawn from the listing of TDUPE shown in Figure D=2,
Each output file consists of a header label (o flight run), the instrument charocteristics

applied to the data, and the output data records.

[3 .

See for example, Claassen, J. P. and A. K. Fung, "An Efficient Technique for
Esrimaring the Apparent Temperature Distribution,” University of Kansas Center for
Research, Inc., Technical Report 186~ 8 ,January 1973 .
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Additional integerized tapes may be prepared from the master duplicate tape

by using system utilify programs.
L]

G. Special Programs

In addition to the above production fype programs two engineering routines
WIDTH and GAIN are included in the reduction package. Program WIDTH computes
the eq‘ui‘vqlenf beamwidth when it is presented with the mainbeam antenna pattern,
The equivalent beamwidth parameter is essential to the inversion of the scatterometer
data. The program GAIN computes the beam solid angle and directivity. The initial
factor is important to the inversion of the radiometer measurements whereas the second
is required In the inversion of the scatterometer measurements.

Functional representations of the antenna pattern are required by both programs.
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IV. OPERATING INSTRUCTIONS

A, Introduction

General operafing requirements, preparation of data input files, construction
of the job deck, descriptions of the data products, flags and aborts, etc., are treated
in this section. It is primarily written for the user having little or no knowledge of the
theory and design of the programs. The reader will find that Section II and Section
I will be helpful in understanding the contents of this section. Supplementary as
well as detailed information on these programs may be found in the Appendices.
Sufficient information is intended fo permit the user to operate the primary programs
CONVERT, OUTPUT, ICHAR and TDUPE. The remaining programs WIDTH and GAIN
are engineering routines and should be handled by an engineer (or equivalent) familiar
with the RADSCAT antenna. However, it is also strongly advised that a competent
engineer, thoroughly familiar with the RADSCAT instrument, be involved in the
preparation of the data and in the operation of the primary programs.

System control cards are not specified. It is presumed that this section fogether
with sufficient knowledge of the operating system will dictate the necessary system

control cards.

B. Conversion Program (CONVERT)

1. Generdl

This program reduces 50 word input records to 20 word output records. Various
computational algorithms described in detail in the Appendices are applied fo the
input records to yield data products of interest to the investigator. The input records
are members of a file having an indefinite number of records. The files are elements
of a multi-file tape. Each file is labeled with the eniries shown in Table 1. The
files are footed with an "end of file" mark. It is anticipated that files {flight runs)
from several missions can be stored on asingle tape. Tapes of this type are designated
Raw Data Tapes.

To initiate processing of any of the files or all of them, processing directives
are employed. The directives permit seeking files of certain types and must appear
as data cards in the job deck. Each processing directive must be accompanied with

a file referral argument to select a set of instrument paremeters from the Instrument
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Characteristics Tape* on which sels of instrument parameters are indexed numerically
{ond presumably stored chronologically). A set of these parameters is employed by
CONVERT to reduce the raw data records, Alternatively, the instrument parameters
can be entered from the card reader should the file index be set ot zero. Files
processed under a particular direckive are transferred to the Qutput Tape. Various
processing directives may be applied succes‘sivé!y. In each instance the file search
is effectively initiated from the beginning of the fape. Processing continves until
all directives have been exhausted.

Other types of directives perform service functions, The directive POST
permits newly processed files to be appended fo an old Output Tape. This directive,
when used, must precede all processing directives. The PRINT and PUNCH commands
will list and punch, respectively, aset or several consecutive sets of instruments
parameters from the Instrument Characteristics Tape. When the PUNCH command is
employed, a listing of the set is also generated. '

The composition of ¢ CONVERT job deck is illustrated in Figure 4.

2. Preparation of the Row Data Tape

As mentioned above each file is identified by o header fcbel. The first
seven items in the label (Table 1) are integer variables, The integer varicbles must
be right justified. Note that the dafe requires three words., The sixth and seventh
items are appended to the label to assist in%iéc;ring the proper subset of instrument
characteristics from the set index designated on the processing directive card, See
Section IV D for a description of the instrument characteristic files. The frequency is
specified in GHz. The feed type is declared in the seventh word and is an alpha-
numeric word,

Presently two feed types are employed by the RADSCAT instrument. One feed
uses o mechanical waveguide switch and the other a ferrite circulator. The
abbreviations WG SW and CIRC are recommended as designators. To establish a
convention, they should be left justified, The label must be created with an unformatted
WRITE starement.

Beneath the header fabel are a sequence of raw data records each a mixture of

real and integer words. The records are blocked by groups of 10 records. The blocks

* .
This tape is physically separate from the Raw Data Tape.
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Table 1 . File Label Entries Illustrated

Position Name Entry
1 Mission 207
2 Flight 11
3 Month 7
4 Day 21
5 Year 1972
6 Line 4
7 Run ¢
8 Frequency 13.9
9 Feed WG SW

must be created by unformatted WRITE statements. When insufficient records exist
to fill the last block on a file, the remaining records must be filled with 99992.0
(floating point). These entries are used to flag the end of the records (file). In
addition an EOF is appended to the foof of the file. As many files as practical
may be created on the tape. The end of the files must be flagged with the label
END OF REEL which fills the beginning of a nine word array and in effect is another
file label.
The files are composed of three record types:

t. Normal Calibration

2. Boseline Calibration

3. Measurements
Calibration records may appear anywhere in the file and as frequently as desired. In
a properly constructed file both types of calibrations should appear in the first
records. However, should one {or both) type(s) of calibration be missing from the
top of the file, the program will search for calibration records deeper in the file.
Records bypassed in the search are transferred to a scratch unit for subsequent
processing. Once found, the calibration information is extracted and applied to the
bypassed records. Records following the calibration records are also treated with
the same parameters until new calibration records are encountered. When the cali-
bration information is totally missing or incomplete, the file is bypassed and an
appropriate error message is prinfed.

The entries in the records are shown in Table'II.  Type and units of the

variables are indicated. Parenthetical designators behind some of the entry names

describe the computed results stored in those positions during processing. The integer
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NAME : DATA

POSITION

O N O R W N

Y N N R R RN N N N N N = e el el e md et el et et

TABLE IT RAW  DATA  VECTOR

ENTRY

TIME
FREQUENCY INDICATOR
MODE INDICATOR
DATA TYPE INDICATOR
ANGLE DESIGNATOR
TRANS POL INDICATOR
REC POL INDICATOR
SCAT 1 (OR CONVERTED SCAT)
SCAT 2
SCAT 3
SCAT 4 ‘
RAD POL INDICATOR
RAD (OR CGNVERTED RAD)
SCAT'ANGLE (OR INCID ANGLE)
RAD ANGLE (OR X-TRACK ANGLE)
RANGE GATE INDICATOR
T,, 9.3 DICKE SWITCH
T,, TRIPLEXER
T,, T/R CIRCULATOR
T, 13.9 DICKE SWITCH
T, 9.3 TDA
5 9-3 WARM LOAD
9.3 LIMITER
, BRACKET
COMMON T/R GUIDE
11.7 DICKE SWITCH
13.9 WARM LOAD
POLAR SWITCH OR CIRC.
SCAT CALIB SWITCH
T4 9.3 IMAGE REJECTION FILTER

21
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TABLE I RAW DATA VECTOR (continued)
NAME : DATA
POSITION ENTRY TYPE

31 T,, BASEPLATE R
32 T, g OMT R
33 T;, HOT LOAD R
34 CIQC R
35 Veuply R
36 FLAG (T;; MISSING) I
37 EMPTY
38 ‘
39 !
40 7
A1 RADAR ALTITUDE R
4 GRD SPEED R
43 PITCH R
44 DRIFT R
45 ROLL R
46 AMBIENT AIR TEMP R
47 FLIGHT DIRECTION R
48 EMPTY
49
50

UNITS

VOLTS

VOLTS
VOLTS

FEET

FT/SEC
DEGREES
DEGREES
DEGREES
°c
DEGREES



indicator variables.are defined in Table III. These indicators are employed to cue
certain program actions or to index varicbles ond must be right justified. Items 2

~ through 13 and 16 are extracted from the RADSCAT microwave data channel. Items
17 through 32 are retrieved from the RADSCAT ATM channel. Item 33 is presently
entered by hand but may eventually appear on the ATM channel. Items 34 and 35
are presently ignored but may also eventually appear on the ATM channel. Item 36
is presently entered by hand and is used to flag missing remperature data (DATA(17) -
DATA(32)). Items 41 to 45 ond 47 are provided by the Litton Navigator LTN-51
aboard the C-130, Item 46 is provided by an external sensor aboard the aireraff.

The measurement records must be completed as shown in Teble II, However,
the calibration records may be abbreviated to include only the data type indicator
(DATAM-)) and the calibration entries in the appropriate SCAT and/or in the RAD
position. The normal calibration records must be ordered by SCAT channels {one
through four) with the normal RAD calibration occusring in the fourth record (contain-
ing the SCAT channel 4 calibration). The routine which exiracts calibration data
will orient itself on the calibration record for SCAT chonnel 1 in an attempt Fo meet
contingencies where calibration record drop=outs occur, Any number of normal
calibration seaquences (calibrations on channels one through four in each sequence)
may occur successively. All will be averaged. Typically the instrument produces
three sequences of normal calibrations. The baseline calibration record simply
requires the appropriate RAD baseline calibration in the DATA(13) position (as
well as the type indicator in DATA(45) and may occur anywhere in the file except
within a sequence of normal calibrations. If is essential that the baseline and normal
calibrations be grouped by three or more consecutive records to assure that a sta-
tistically significant average will be established. The program will average con-
secutive baseline records, even if they are interspersed with sets of normal calibrations.
The normal calibrations will also be averaged in this circumstance.

A routine prepared by Langley Research Center actually merges data

from several sources to meet the above specifications.

3. Preparation and Use of the Control Cards

There are four types of processing directives and three service directives.
The directives consist of a control word and some arguments. All control words are
left justified; the arguments are right justified. Sample directives and their formats

are defined in Table TV.
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TABLE III, DEFINITION QOF INTEGER INDICATOR VARIABLES

0

1 2 3

Frea_'.;ency Indicaror 9.3 GHz 11.4*GHz 13.9 GHz

R MNormal Buse \
Dete Type- Measurement Celiration Calibration
Argle Cesignator X X A
Fo*;{i:cﬁon Indicator Horizonta! Vertical
fonce Gele 2000 v, 5300 ft. 10,000 f&, 20,000 fi.
Mode Indicotor® R.C. 5.5. F.A. - ALAL

i

“NGT OPERATIONAL

* .

R.Q. = RADIOMETER ONLY
5.5, = SHORT SCAT
FLA, = FIKED ANGLE

ALA, = ALTERNATING ANGLE




TABLE IV. CONMNTROL CARD OPTIONS ILLUSTRATED

74

ARGUMENTS
CONTROL WORD | MISSION __FLIGHT _LINE _ RUN _ LINE PRINT MODULUS __ICHAR SETNO. _ FILES TO BE PROCESSED

Ab, 4X 15 i5 i5 15 15 15 15
SPECIF 207 12 2 3 1 2 1

208 - '
FLTLIN 208 1 4 - 5 3 81
MISFLT 209 4 . —— —-_— 10 3 10
ALL e — - - 10 ' 2 999
POST - - e - - T C e
PRINT - -—— - - e 2 2
PUNCH - - - - -- 1 1

=B,

=5

28

® B,

:

2y

G



The control word for the processing directives designates the clossification of
the file search fo be conducted. The search is conducted by comparing the arguments,
‘mission, flight, line and run on the directive with the file [abels on the Raw Data
Tape. The depth of comparison in the label will depend on the type of processing
directive. ALL will process all files on ihe tape, MISFLT will process all lines and
runs under the designated mission and flight, FLTLIN will process all runs from the
specified mission, flight, and line. SPECIF will process only a particular file
labeled by the specified mission, flight, line and run. When consecutive processing
directives are employed, the file search is effectively conducted from the beginning
of the tape.

Arguments ofher than the mission, flight,line and run must also be provided.

The sixth word LNPMOD controls the density of records on which reports will be
made in the activity report. The use of this parameter will limit the amount of
print out acquired during the reduction of records. I will not affect the density of
outpuf records.

The set of instrument characteristics (ICU) to be applied to the specified files
is designated in the seventh word, The entry specifies the file position on o
master tape of characteristics. If o zero is entered, the program will expect
instrument parameters to be read from cards appended behind the program control
card, When characteristics are read from the card reader, processing is [imited to
one physical file regardless of the directive. This control option is primarily reserved
to test a sef of instrument characteristics. See Section IV D for a description of the
format required for the instrument charocteristics, If 999 is specified, the [ast set
of characteristics on the master (historical) tape will be used.

The last (eighth) entry NFP on the control card specifies the number of files
to be processed under the directive. To process all files under the directive simply
make NFP sufficiently large.

The special service command POST may be used fo position a previously
produced output tape to a point behind the last file on the tape. The use of this
command will, therefore, permit new files to be appended to an old output tape. This
command, when used, must appear before any processing directives. There are no
arguments with this directive,

The two service directives PRINT and PUNCH are provided to list and list

and punch a designated set of instrument characteristics, respectively, The desired
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set number is entered in columns 36 through 40 of the directive card. If n=1 sets
behind the designated set are to be listed or punched also, NFP should be set fo n;
otherwise it is set equal to one. INFP appears in column 41 through 45 of the directive

card.

4, Peripheral and Memory Requirement

The input and output unit requirements are illustrated in Figure 5. Under o
processing directive units 01, 02, 04, 06, 08 are required; under the service directives
PRINT or PUNCH units 04, 06, and 43 are required. Unit 08 is a scratch unit, either
disc or fape, perferably disc, It is used fo temporarily store bypassed records when
it is necessary to search for calibration data.

Approximately 17000 decimal words of memory were required fo load this

program on a CDC-6600 to include buffer space and system routines.

5. Flags and Aborts

The activity report produced by the program conveys various messages fo

indicate the status of the processing. It is normal for the program fo echo check
the directives, to list the progress on the processing, and fo indicate a normal
termination. The Conversion Report will also make regular statements reflecting the
progress of the processing and the quality of the measurements. A sample listing of
the Conversion Report is shown in Figure 2 of Section If. In some instances however,
improper use of the program or construction of the data will result in an error message
ot an aborf, .

When an abort condition is encountered, an error message is generated, an
abort code is given, an end of file mark is appended to the output tape on unit 02,
an END OF REEL statement is appended, and control is yielded to the system.
Table V defines the various abort conditions. When invalid data records are
encoﬁnfered, an error message will identify the improper element and the entire record
will be dumped in octal. The message will appear within the Conversion Report.
When more than 10 bad records are encountered in a file, the remaining records in
the file are bypassed and processing is directed fo the next internal activity. When

more than three bad files are encountered the processing is aborfed.
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Table V. Definition of Abort Codes

uD = Unrecognized Directive

iC = Instrument Characteristic Missing

MF = Missing Raw Data File

FF = Unable to Find Instrument Characteristics

with the Feed and Frequency Designated
ER = Too Many File Errors
NFP = NFP less than 1

6. Description of the Data Products

Normally two data products are generated by CONVERT, an activity report
and an output tape. When the PUNCH option is employed a set or sets of punched
instrument parameters can also ocour. The character of the punched ot;fpuf is
identical fo that described in Section III D, The activity report reflects the program
progress and largely contains items in the Conversion Reporf. See Figure 2 of Section
1T} for an illusiration of the Conversion Report. The Cutput Tape, however, will be
described. _

The output file structure is similar to that of the input raw data files. The
file consists of the file label and blocks of cutput records. However, occurring
between the label and output record blocks is the set of instrument porameters that
had been used to process the input records. The entries in the file label are the same
os that for the input files shown in Table I. The label and instrument parameters are
created with separate unformatted WRITE statements. The entries in the instrument
characteristics are described in Section III D, The output records occurring beneath
the instrument parameters are bl ocked in 20 records groups. Each block is created
with a binary WRITE statement. The elements in the output records consist of mixed
integer and floating point eniries. The entries are defined in Table VI. When
insufficient records exist to fill the the last block in the file, the remaining entries
are filled with integer zeros. An "end of file" mcirk is created affer the last block
in the file.

When all directives have been exhausted or the program aborted an "end of

reel” statement is appended behind the last output file.
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POSITION

[ I N O R

5.
16-20.

TABLE VI OUTPUT DATA VECTOR

ENTRY

TIME

MODE

INCIDENCE ANGLE

CROSS TRACK ANGLE

TRANSMIT POLARIZATION
RECEIVE POLARIZATION

SCAT INTEGRATION TIME
NORMALIZE SCATTERING COEF,
NORMALIZE SCATTERING COEF.
ANTENNA TEMPERATURE
DEPOLARIZATICN FACTOR
DATA VALIDATION CODE
ALTITUDE

FLIGHT DIRECTION

AMBIENT AIR TEMP
EMPTY
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C. Qutput Program

1. Generdl
The Output Program simply lists the output recerds prepared by program
CONVERT, The output listings are organized by files which are selected by exrerndl
directives similar to those described for the Conversion Program., A sample of a list-
ing is illustrated in Figure 3 of Section III. The file heading together with instrument
characteristic identifiers compose the page heading. Beneath the heading are listed
80 record images; each image consists of the first fourfeen entries in an outpuf record
as defined in Table VI, The fifteenth entry is not printed but is available on tape
should the investigator choose to use it to further reduce the radiometer data. Each
line of prinf~out is oppended with the record number. The record number corresponds
to those used in the Conversion Report. The 80 records are intended to fill two
consecutive pages of print-out where the page size is 8-1/2" by 15", Appended to
the foot of each double page is a key defining the S/R validation code in column 13.
The instrument characteristics although present on the output tape are not
listed. The set which has produced the data is identified in the heading on the
right by the set number and date. No option is provided to print the characteristics.
The job deck for the program QUTPUT is organized identically to the conversion
program (however, no instrument characteristics must appear in the data deck). File
types are selected from the output by proper use of the directives:
T. ALL
2. MISFLT
3. FLTLIN
4, SPECIF
The meaning and use of these directives have been presented in Sections 11 B.T and
[II B.2. The format of these control cards is identical to those described above. In
the argument field of the conirol card the appropriate file identifiers must be present.
No provision is made o limit the number of files to be processed, nor can the record
density be controlled through a line print modulus. 1t is, of course, meaningless to

specify the instrument characteristics ICU,

2. Program Messages

In addition to listing the output file, OUTPUT will keep the user posted on
its internal activity os it searches for the specified files. The directive is initially
echo checked, bypassed files are identified and the user is notified when the reel is

encountered, Unrecognized directives will terminate the processing.
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3. Peripheral and Memory Requirement

Peripheral requirements are illustrated in Figure 6. The program required
approximately 7000 decimal words of memory on a CDC 6600 to include buffer space

and system routines,

D. Program ICHAR

+ 1. Generdl

The primary purpose of program ICHAR is to maintain a file of instrument
characteristics. The file is maintained not only to serve as a source of parameters
to reduce raw data records but also to serve as a history of the changes undergone by
the RADSCAT instrument. The file can consist of many sets of instrument parameiers
which ate appended to the file numerically. The user may also identify the sef by a
date which is entered with the parameters.

Each set of instrument characteristics can consist of four subsets. The four
subsets permit characterizing the instrument for a combination of two feeds and two
frequencies. Each subset is composed of a set of radiometer parameters ond a set of
scatterometer parameters, The subsets are identified by feed and frequency. These
identifiers are used by the Conversion Program to select the appropriate subset of
characterisfics.

This file maintenance program is operated by means of external control cards.
Four directive {processing) options are offered:

1. INITIALIZE '

2. APPEND

3. PRINT

4. PUNCH
They must be left justified and occupy columns 1 through 10 of the control card.
INITIALIZE will create the historical file by storing the first set of characteristics
on the tape. The set must appear behind the control card. APPEND will permit
other sets to be added to the existing historical file. The characteristics set to be
appended must appear behind the APPEND command card. When several sefs are
added at one operation, each set must be led by an APPEND card and intervening
PRINT or PUNCH commands are not permitred. When sets are appended to the file,

the old sets are transferred from the old tape to a new tape and the new sets are then
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added to the new tope. Before appending a new set of characteristics, if is
advisable to have fested them in the Conversion Program by entering them from the
card reader.

The PRINT and PUNCH commiands perform the same service as they do in the
Conversion Program. However, one command must be used for each set to be printed
or punched. The set to be printed or punched must be specified on the control card
in columns 11 through 15, The set number must be right justified. A listing
accompanies the punched output. The PRINT or PUNCH may preceed or follow a set
of APPEND commands but must not intermingle with them. These commands are
provided so that new sets may be formed easily from old sets of characteristics.

A sample deck is iflustrated in Figure 7.

2. Preparation of the Instrument Characteristics

The instrument parameters cards must be prepared in groups of four subsets,
When insufficient data exists to complete one of the subsets, a complete subset
may be repeated an oppropriate. number of times o Fill the requirement. A sample
subset Is shown in Figure 8.' The [ines actually represent card images (except for the
word SET). The eniries in the upper half are radiometer parameters whereas the entries -
in the lower half are scatterometer parameters. This subset would be used for '
measurements taken af 13.9 GHz with a waveguide switch (WG SW) as the polarization
switch. The radiometer and scatterometer parameters are identified with the set
number of which it is a member and with a date of entry (origin). The first line of
radiomefer or scatterometer parameters must be punched with the format 415, 10X,
£10.3, Al10, E10.3 whereas the remaining lines must-be punched according to the
format 7E10.3. Excluding the set number and date, the radiometer parameters array
consist of 75 words and the scatterometer parameter array consists of 85 words, Not
all words are necessarily filled.

The entries in the radiometer and scatterometer arrays are defined in Tables
VII and VI, respectively. Many of the entries can be clorified by referring to a
description of the reduction algorithms in the Appendices. These algerithms have
been developed from the transfer and calibration characteristics of the RADSCAT
instrument. As a consequence the entries may change (and perhaps the program
algorithms) when the instrument is modified. Many of the enfries must be based on

special calibrations and measurements. Explanations are required for some of the
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SEY

SET

1 DATE
&
1.0200E=02
..0'
-8.7B00F«00
Te9aT7OE+QL
=B,7800E+00
TLHAB2GE=0)
=8.7800L+Q0
-0
_0'
-‘OI

1 DATE
S.8000E-01
3.7SHBF =01
1.0000£8+00
1.6125E+04
2.2514E-01
1.30006=01
5.1500E=01
1.3460F+00
1.0000E+00
1.4A50E+00
5.5000F=-01
1.0000E-01

19 23 72
3.9900E+02
1.0190E-02
1.2800£-01
7.9871E+01

=84 TBOOE+ 0T
T.2288E+01
«8.TBOOE+DO
T.FITIE+01

~0.

=0

=0,

10 23 T2
S5.9500E-01
3.T916E=01
1.0000E-02
1.4125E+04
Re2514E-02
1+6500E=01]
6. 0000E~01
1.3460E-00Q
1.0560E+00
1.53B0E€+00
4.2 00E~Q1]
R.5000E~02

1.3900E-10
1.0540E+ 60
6.0000E-02
1. 0000601
-8.7800E+00
7.8730E+01
=8.780Q0E+00
T.97S7E+01
1,0000F+00Q
=0
=-0.

1.3900E+10
6.3706E-01

0.
3,1623E-04
1.4000E-00
[
2.13006-01
7.6900E=01
1.2500E+00
1.1120E+00
1.4420E+00
2.9700E—01

-0.

WG 5W
1+9950F+02
6. 0000F =04
3.2500F 02
T+9169L 01
=B 7800F + 01
T.98R9E+01
=3 . THGOE + 00
~2.7118E+02
=0
~0.

WG Sw
T.0700E=-01
0.

3. 1623E-0%
1.0500F-01
0.
2.6200E-01
8.8S00F-01
1+ 1S40E+00
1.2170E+00
1.3460E+00
Z2.3300E=-01
=0.

0.
4.0000E-01
0.
3.0500F 02

-A,TROGE+D0
T«G415F+01}
R, TROODE DD
T.909E+01
-0,

-0e .

=0.

' 1.0000E-01
8.0200E-01
4,9753F=01

-R,0D000E =03
1.4000E~01
4,6000E-02
2.8600E=01
1.0000E+00
1.0960E+00
1.32305+00
1.1570E+00
1.7300E=01

=0,

8.0Q00E-92
Qe
=H. 1B00F+00
T8 I9F+0]
~8. 7B00L <00
B8.0178F+01
=R. fB0O0E+00
0.
=0
-0.

Q.2400E-01
S5.0213F=01
3.2000F+02
~6.3400€6-+00
7. 1000F-02
3.U000E-01L
1.1730E+00
1.0330p+00
1.3730E-00
F.0300F =01
1 aus00E=-01

FIGURE 8. SAMPLE OF INSTRUMENT ClARACTERISTICS
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A,0000L-02
-0
Fo99ZuE+it]
-, THODE + vl
T.3704E-01
~H, TB00E ~U0
7.9573E+0ul
=-0. ,
-0
-0,

3. 0000E-01
2.0893E=-v ¢
2.5000E+n2
5.,0000E+u]
2. 6000L-02
6,4200k-ul
1.3460E+ U0
1.0190E U0
l.ar3pE«VD
7.F000E-V1
1. E500E-01


http:1.3460r.06
http:1.5160E.o0
http:1.2]70E.00
http:1.0960C.00
http:1.3460F.00
http:6.3400F.00
http:1.000E.00
http:7.9b73E.QI
http:7.9889E.01
http:8.78OOE.00
http:8.tocor.00
http:8n7aoOE.00
http:9.1800.u0
http:3.0sOOF.02
http:3.2QOE.02
http:1.040r.0o
http:1.3900E.10

TABLE VIl RADIOMETER PARAMETERS

VARIABLE NAME : RPAR

POSITION

0 N oW N

L N R RN NN R R N N = o et et el et e et med e
O VWO NG e WN O WMONO, B W N O 0

ENTRY

FREQUENCY

FEED (WG Sw OR CIRC)

CRQOSS FEED CONSTANT

HOT LOAD REFERENCE CONST
WARM LOAD REFERENCE CONST
HOT LOAD BIAS FACTOR

WARM LOAD BIAS FACTOR
SWITCH COMPENSATION FACTOR

CUTLER FEED " ;oo

1 18 1t

INPUT GUIDE " "

RESIDUAL ' !

MEASUREMENT PERIOD
CALIBRATION PERIOD

UPPER TEMP LIMIT

LOWER TEMP LIMIT

THERMISTOR CONVERSION FACTOR
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UNITS
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UNITLESS

UNITLESS
UNITLESS
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TABLE VII RADIOMETER PARAMETERS (continued)

2

POSITION ENTRY TYPE UNIT
31 THERMISTOR CONVERSION FACTOR 0¢5 Fé.2 OC/VOLT
32 n n 1t B §l OC

5
33 n uo m o, " °c/voLT
n M I n o 2
“ o B 4 C
35 ¢ . , .o L o, " °C/VOLT
36 It n It B n OC
. 7
37 1 I ) o 5 it DC/VOLT
38 u 1] i B n OC 5
8
39 u 1 I og n OC/VO LT
40 H] n 11 B T OC
@
41 n n no- o 16 n OC/VOLT
i i 1 Tl o
42 B1o . C
43 H n " a] I 1 C/\/OLT
" " " ’ n o ‘
44 B11 . C
45 8 n u a]z It C/VO LT
46 1] It 1] B U OC )
47 n n n alz n Oc/vo LT
13
it 1] 1 It o
48 : 813 3 C
49 ] ] H] CL]4 n C/VOLT
50 u no u u OC
5] 1l 1l 1" 514 " OC/VOLT
o =15 o N
1 n 1 B'[S n C
[} 1] 1 [1] O
Zj \ :Té CC{VOL'I:
* I 3] 1] n C
16
i it 1t 1 o
55 07 C/VOLT
56 a " 1 817 . n Oc
57 EMPTY )
75 EMPTY

38



POSITION

0 N & U bW

e
S N0

n
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

TABLE VIII SCATTEROMETER PARAMETERS

ENTRY

FREQ

FEED (WG SW OR CIRC)
CALIBRATION PERIOD
INT. TIME #1

INT, TIME 72

INT. TIME 73

INT. TIME 74

INT. TIME 75

INT. TIME 76

{SHORT SCAT INT‘,TIME
TRANSFER FUNCTION

CAL ATTN CHAN 1

oo "2

"o "4
FILTER LOWER LIMIT (NEG)
FILTER UPPER LIMIT (POS)
FILTER RESOLUTION
ANT GAIN H
ANT GAIN V
CHAN #1 SATURATION LEVEL
EMPTY

MINIMUM SQUARE LAW LEVEL FOR
ALL CHANNELS

ANGLE CONVERSION FACTOR

39

N AN =N

< T
— =

VHT
HVT

=
=)

ZITT OO 00000
-~

TYPE

OO O o ON R W N R AR AN ™ N XA R AR ARA AR >R

=3

UNITS

—

HZ
HZ
HZ

VOLTS

VOLTS

DEG/VOLT



POSITION

3]
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

TABLE VIII SCATTEROMETER PARAMETERS (continued)

ENTRY

ANGLE CORRECTICN FACTOR*
EQUIVALENT BEAMWIDTH H  peq
EQUIVALENT BEAMWIDTH V  geq

EMPTY

f= 3000
f= 2750
f= 2500
f= 2250
f= 2000
f= 1750
f= 1500
f= 1250
f= 1000
= 750
f= 500
f= 250

f= =250
f= -~500
f= -750
f=-1000
f=-1250
f=-1500
f==1750
f=-2000
f=-2250
f=-2500

TYPE

o~ A X

ED
Includes relative pitch between aircraft frame and antenna gimbal.
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TABLE VIII SCATTEROMETER PARAMETERS (continued)

POSITION

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

ENTRY

RIEI'_A'T?IVE FILTER GAIN,

EMPTY

41

f=-2750

F=-3000

f=-3250
f==-3500
f=-3750
f=-4000
f=-4250
f=-4500
f=~4750
f=-5000
f=-5250
f==-5500
f==5750
f=-6000
f=-6250
f=-6500

==6750
f==7000
f=~7250
f==-7500
f==7750
f=-8000

TYPE

RN DN N T RN R A DR RO R AP RO SRR

UNITS



enfries. The thermistor conversion factors in RPAR(23) through RPAR(56) convert the
thermistor voltages in DATA(17) through DATA(33) to temperature in centigrade

(see Table II}). A sampled representation of the scatterometer doppler filter frequency
characteristic appears in SPAR(34) through SPAR(85). The sample frequency interval
is designated in SPAR(24) and the frequency domain of the doppler filter is specified
in SPAR(22) and SPAR(23).

3. Peripheral and Memory Requirements

The peripheral requirements are illustrated in Figure 9. To load the program
required approximately 10,000 decimal words of memory on a CDC-6600 to include

buffer space and system routines.

E. Program TDUPE

Program TDUPE scales and integerizes output files prepared by program
CONVERT and transfers the result fo another tape, - The resulting tape serves as a
master tape which may be duplicated and sent to the investigator for use on another
type of computing machine,

The scaling and transferring of an output tape is implemented by an external- con-
frol card appended fo the source or object deck. The card simply states the files by mission
and flight which are to be transferred. The control card requires a 2110 format. The
input files must be located on tape unit 01. The specified file fypes are transferred
to a tape on unit 02. An activity report, stating the status on the fransfers, is
generated. The program Fequires approximately 8000 decimal words on a CDC-6600,

The peripheral requirements are illustrated in Figure 10.

F «+ Special Programs

Several engineering application programs are provided to compute and/or
verify certain anfenna paramefers employed in the instrument parametfers, Program
WIDTH computes the equivalent pencil beamwidth, an important parameter to the
inversion of the scatterometer data (SPAR(32) and SPAR(33)). The program GAIN
computes the antenna gains SPAR(25) and SPAR(26) and the beam solid angle.
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Program WIDTH is self sufficient when anfenna patfern information is
provided in the FUNCTION subroutine FUN. Presently functional representations
of the main beam out fo & degrees from boresight are provided. This routine
may be replaced by a sampled version of the main beam. However, interpolation
between sampled values must be provided since a double integration routine requires
values dictated by the Gaussian Legendre quadrature technique. .

Program GAIN requires both polarized and cross polarized power patterns.
Functional representations of the polarized pattern is now given in FUNT and the
cross polarized pattern in FUN2. These may be replaced with sampled valued
representation, if desired. Again, interpolation will be required.

For more specific informtion see Appendix E.
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APPENDIX A

CONVERSION PROGRAM

I. INTRODUCTION

The conversion program (CONVERT) applies many reduction algorithms to
the raw RADSCAT data to provide the investigator with a set of comprehensive data
products with which to interpret the scattering and emission characteristics of the
scene represented by the data. CONVERT consists of the Control Section and the

following subroutines:

1. IREAD /. CALIB

2. READ1 8. RCONV
3. WRITE2 9. ANGLE
4, ABORT 10. DOPCHK
5. SEARCH 11. SCONV
6. CRUNCH 12. THERMO

The theory and design of these routines are treated in this appendix.

1. GENERAL OVERVIEW

The Control Section reads and interprefs external directives. On the basis
of the directive, the appropriate files are retrieved and presented fo the processing
subroutines. Subroutine SEARCH executes eniry info the data records of the file in
search of the oppropriate calibration records. When found, the calibration
information is extracted and averaged in subroutine CALIB, When sufficient
calibration data cannot be found, the file is bypassed. The actual processing is
performed by subroutine CRUNCH which applies various algorithms and calibration
information to reduce the data. Many of the algorithms are embodied in sub-
routines, bearing descriptive names, which are called from CRUNCH,

Subroutine ANGLE computes the incident and cross~track angles using

aircraft attitude and ook angle information. Subroutine THERMO checks internal
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receiver femperafures . The antenna temperature is computed in RCONV using the
transfer function of the RADSCAT radiometer, the temperatures developed in
THERMO and RAD calibration parameiers. When scaiterometer dafa is present,
the maximum on-scale measurement is selected from the four SCAT channels with
an in=line routine in CRUNCH. Using aircraft ground speed, DOPCHK computes
the doppler shift in the scatterometer signal. The doppler filter gain is chosen
accordingly . The scotterometer transfer function is applied in subroutine SCONY
to compute the scatterometer normalized input power. An in=line routine in
CRUNCH applies antenna inversion parameters to the input power to compute the
normal ized scattering coefficient.

When additional calibration records are encountered, the old calibration
information is replaced by the new calibration information by subroutine CALIB,

Subroutine IREAD and READT perform the file read functions, whereas
subroutine WRITE2 performs the write functions.

Subroutine ABORT is employed by the CONTROL Section to abort the job

when an abnormal condition is encountered.

IT. CONTROL SECTION

A. Theory and Design

The control section was developed to give the user a large amount of
flexibility in the choice of the instruments characteristics and the files to be
processed. As many or as few files of a particular type can be processed. Some files
can be treated with one set of instrument characteristics and others with another,
These features permit the user to (1) test a set insfrument parameters, (2) group the
files by type, (3) process different types of files with different instrument parameters,
(4) erc. The flexibility in the choice of parameters was incorporated with the full
realization that the instrument would undergo modifications.

Control of the program is executed by the choice of appropriate directives
entered as dafa cards. The types of controls have already been discussed in Section [l
and III of the text and will not be treated here again. The method by which control

cards are read and files are refrieved is shown in the logic diagram of Figure A-1.
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{ START )
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INSTRUCTION
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NO

WRITE
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I TIALIZE
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MSTART= 1
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AT PAGE I8
%1;}%003 QUALIFE

NO

3
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ReAD LABEL] [ REmD
2/ ?

END OF REEL

RESTRICTS

PROCESSING
TO ONE FILE

Yes
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SET
TNSTRUCTION ONLY
5
ASSIGN SET
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END OF REEL

UKNRECOGRIZED

[RROR
MESSAGE

|

|

READ

INSTR. CHAR,

ICSET=0

{ DETERMINE
| SETNO.
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KRG i
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?
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CURRENT CURRENT FI LE
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FIGURE A=1(a). DESCRIPTIVE LOGIC DIAGﬁAM FOR

THE CONTROL SECTION
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BY-PASS

M - KCF Jucr= M | \
FILES L=
BY-PASS .
ficu-nee)
FILES CATALOG
=, OUTSIDE
CATALOG
CURRENT FILE
WRI™E ERROR !
HESSAGE
iCANTTIND IT) [ UP-DATE
M=NFE+1| | DESIRED
(HLE INDEX
YES

FOUR SETs) [ mesd

MUSTBE | [INSTR, CHAR, —r
PRESENT | s o ABPED G
VIRLAY
SETELD OF CATiies

REEL IND.
SEAE | Y Lo pi (19) 091 AT
~ FOUNH -4z
INDICATOR # K \OG

- YES
UP-DATE ) SEARCH 35 Y
CURRENT CATALOG
CHARACTERISTIC
INDICATCR .

- 1O
.,
w0 CATALOS ™ yes [ ERROR HESSAGE
@ PROCESS ALL SEARCH EXIAUS (D > — | wissing FLD @?
[ vEs :
e e .
INITALIZE MSTART) NFF onT r
CURRENT FILE AN FILE
INDICATOR ME DESIRE
NCF = 1) MESSAGE {Meti+)
, {NO MORE) -
6
[revii01 |
NO EARLIER S
ON TAPE VHERE "
FILE v CURRENT DO THE TAPE ~

Oit EM-HCE)
?

PUTH
INSTR. CHAR,

FRCREZGENT
15ST ChaR
ARDTIRE
PROCESSID
INDECATOR

PRINT
OR PUNCH
SOMEMORE

FIGURE A-1. (b) DESCRIPTIVE LOGIC DIAGRAM FOR
FOR THE CONTROL SECTION
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WRITE LABEL

iCHAR
FROM CARDS
7

ERROR MESSACE
{FEED - FREQ)

ICHAR AND
DATA COMPATIBLE
?

PROCESSING
COMPLETED

INCREMENT
PROCESS ING
COUNTER

BREAK QUT
* | RPAR AND APAR

UP-DATE FILE
SET FILE ERROR AND SEARCH
INDICATOR POINTERS
(EFLAG = FALSE) . )

Y

Y

WRITE LABEL, TOO MANY
RPAR AND SPAR BAD FILES

2

ORIGINAT; PG B
ALITYy

OF POoR

¥

PROCESS FILE
{CALL SEARCH

QU

CALL

UP-DATE

ENDF2

e CURRENT

FILE IND,
NCF= NCF+1

[MwMe1
| MSTART = M

> VES /1 BORT
iR
INCREMENT
FILE ERROR
COUNTER

FIGURE A-1, (c) DESCRIPTIVE LOGIC DIAGRAM FOR
THE CONTROL SECTION
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The numbers on the connecting points coincide with the statement numbers of the
text shown in Figure A-2.

An instruction is read from the card reader. If it is POST, the files on an old
output tape are bypassed in statements beiween 39 and 1 of the diagram. Another
instruction is then read. The instruction is echo checked, file parameters are initialized
and in the subsequent blocks of Figure A-1, the processing type is identified.
Thereafter the specified instrument characteristic is read from unit 04 or 05. If the
last set of characteristics on a file code 04 is desired and its file number is not known
(ICU=999), the last file number is determined in statements befween 6 and 5. If, on
the other hand, they are to be read from cards (ICU=0), the appropriate action is taken
and control is advanced to statement 15, If a specific file is designated, an appropriate
number of files is bypassed until tape unit 04 is positioned on the correct file (see steps
between statements 10 and 13).

If the set is to be punched or printed, the: appropriate action is faken in steps
preceeding statement 14. If NFP>1, NFP-1 subsequent sefs are also punched or printed.
(See steps between 112 and 13). When completed, the next conirol card is read.

When the control card is a processing directive, the instrument characteristic
tape will have been positioned to the correct file (set of parameters) or the set will
have been entered from cards. Steps following 15 search for the appropriate data file.
The search is governed by the type of directive. Bypassed files are cataloged in steps
between 25 and 22, If the desired file is in the catalog and the current file is strictly
in the catalog, the appropriate numbeér of files are bypassed in steps between 22 and 24,
If the file is beyond the catalog, the catalog'is updated as the program advances the
tape in search of the file.

Once found, the file label is listed and the oppropriate subset of instrument
parameters is withdrawn from tape if they weren't entered from the reader. SEARCH
is then called to find the calibration dota. SEARCH in turn calls CRUNCH to
process the measurement records. Once completed control returns to the Control

Section where additional files are sought or another directive is read.

B. Program Listing

The Control Section Listing is shown in Figures A-2(a) through A-2(e). The

variables are defined in the listing.
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PROGRAN CUNERTF LINPUT sOLTPUT s PUNCH TAFL Ly TAPEZy TAPE4s TAPEU cccacoo?

* TAPES=INPUL 2 TAPEG=OUTPUT  TAPEG 32 PUNCH) 00000008
cLees CCNVERSICHh CLNTROL SECTION 00009009
[4 o L cooeanla
C TH!S PRCGRAM wAS PREPARED BY . 0coaaoll
c coo0n01z
c JEHN P. CLAASSEN ¢ouono013
c GLEM Eo ELLIDTT 00000014
c ¢0000015
c . . _ UNIVERSITY OF KANSAS CENTER FGR RESEARCH €G000016
c cooo0D1LY
c £a000024
C PROGRAM UESCRIPT IOh. 06000025
[ FILE CCUES USED. 00000030
c (Cc00031
C 0l == LINFLT RAW DATA. . 06000032
C 02 =-— LUTPUT PROLESSED DATA. c0000033
C 04 —~ LNPUT INSTRUMENY CHARACTERISTICS FILE. 00000034
c 05 -— SYSTEM INPUT - DIRECTIVE CARCS. ) 00000035
c Ob -- SYSTEM CUTPUT — PRINT LINES. - 0000036
[ 08 -- SCRATCH FILE ~ USED oY CCHPLIATION SECTIGN. 00000037
In 43 == SYSTEM GLTPUT — PUNCHED CARDS. cG0C0038
c 0000059
C VARIABLE NAMES LSED. CLoeco40
c €0000041
¢ LBLTBL #LAuEL TABLE#z. TABLE CONTAINING £CO60042
[ LABEL INFORMATICN (MISSICN, FLIGFT, LINE, RUN} FCR ALL  GOO0O00043
C .. . _ __LATA FILES BYPASSED S0 FAR. ___ 00000044
c £0000045
C NwWPST  #MhEW PDSITEON.# ARRAY CONTAINING LAGEL INFO (M,F,L+R) 00000046
[ OF NEXT FILE TO BE PROCESSEC. CGORa047
c COBN004Y
[ NCF #MUMBER GF CURRENT FILSE.# POSITICA POINTER FOR €00000469
C. . FILE CCDE Q. N e .. 00000050
[ Cooonsl
c . KRFE LNUMBER CF FINAL FELE.# INDEX GF LAST ENTRY IN ccoonos2
C #LBLTBL: TABLE. 000n0053
c . CCO00054
c MSTART STARTING POINT FOR SEARCH [N #tBLTEL# TASBLE. 00000055
c . e - s CCO0C056

L Lol TINPUY FELE TO LSEs _RELATIVE PCSITIFON ON FILE CCEE Ol. €C000057
1
P EORI #EWD GF REEL INDICATOR.# LCGICAL VARIASBLE, SET TRUE cCoauos9
o nEEN ENC OF REEL ON EILE COBE 01 IS DETECTEL: INCICATING (CCCCOOG
, c FLBLTUL® TABLEIIS CCMPLETE. ’ CG0000s1
icC i (coeo62
c 1EQR INTEGER ARRAY CUNTAINING wORDS #fENC OF REEL#. 0000003
C CLONN064E
c IPTYPE INTEGER #PROCESSING TYPEz ARRAY, CENTAJNING RECOGNIZEE  CGOO00&5S
¢ PROCESSING TYPES, CO00Q066
C CCo0G067
[ JPTYFE INPUT DESIRED PRGCESSING TYPE. c0neoses
C . CLO000ES
[ N fNCEX GE POSITIUN OF #JPTYPE2 IN #IPTYPE#. €Coon0070
[ ¢UeUn0TL
c ICuy #INSTRUMENT CHARACTERESTICS TC USE¥. NJMBER UF THE [.C. CCO00072
¢ SET TO BE USED. REFLECTS ThE PCSITION OF THE SET €N Ccanoo73
t - FILE CCCE 04. Co00Co74
c_ 0 INDICATES [.C. TO BE REAC FRCH CARDS (FC=051), CeO00a75
[ 499 MEANS USE THE LAST SET ON FILE O&. £CO0CC 6
[ CCO000TT
[ nCC #KUMBER OF CURRENT CHARACTERISTICS#. REFLECTS PCSITICN CCCOOCOTS
¢ FILE COCE 04. (Cecooyo
C . 00000080
c _ UNLC  __ #NUMBEF OF LAST CPARACTERISTICe, LSEC WHEN ICL=5%5. feeccosl
c NLL=0 INCICATES THIS VALUE 1S YET LNKNCWN. 000000482
¢ Coo00css
c RPAR #RACICMETER PARAMETERS#. 0000064
C SPAR zSLATERCMETER PARAMETERS#. ¢Co0oangs
¢ €0000086
c PAK £PARAMETERS# ARRAY CONTAINING UP TP 4 SETS OF RAGSCAT  CCO00O87T
TCTTTTTTTT T INSTR PARAHETERS READ FRCM FILE CCCE 04 OR 05. RAC CCOCCCHE
[ PARAMETERS COMPCSE THE FIRST 75 ENTRIES OF PAR AND SCAT Q000008Y
C PARAMETEKS OGCCUPY THE NEXT 85 ENTRIES IN EACH SUBSET. ¢coccogo
c THE APPROPRIATE SUBSET OF PARAMETERS 15 SELECTED GN THE 0000Q09)
c 8ASIS LF FREGUENCY AND FEED. conocngz
CoL . coecco93
c NFP #hNUMBLR GF FILES TO PROCESS# LSING THE PROCESSING TYPE 00000094
c GIVEN BY #JPTYYPE+ AND DESCRIPTICN IN #NAPSTe. cenoo0nys
c NEP IS IGNORED IF JTYPL = SPECIF, IF ICU = 0, 00000096
[ NEP IS SET TO . CCo000s7
[ €C00009Y
C NEAP sRUMBER GF FILES ALREALY PRUCESSED.# CGMPARED TQ sNFPe CCOCCOYY
c O CHECK FUR TERMINATE CUREITICh. CO0gaL100
¢ " CGOpOLoL

AEIGURE A-2. (a) LISTING 502F CONTROL SECTION



{Co003

£Cooo03
00003
coonna
(000G3
¢onoo2
(0o003
Co0003
(oono3
€o0o03
{coaos
ccooe?
00025
cooaz27
0008 3o
CCO04A0
€0on42
(00044
CO004S
000050

Ca00s3
GGOCTL
coonit
o014
aog iz

¢oolls
cooLL3
€001l4
CooLlS
000LLT
aoalzs

COOOOO OO OOOnAOCGARCOCoOONNCON OO a0t 0an

[xEkxixial

aao

[zRzkal

3%

40

500
18
4]

&0
*

LIPHOD  £LINE PHINTING PCDULUS#. LSEu TU HEULUCE UUTPUT
FRCP COPPLT ATION SECTiUx. Q 15 TARLa AS 1.

NEHKK #ANUMBER OF ERRORS#, NUMBER Ut TIMES LOMPUTATION SECEICN

RETURNEG CRROR CUNODITIUN.  NORR = 4 CAUSES ABORT.
EHRFLL ©BAC FILE EHRCR FLAG.

DIRECTIVE CARC LSAGE

PHROLESSENG FEANIHG T
TYPE .
ALk START FRCFM FIRST OF INPUT FILE ANG PRCCESS WITHOLT
REGARD TO LABEL INFURMATICN,. )

MISFLT CFECK LABEL ONLY FOUR CURRECT ¥ISSICN AND FLIGHT.

FLTLIN CHECK FCR CORRECT MISSION, ELIGHT, ANGC FLIGHT LINE.

SPECIF CHECK FCR MISSICNs FLIGHTs FLT- LINEs AND RUN.

PRINT  PRINT CUT VALUES OF INSTRUMENT CHARACTERISTICS.

PUNCH FRINT ANU PUNCH J.C.%5.

PUST MAY oF LSEL AS THE FIRST PRCCESSING TYPE. IF 50,
THE PRCGRAM WILL SPACE DUnN THE CUTPUT TAPE SEARCEING
FOR THE EnU OF REEL. POST. IS ILLEGAL EXLEPT Qb ThE
FIRST LIRECTIVE CARD. ,

CIRECTIVE CARD FORMAT.

JPTYPE M55 FLT LINE RUN LNPM ICJ hAFp¢

At 4% [y s 15 15 . I5 .15 _15
ALL * * * * 1 3 &
HIFLT 2C1 12 * * 5 3 2
FLTLIR 207 12 1 * 1Q 3 5
SPECIF 2€7 Lz L 2 1 3 i
PURLH ® = * * *_ 4 &
PRINT * * * * * 5 T
POST % * * * * * *

& INCECATES FIELD 15 IUNUREL BY PRGCGRAM.

DIMENSIUN hnP5T(4de LBLTBLI42300),, IEGR{2)+ RPAR(TS): SPAR(BS},

PAR{ L6040 IPTYPELG), IDAT(3}
ULHENSILN Labiy)
EulVALENCE (LBL(B),FREU),(LBLL{9}+FEEC}
FUJIVALERCE [IGAT(L), 101 ,CICAYI2)1D2),(1EATL{3) 1103)
LUSICAL ECR1s ERRFLG -
LATA 1fLR  /1OFENC UF REES1HL/ | ___ ... __
VaTh I[PTYPE/6HFLTLIN,;6HMISFLY j6HSPECIFy3HALL y SHPRINTy ShPUNCH/
CATA 1PUST/4HPOST/
LATA ECHI/ZJFALSEL/y RLCeNCC/0sE/+ NCFoNFF/1:0/7y NERR/OS
PEAIND L . A
REwW IND 4
KEADL(S,5CC0) JPTYPEy NnPST, LNPHOD,; [GUs NFP
IF(JPTYPL.NELLFCSTY GO TO 18
READ(2) LoL.L82
IFtLsl.hEL1E0HILY )} GO TO 40
IF{LB2.hEk. IECRI2}) GO TC 40
BACASPALE 2
Lt TO L
REALC2)
1ELEUE 2} 29y 40

READ LIRECTIVES
READ{D,500) JPYYPE, NWPST, LNPHODy ICUy NFP
FORHAT (At +4Xs TE5)
LELEUF 5] 37441
ARITE(Gru00] JETYPEs NRPSTy LNPMODs iCUr NFP

FORMATOLHD /710X, 1TH CONTREL CARO £S5
AbpaXT15)

WhAT PARNER TO PROCESS
M=zl ()131(}1}0}&13
MSTART=]) JP P
OF Poog gy, o2 38

1H(SPIYPL.Ed. IPTYPE(RIT WC TU 3 « ?Zﬁﬁ
FLARINTTY ARy

FIGURE A-2. (b) LISTING OF CONTROL SECTION
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cGooploz
eeeelon
0Gor0La4
ccangios
£eo00lGe

goooalrc!
coooaioy
caono109
€0000110
Leoogill
LoNOn0OLLEe
conogll3
coanolla
tcooolls
00000116
C0000117
ctoooils
£0c00olle
€00QeoLao
ccoonedl
cu000122
00000123
CO0CCLe4
coonoL12s
cooogLss
CooecL39
woONoV LAD
CCOGGLAL

coo0a126
03003127
oonnoiLze
c0000129
000030
ccocol3l
£oo00l132
caQaLas
£0000134

coauglL3s
ccoglie
(ccoeLsy
coonoLa2
cceocoly
Qoooools
€Coaco2o
caaoQn2l
ceoacoz2
C0000023
caonnnz4
£Gaoan2s
COnneule
ceccoo2y
00000143
C0000144
A0a0gL45
Coon0Llas
CG000147
0000148
00000249
Cageulse
(cocclisl
gooanisz
CCO00153
CeQ001n4
Coa00152
a5nnalse
cunno1sy
Co060154
0000159
CO000L 60
CL00Q1el
CCo00i62
Ce000Le3
CoooulLLs
(CGeO0L65
Co0haleo
Coooole?
CCOGOLob
£0000169
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C{o0Q1LT1



000126
000126
€00130
000133
000140
CoD140

000142

€00143
600144
000166
000171
C00213
000215
000217
acozez
¢o0235
30240
006255
€00277
C00302
000324
CD032¢6
COQ3 .20
000333
000346
€0035]
£00366

[Zh ]}
E

&1l0

by

o a0 0

&l

63

GQo3eT

cGo370
000373
$00375
QOQ3T7e

00400
(GG401L
000403
€00403
(004C5
Q00410

000412
000415
0004L7

Cao041l7
000421
000422
C0GC425S
aco43Q
000443
Q0453
000437
000437

g0044l
000456
000461
000443

Ca0406
goN&aeT
Q00515
£00515
CO051L7
000521
00544
000543
000543
€00572
C00574
00es 76
000601

00622,

c00624
000626
C00627

CO0&0L4
0Q0L64

000666
o060

ORIGINAL PAGR IS
OF POOR quALITY

-

“

10

[ 91
12
602
13

112

[aEaNal

603

5%

oU4

55

4303

*

FURSATELOA g 300 e llbl 26l PRULESS I N FghdlT)
LaLlL ABLRT{Z21Le)

TRINFFLLEL L] LU TU 59
nRITeloseld) REP

FORMAT U/ 7 LUK ¢NFP LT L*35XK %NFP 3 #,[5//)
LCALL ABLHT { 3rhiPr)

FIMND INSTRUMENT CHAR.

LFIICL.AE.O) GC TC &
READ FRUM CARLS
ILSET=0
REAU{(S5+4303) NUMBERSIDLy102)I03,RPARLI4RPERILZI RPARL3)
ARCECFy5) 12y €0
WRETELGYCO3) ICCET RLL {02, I03RPARIL) RPERLZ) 4 RPARIS)
L0 6L J=hsT5eTy .
Lzdee _ __
IFIC.GTZTEY L=15
READ (5243043 {RPARIK] yKmd,L)
IFLECF+5) 12, 61
BRITH{G+604) (HPARIK ) sK=0, L}
REA Sy 4303) NLFBER ,IDL 102, 1D3«SPARILY SPAR(Z) SPARLS}
TE{ELF5) 12y &2
aRITLIGve@3) ICHET2RUL IL2,1U3sSPARLL)+SPARIZ)SPARL)
DU b3 J=4 85,7
L=J+é&
THL.GT.&E) L=t5
REACI5143C8) (SPARIK) sRT L)
LF(ENFS) L2, &3
RRITL(G 1004} (SFARIK ) yKR=dyL)
NEP=}
Gu TO LS
IFLLLu—NLC) 941246
REW IND 4
nHiL=1l
FFLELUNELYYY) ST TU 10
FIND LAST SET ON FILE.

-

IFInLCLEwal) LG TO 7
1Cu=NLC

U TU &

NLC=NCC-¢

sEAL{%)

NLC=HLL+1

1F{EUF 14} 434+ b
LCU=hLC
LU Tu 5
PUSITIGN TO THE SET
NCL=nWCO+E
ud 11 I=nCLaICL
READLS)
FF{EJFs4) 12,11
CONTINUE
uvG TG 12
_wRITELG0021 . .
FCRMATILOA g 341G SUCH INSTRUMENT CHARACTERISTICS}
CLALL ARGRT{2HIC) . .
READ THEM
REACI4) ICSET,IL1,I02,E03,PAR
1F(EOF,4) 12,1t2
NCC=1CU+L
IH{N.LT.5) GO TO 15

WRITE [AND PUNCh} INST. CHAR.

DO 55 I=1+4%
wtl [ o +603) ICUL DLy 1025103+ PARIL ) ¢PARTIZ2¢I ) PAR{31]
FORMATL//4 SET*,159% DATE*3[5¢EL15.445X)810,EED.4)
DO 54 J=4y75:7
L=J+5
TE{L.GT.T5) L=15
ARITE(o:6041{FARIK L) sh=y,L])
_FURHATITELS.4) . - .
WRITE(GL03) ICUZICLsID24 1039 PAR{TE LIWFARLTT 1) 1PARLTE])
DO 52 J=T7%5loly?
L=J+o
1F(L.GT.160) L2160
R LTE 0004 {FARLIN S E) sK=deL)

e e JFLNNESO L 60 TC 4. o .

pu »7 I=14+4

LL=1

WRLTLL 43,4303} 1ICULI0L 4102 IU34PARI(L, 1) PARL2:1)+PARI3 1},
I1CUs ToLe,

FORMATI4IS5 10X, L1003 ¢AL0E QLT 12Xy E2411415)

LU0 56 J=a0 35,7

LL=LL+]
L=Jto

FIGURE A-2. (c) LISTING OF CONTROL SECTION

54

(ceeelie
onogLTs
ceoeglisa

ccorce s
00000176
coooQLTT
cooonolis
ceonolLTe
cCofoL80
0gp00lael
cCecoLye
gOchu183
CCo00lLlES
cooQ0lhs
cooo0lde
cCnaotyv
co0001BY
cco001489%
qnooo1vo
CCO0CLSE
cop0dls2
GCoooiys
ccocClsS4
ceona1ss
ccondive
00000157
(Cenolyd
coo00 199
Qcecoz200
canoo 2ol
cro0nlo2
0000263
CCQL02034
CGC002CS
0000206
cccogec?
o0pGoZCy
0uQuo20%s
o0 216
cGo0021ll

rapneldl2
00cn021ls
CGp0Gs 14
COnnoels
€Ccooozte
cougo2ly

SLeceezie

00000219
Cco00zzo

00000221
ccoog22z
co000z223
(C000224
€0000225
€c00C220
GC000227
£C0C02248
(000225
0000230
CC000231
00000232
CLO002Z3
€Co00234
Ceo00235
caoau2ls
€C000237
€e000238
0000023y
£CO0E220
00000241
€0000242
€0000243
C0000244
CO0Ug2as
00008246
€0000247
CO000248
00000249
£COU0250
00000251
CCoaQzs2
00000253


http:2I03,PARf1,I),PAR(2,I),PAR(3.1J
http:I-(NUf.ur.11

(00Li2 b6 AL TL 4344306 S FARER  E) aRwdy LTy [ Cuy LptlL congLse

Co071h> 4304 FORAAT{IELOL 392K L2011y 15) 000008255
Qo0TLS LL=LL#l €LOCCes56
ccovlr WRITE (4344303) JCURTCAT s PARI TG L e PARITT s LD PARI T Lk Caou0Ls7
* ICLe EglL conooezsy

000747 0 5T JdnTwsloCe? COu 25y
000751 LLeLL+] coo002e60
CO007E3 Lud+ conoo26l
co0755 57 WRITE (43,4304} PARIKy [} 4Kudpl)pliCUsLaLL 0000262
C0L002 14 ICU=[CU+] GQ000les
€01004 . _ NFAP=MNFAF+1 CEncc2o4
COLO0Y TEINFAP LT .NEP} GO TO 13 Goo00LeS
caLocT GU T § cO0002¢6
I €o000267

c FINO THE CATA RECORU. €oon0LLY

I CLuD026Y

001010 is IF{N.Eu.o} GO 1C 22 ceono27n
€oi012 1F(MMTART . CTLAFF} 6O TO 17 €eo0ao2il
¢ coo0p02712

[ SEE IF wE#4VE BEEN BY IT ALREALY. cconczts

¢ 0000274

001016 PU 16 w=METART WEF €0a00275
Co0L0L7 IF(NRPSTILI+ME.LBLTBLIL M1} GO TU Lé coo0g2Te
caloez IFINaPST(2) uNELLBLTBLI2,M])) GO TQ 1o CCo0o2eT?
00L0Zs IFINFL. 2t w0 TC 23 CCeo027y
to1027 IFLHnPSTI3) JNELLBLTBLI3 M)} LD TU 16 0000027%
£01032 [Fihery.l) GO TC 23 GG000280
001033 FF{NnPST U4} NELLBETBL (G40} GO TO- 16 ccecogzsl
01035 . L0 TO 23 00000282
colg3s 1Y) LONTIRUE €0000282
00L041 17 1F{EURL} GO TOU 19~ CCo00284
C {G0002ES

% L ESS IT®S FURTHER DOWN THE TAPE. 00000280

% LOON02E7

001043 B M=NFF+1 . 0000288
01045 IF(KLF.GT.NFF) GC TQ 24 cooouzs9
601050 20 Mi=M-1 00000290
001052 DU 27 1=hCFaMl 06000291
001054 26 REAL{L} c6000292
CoLa57 IF{EUF 1} 2T+ 26 ceooe2s3
00102 27 Cui TINUE CC00029%
601065 MF=K CCCCCRSS
Q0L06S 24 READ(L) LBL ¢00002$6
co1073 IF{LbLIL1)LNELFEGR(L}) GO TO 25 tcoonzy?
{olo7s FFILbL{2).hE-1ECR{2)) GC TO 25 0000293
col0i7 EURI=.TRUE. L €C000299
COLL00 19 IFINFAP.NELO) GC TO 35 coL00300
coLL01 e [TE(LyECE) _ . i ceaua3ol
0ol105 006 FORMAT (10X, 1$FAC SUCH CATA RECORD} L0000302
COL1O5 CALL ABORT (2HFE) €00Q03032
001107 25 nRITELws£CT) NFAP ¢0000304
CoL1LS 007  FORMAT(LOA¢I3¢32h FILES FOUND. CAN FINC AL HCRE.) QUOa0ses
CcGl115 LU TU 1 00000306
Golile .2 LBLTEL{L¢RCFI=LEL{L) ccoce3c?
col12l LBLTBLE{Z «DCFI=LBL{Z} 00000468
collz4 LBLTbL {3 +NCFI=LEL(E} CCong3u9
001126 LBLTuL L4 nCFI=LRL(T)} cG000310
col11.10 NEF=MAADIMFFsNCF } CCoo0sll
001153 IFIN.EG4) o TC 36 €0000512
001135 . LE{N«PST(1}.NE.LbLTSL(L,M}) GO TQ 22, CCO003ES
001140 [F{UWPST{2} HE.LBLTBL(2,M)) GO TO 22 G00003L4
COLll43 IFIN.Eu. 21 GC TE 3& 0000315
001144 IF{NWPST{Z).NE.LBLTBLI3 M)} GG TO 22 COQ003 106
coliey . 1f({N.Eu.l) LG 1C 36 cConoaL?
cO115Q IF(NnPST(4)aNE.LBLTBL{& (M)} GO TO 22 00000216
colls3 L0 TD 3o L. L. ¢00063LY
001153 2z M=Mal £0000320
001158 LL T 20 ccoceazi
00L1s5% 23 LFEM-NCF) 28+ 244 20 00000322
001160 28 REW IND 1 €0000323
00lle2 NCF=1 cCene3ze
oolies . _ _ Gu Tw 23 . B 00000325
[ FOUND IT. I125 THIS ONE. 0c000.326

001ib64 26 WRITE{o+608) LBLy, 1CSET, IDis ED2, I3 CCo00az2T
col2p2 608 FURMAT(LHLl,51X,17THCCAVERSICN REPORT, . CGO00328

* S/10A dHMISSICh=y 13+49H  FLIGHT=4 13,

* TH OATE—4213915,2Xs1lH FLT LINE-,1Xs [5s6H RUN-,13,  CCOCO330
e . % ___ _ 12H FREWUENCY=pFS5. 1y T FEEC=¢2XeAb s 00000331

* 6k 1PAR=,12,3[3/2/1/) 0000332

001202 IF{ICU.[L.0) GO TO 33 ' 00000333
¢ GET COKRECT INST. CHAR. LCO0Ca34

€01203 U0 29 K=l.4 00000335
CoLr2ecs [FLABSEFHEC=PIR{S K1 /1.0 E9Y.6T.1.0) CO FU 29 CONQ0336
o1l TF{ELED.CuaPARLZ,K) )} GO TG 30 CCO00337
00L221 29 CCNTINUE (AR LY
001223 WRITEELLEYS) FREY, FEED 0000033y

FIGURE A-2. (d) LISTING OF CONTROL SECTION
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http:IFIICU.[.0I
http:FEEC-,2X.Ab
http:LINE-,.Xt
http:IFINFAP.NE.0I
http:IF(tt.Ij

C0L1233 (31
01233

001245 30
coizsy 31
goL24o

001247 32

GOi25e N

Q0La5¢
aolLlce
€oL3u3
ColicCe
€Q1337
001311
Gol3ts
QoL3LY
aol3z21

goliz2
001344
001525
001327

CGl330 3l
0013452
0013546 700
001346
CC13:0

FIGURE A-2, (e} LISTING OF CONTROL SECTION

FORMAT (1Q0xsLTKRU SUCH FREU~FEED,FLO.Ys LA+ 210}
CALL ABURT {2HFF ]
CO 31 I=1l.75>
RPARULI=PARCT o1}
U 32 I=1.¢5
SPAR(I J=PARI(1+75,4K}
CALL CUMPUTATION SFCTION.
ERRFLG=FALSE .
LABEL QUTPUT TAPE
WRITF(Z2) LEL
ak 1TE{2) ICS5cTy 101, IDey ED3y RPERy SPAR
CALL SEARCHUSPAR,RP AR, LAPMUDERRFLG}
CALL EhDEZ2
NLE=NCF+)
IF{FRRFLG) NERR=NERR+1
{r{nNkkkaGT.3) CALL ABCRT{2HER]
M=M+1
MS5TART=M
MURE FILES TO PROCESS
TF{N.Ey.3} w0 TC L
NFAP=NFAP+]
IFINFAPL.GELNFFY LC TO )
G TU 1o

TERMINATIONS .
wkiTEL2] IECRy (141=3,9)
nRITELae I00)

FORMAT (LML s /7701042 LOLLH# )y LUANORMAL TERMINATION, 10{1H*})

s¥ae
ENC

56

o004y
cO000341
GO0w0 34
0000034,
60003494
000345
(eNoC3ad
ocoun34a
GnoNGl4d
CCOLBAAY
cOQocashy
peGos51
00000352
(LCGC353
GeON0354
gooou3sbs
GO00035¢
co00a3b1
Qo0a0358
Q000359
gooon3Le
CO0C03ElL
annanaie
CCOGC3E3
Q0000364
CCOOOQ3ES

cuenGosbLe
00006367



C. Peripheral Requirements

UNIT 01 RADSCAT Raw Data Tape
UNTT 02 Output Tape

UNIT 04 ' Characteristics Tape

UNIT 05 Card Reader

UNIT 06 Printer

UNIT 08 Scratch Unit (Perfeiably Disc)
UNIT 43 Punch

IV. SUBROUTINES

A, Subroutine Search

T, Theory and Design

This routine serves os an entry and exif point for the selected file. One of
its primary purposes is to find calibration data of both kinds. It anticipates that
both NORMAL and BASELINE calibrations are in the opening records of the file,
If this is the case the processing of the remainder of the file is given to CRUNCH.
Otherwise, a search for the missing calibrations is conducted deeper into the file,
The bypassed files are stored on a scratch unit (08) for subsequent processing. When
both types of calibrations are found, the bypassed records on file code 08 are processed
by CRUNCH and the remainder of the records on file code 01 are also.

If the return from CRUNCH is without an error flag, conirol is simply returned
to the Control Section. If not, an error message is given and the remaind er of the file
bypassed before returning.

See Figure A-3 for a descriptive logic diagram of SEARCH.

2. Program Llisting and Variables
The listing for SEARCH is shown in Figure A-4{a) and A~4{(b). The
definitions of the variables are given in Table A-1, The entries in DATA

were defined in Section III B.

—-—

Table A-1 Definition of Variable Used in SEARCH

DATA Vector Confaining Raw RADSCAT DATA
IDATA = Integer Equivalent of DATA

SCAL SCAT Calibration Ve ztor (Channels 1-4)
57
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(ENTER )

HRMIAL 2 ,
TERausaTION/ NO

MESSAGE

INITIALIZE
SCRATCH 6
URIT FLAG ¥
TOO RANY
' BAD RECORDS f
6
PRENT CONVERSION 8]
REPORT COLUMN '
| DENTIFIERS
6 (RETURH e CALL CRUNCH
o’ 0% UNITL
READ DATA SETFLAG
1 EFLAG
|

ELPTY FILE
WESSAGE
&

0
N CALL CRUNCH
ONURITS

FIRSTREC.
CALIB. DATA

REYIND B
SET SCRATCH
UNTFLAG

SEARCH 5088
LACRE AND PUT

BY-PASSER REZ,
oNuare

ERROR
MESSAGE AND
RECORD DUMP
6

SEFRCH FOR CALIB
- TATA AND PUT
=/ BY-PASS RECGFDT
ON UNIT 8

VHTHDRAY
CALIB DATA

ERICR

MESSAGEAND

> RECGRD DuNP

SET FILE -
w— ERHCR 1D o { RETURN )

iLIAG

DESCRIPTIVE LOGIC DIAGRAM FOR SEARCH

-

FIGURE A-3.
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SUBROUTINE SEARCHISPAR P ARy LNPHUD, Ef-LAG) 60000438

CSEARLH €AL1U SEAHCH RUUT INE CO000439
C SLOROLTINE SEARCHISPARsRPARLAFMCD EFLAGY €0N00440
N S . CLco0asl
o THIS PRCGRAM WAS PREPARED BY 00000442
c | €0000443
¢ .. JCHN P. CLAASSEN 00000444
C - GLEN E. ELLIOTT CCO0044S
c 00000446
—_—_—_ UNIVERS ITY UF KANSAS CENTER FOR RESEARCH CCO00447
¢ - 00000448
C ] 00000449
[ ThiS SUBROUTINE EXECUTES EATHY INTC THE CONTENTS OF THE C0080450
c : FILE AMC SEEKS CALIBRATIGN INFORMATION, BOTH NORFAL AND 00000451
C o BASELIME. THE PROGRAM ANTECIPATES THAT BUTH TYPES CF 60000452
& _CALIBRATICNS ARE PRESENT Ih THE INITIAL RECORDS. HOKEVERGGOOQ453
c whEY THIS AOT ThE CASE, THE FILE {S SEARCHED UNTIL BOTH CO000454
c 1YPES ARE FOUND. BY-PASSED RECURDS ARE STORED OM UNIT 8 00000455
c SLBSECLENT PROCESSING. €0000456
c €C000457
£00007 DIMELSION DATALSG). ICATAIS0), 00000458
. » SPAR(ES5)s WPARLTS5}y SCAL{4)y RCAL{Z) €0000459
€000¢7°""  TTTTT LCHMUN /LAPLT/ EGFL, DATA Q0000460
€Co0e7 CUUIVALENCE (CATA(L),ICATA{L)) £000C461
ccooeT? LUGICAL EFLAG, ECFl, EOFB 00000462
€coocT LGuILAL NGRMALs, BASE COCNO4£3
c 0000464
c_ REAL CATA RECORD FRCM TAPE UNIT L 00000465
c €0000456
tcoac? IPASS =0 00000467
00000 nRITE[6466) C6000468
CO0013 60 FORAAT(12F RECCRD NO.#, 13Xy THHESSACE ¢ 19X Lh% 5 204, 000004569
* LOHPARANETERS// /) 00006470
_000013_ ___CALL REAEL o B o . €0000471
TCo0014 LELEUFL) & TC 130 C000C4T2
¢ 00000473
c LHECK TE RECGRD IS CALIB DATA CCO00474
I £0000475
€Co020 10 LF (iDATA{4} .EC. O .CR. ICATA{4).EN.2} GO TD 50 00000476
TR e A i CG000477
< - PREPERE CiSC FOR BY-PASSEC RECORLS 00000478
c oL o . €0000479
606027 REWIND & €0000480
€o0031 IPASS=1 €€CC0481
c Y 00000442
¢ ERRUR MESSAGE CGOCD463
. J =2 Lo 00000484
cdoos2 WRITECG, 263 "ICATA (4} CCCGC0485
600040 20 FORMAT{OAs1HS 5% 2THFILE STRUCTURE INCGMPATISLE, 7X,LlH*,5X, 00000486
= 33HFIRST RECORD NOT CALIERATIGN CATA,SX, 6HMODE= ,13/)  COO0Q4E7
600040 WRITE(6.120) CATA . CeOC0438
C 06000489
o € SEARCH FOR_CALIBRATICN RECORD (eC00490
- G0000491
€00046 20 WRITE{8) CATA . C0000452
€Q0053 35 CALL REAGL 00000453
€00054 IFLEOFL) GO TC 100 00000454
c 00000455 “%
- c CHECK_IF CALIB DATA |  _ _ 00000456
C €0000457 C‘g’?
600060 «0 If (ICATAL4) .ME. O .AND. IDATA(4).NE.2) GC TQ 30 £Co00458
600067 50 .{COUNT=0 0CON0459 &EV
€C0070 IL=0 00000500 .Y AY
. c 00000501%}
. .C ____.__ WITHGRAm, CALIBRATION INFORMATVICH CCCO0502 «
b C000050
00071 NORMAL = .FALSE. 050005
co8072 BASE = JFALSF. 000005 gy
€00073 63 CALL CALIELSCAL, HCAL s RPARyNORHAL s BASE } 00005y
coo0T I 1F (.NUT. NGRMAL .ANU. .NOT. BASE} GU TO 35 o0008by
€001C4 __ . _IF (.NOT, NCRFAL) GO TO L&D L. . CC00056
000106 IF («NOT. BASE) GC TO 18O 00000509
cooLe7 TFEIPASS .FC.0) CC TU 70 CCCGO510
000110 ENUFI LE ¢
coois2 REWIND 8 €0000511
000114 CALL CRUMCH{ULATAs IDATA, 1Ly ECCUNTySCAL yRCAL 00000512
- - L. _.E _SHFARyRP LRy LNFMOL , EFLALy EOF3 ) €G000513
000131 To  TFLEDFLY ¢O TL EO 00000514
€00135 CALL CRUNUHIEL yCATA, ICATAs ILy ICOUNHT + SCAL fRCAL,y €0000515
SPARRP AR s LNPHUD EFLAG, EUEL ) €00005 16
000152 IFLEFLAG) GO 10 190
c 0000517
- — €. ... .. NCRMAL TERNMIAATION MESSAGE CCO00:LY
c €Coaoy 1y
C00l56 uo WRITE (¢+50) ILs ICOUNT CouC0520

FIGURE A-4. (o} SOURCE LISTING FOR SUBROUTINE SEARCH
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http:IDATA(4).E.23

000166 4G FURMAT {I1C 9%y 1F242X,36HCCMPLETED CCHMPALTATIUNS FUR THIS FILE,
% 1Xg 2y 5% LGHTHERE wWEREs Iy
* 26k HARNING FLAGS GENERATED)
Co0l64 RETURN
c
c ERRCR MESSAGE
o .
000167 100 WRITE (641400
000173 110 FURMAT (11XelH%,5X¢2THFILE STRUCTURE INCGMPATIBLE,7X¢lh%¢5Xy
* 25FUNAGLE TU FIND CALIU BATA)
000173 wRITE(6,120) CATA
060201 c120 FORMAT (/1O (50227)7)
g ABURT FILE AbU SEEA NEXT INSTRUCTILN
conzol EFLAL=.TRLE.
00204 RETURN
N0oz0s 130  WRITE(&+1401
00211t 140  FOMMATLLIK EMPTY FILE)
000211 LFLAG= . TRLE.
co0214 RETURN .
[
c SLARCH FOR MISSING CALIB CATA
c
¢a0 215 150  wRITEL(8) CATA
000222 1o  CALL READL
cooz23 IF{BUFL) GC TC 100
ooqz27 165 IE (ILAT2{4) .ME. O) GO TO 150
00230 GU Tu &5 .
00231 170 wRITE (d) GATA
000236 130  CALL REACI
000237 IF{EUFL) ud TC 100
C00Z43 185 If LICATA(4) LMNEL 23 GO TC 170
000245 60 T o
€00246 190 WRITE{6 1551} .
000252 155 FURNMAT(//7/711A+1n% 5 X, 2dBEXCESSIVE NO. OF BAD RECORDS:6Xy 1H#)
o252 1FLEUFL) RETURB
000257 200  «EAD{Ll)
c00z62 IF{EUFyl) 250,2G0
ceoQzio £50 RETuUKN
c0c271 END
ORIGINV A
OF Pog_FAGE Iy

FIGURE A-4. (b) SOURCE LISTING FOR SUBROUTINE SEARCH

60

co0oN0521
(6Q00522
0000523
CQon0525
anogoLee
coo0Gs27
c0ooos28e
00000529
000030530
00000531
CGoo0s32
cO000543
C0000534
00004535
€c000536
00000537
cQQoes3s
00000539
€oge0540
Co000541
co000c42
€0000543
CoOnN0s44
00006545
ccoocC546
CeO00547
CO0Q0548
Co000549
£oGeCc0s50
00000551
(Laccss2
Co00C553
C0000s54
00000555

GO000556



{Continued)
Table A-1 Definition of Varigble Used in SEARCH entries in DATA

RCAL = RAD Calibrations (NORMAL, BASE)

EOQOFI = End of File for Unit 1

EQF8 = End of File for Unit 8

EFLAG = File Error Flag

IPASS = Flag for Data on Unit 8

NORMAL = Flag for Normal RAD Cals

BASE = Fiag for Baseline RAD Cals

ICOUNT = RADSCAT Performance Error Counter
IL = Record Counter

B. Subroutine CRUNCH

1. Theory and Design

The reduction algorithms are applied in or from subroutine CRUNCH, The
routine was designed to process RADSCAT data whether it consisted of radiometer
measurements (RAD only mode) or both scatterometer and rodiometer measurements
{(alternating angles, fixed angle, or short SCAT modes). In processing the records
on an independent basis, there is atacit assumption that coupling between
polarization is negligible. It was also necessory to equip the routine with the
ability to read records from file code ‘01 (raw data tape) or file code 08 (scratch
unit). A description of the internal operation of CRUNCH is shown in the logic
diagram of Figure A-5,

In the opening sfeps of CRUNCH the data record is exiracted
from the file and verified by an in-line routine. The first sixteen entives in the
data record are checked for type and magnitude. If an invalid entry is present, an
error message identifying the bad entry is given and a bad record counter is
incremented (NGR). If more than 10 bad records are encountered, an error flag (EFLAG)
is set and control is returned to SEARCH. If not, the next record in read (statement
100) and the process repeafed. If the record is valid, it‘is further examined to
determine if it is a calibration record. If it is, CALIB is called (statement 220) to

extract and average the calibrations. The next record is then read and the process
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( ENTER )

|
INITALEZE

BAD RECORD

< COUNTER

STAFUS
MESSAGE OF

LAST RECORD

GARBAGE REC.
MESSAGE
WITH DULP

:

INCRENEST
BAD RECGRD
COLNTER

MORE
THAH 18 BA
ORES 2

ND ’1@

[erwac - Thac

FIGURE A-5.

ORIGINAT, PAGE
OF POOR QUALHrIYS

fG |
¥
IRCRIVIENT
LINE ChIR,
TRAISLATE
ENTRY

CHICK
REC POL 1ND
?

ERROR
MESSAGE
6

{ NOTE. )
li=10R 3]

INITIALIZE
CHANL 1ND. AND
QUTPUT ARRAY

|
CHECK
RECY, TEMP.

HP-DATE
COdE

[
COMPUTE
LOOK ALGLES
UP-DATE COGE

COMVERT
RAD MEAS,

COMPLTE
DOPPLER

UM-DATE COOF

Y

SELECT
SCAT CHAM

UP-DATE C03E

CHECK RAMGE
GATE SETTI LG

UP-DATE COJE

CONVERY SCAT |

@

STATUS
MESSAGE
6

[

VIRITE QUTPUT
PARAMETERS
2

TRANSFER RAD
AND GTHER
PARAMETERS

TRANSFER SCAT
PARAMMERERS

.

INVERT
SCAT DATA
i

DESCRIPTIVE LOGIC DIAGRAM FOR

SUBROUTINE CRUNCH
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repeated. If it is not calibration data, the mode entry is translated and the SCAT
-and RAD receiver polarization are checked for agreement when the instrument is not
in the "RAD only" mode. If they disagree the record is declared invalid and treated
as a bad record.* If the measurement occurred in the "RAD only" mode or the
polarization agree, the record is then processed in the steps following and including
statement number 119, '

Initially the record counter is incremented, the SCAT channe! indicator
initialized and the output array cleared. CRUNCH then calls THERMO to compute
and check receiver temperatures. An interpretation code is updated after which
subroutine ANGLE is called. ANGLE computes the incident and cross—frack angles
and again the interpretational code is updated. Subroutine RCONV (radiometer
convert) is called to compute the antenna temperature. If no scatterometer data is
present, control advances fo statement 200 where the compufed results are
transferred to the output array. Otherwise when SCAT data is present, DOPCHK
is called to compute the doppler shift and set the doppler filter band index. The
inferpretational code is then updated.

In the following statements (up to number 170}, the maximum on=scale SCAT
measurement is selected from the four output channels (DATA(8) through DATA(T1)).
To select the appropriate channel output, the channels are fested for an output in
excess of a valug that would cause the output Fo saturate on the next higher
sensifivity channel. Note that channel 1 (DATA(8)) is least sensitive whereas
channel 4 (DATA (11}} is most sensitive. The selected measurement is stored in
DATA(8) after scaling it with some channel dependent parameters, If the SCAT
return fell below or cbove the channels, an interpretational flag is set in statements
between 170 and 175,

Following fhe channel selection, the range gate setting is compared with the
aircraft altitude. If the altitude is not within 300 feet of the range gate sefting, an
interpretation flag is set.

Subroutine SCONYVY (SCAT convert) is then called fo compute the normalized
input power. Once computed, the scatterometer measurement is inverted for antenna
pattern effects with an in—line statement (humber 190). The antenna inversion is

based on the notion of an equivalent pencil beam replacing the actual main beam

.;‘.
The implication is that the instrument didn't operate correctly.
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Computer simulations have shown that the method is extremely

_antenna patfern.
Briefly the equivalent beam-

accurate (errors < 0.1 dB) for narrow beam antennas.

width notign is based on the fact that the normalized input power

[¢6,) = ” P(G‘P)G'(G)dA

where
= normalized scuttering coefficient

= radar range to elemental area dA
= normalized anfenna patfern

= ¢lemental area
can be approximated by an algebraic expression through the following considerations

For narrow beam antenna

2 o ’ N 2
P(8,$) T (8) sing R 49 do
I(B) Jf R* (cos ')

oy

‘
where cos g'

is a prOJecffon factor, may be approximated by

~ O-O(Go) E.I .
[¢(6,) = m) jP (6, ¢) sinf d6 d¢

The integral may be computed numerically from a description of the antenna pattern

and equated to the effect produced by a pencil beam of width  6eq , i.e.,

2 . . 217 eq./?-’
”P (6,9)sin8 dodp = J J sin 6 do d¢

v Geo

£
T

4

IR
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Therefore the normalized scattering coefficient is given by

° a
w © eq

But note that R = h/cos B, so that

2
U.°(e°)= \4 aI (8,) h
" Qeq_ cos 8,

where h is the aircraft altitude. The entry Beq is computed by the engineering
routine  WIDTH described in Appendix E as well as Section IV F of the fext.
The scatterometfer and radiometer producis are then stored in the output
array and the output array is transferred to the output tape (unit 02).
The next data record is then read (statement 100) and the sequence of

evenis repeated., If an end of file is encountered on the input tape, conirol is

refurned to SEARCH.

2. Program Listing and Variables
The source listing for CRUNCH is shown in Figures A-6(a) through A-6(d).
The variablesemployed in CRUNCH are defined in Table A-2. Entires in SPAR

Table A=2  Definition of Variables Used in CRUNCH

DATA = Input Raw Data Vector

IDATA = Integer Equivalent of DATA

SPAR = SCAT Parameters

RPAR = RAD Parameter

SCAL = SCAT Calibration Vector (Channel 1 to 4)
RCAL = RAD Calibration Vector (Normal and Base)
VERI = Date Validation Parameters

IVERI = Integer Equivalent of VERI

EQOFIFC = End of File Indicater for FC 01

EFLAG = File Verification Indicator

IL = Record Count
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coo017

co00i7
C00017
co60LT
£o0017
€00017
00017
£00017
000017
co0017
C00017
CI0017
couo1?

000017
CoQOL?
C00017
ononiy

00QolLly
€o0020
000026

coo0027

000041
000042

CCO04
000055

00071
cooavz2

Qo106
cool07

oon123
000123
coolsl

co0l3l
000143
000Ll4a3
00014b
000152
Lol 1v) U

000154

SLTABUTENE CRUNCHELI CoUATAy EORTAS TL» [CCUNTSCAL 4 HLALY
X

CLHUNCH

12kl s e iura NN s N Eakal e ak N R o R ks R u R S A T R 0

SEAR HP IRy LNFHULL, EFLAG) EUFTFC }
LHUNCH

IF]1S PREGRAM WAS PREPAKEDL BY

JEHh P CLAASSEN
GLEN Eo ELLIUTT

_UNIVEFSITY UF KANSAS CENTER FGR RESEARCH

THE PRIMARY FUNCTION OF THIS ROUTEINE IS TO CUNVERT SCATTER-
GMETEER ANUC RACIGFETER CQUTPUT VGLTACES INTU THEIR RESPECTIVE

NMURMALIZEY INPUT PUWERS. THE CCNVERTED SCAT DATA IS
SLOSLLLENTLY IAVERTED FOR THE SCATTERIM: COEFFICIENT.
FRIFARY COMPUTATIONS ARE PERFORMEC 1N SUBROUTINE CRUMNCEH
WHICH CALLS A MUMBER OF 1HMPORTANT RCUTINES. FRUM CRUNCH

INTERNAL CALISRATION INFORMATION IS wITHURAWN FROH THE JATA

RELURCS ANC APPLIED TO SUBSEWJUENT FEASUREMENTS. ThHE VIEW

ANGLE 15 CCRRECTED FOR AIRCRAFT CRIEATATLIONL. A ~ARNTAG FLAG

coongssT
(coccsss
CCONas59
C00GO560
coanasel
(Cogche2
0GD0G563
co0000564
CO000505
€Caccs06
£0audseT
(C00Cse
Coouns569
(CeCCH70
00004Q571
056000572
00000573
CCO0A5T4
Copoes75
00000576
CCeoes?T

IS GIVEN wWHEN THE RCLL ANGLE CAUSES EXCESSIVE DEPULAR]ZATIUN.COOUOLTH

A FLAG 15 ALSC GENERATED wHEN THE DOPPLER SHIFT EXCEELDS
TrL UCPPLER FILTER BANOWIDTH. THERMISTER DATA IS
LhECKEG FCR REASUNABLE TEMPERATURES ANC TEMPERATURES OF
CHRITICAL CLMPUNENTS ARE WITHURAWN FOR SUBSEJUENT LSE Ih
COKVERTENG RACIOMETER MEASUREMENTS.

DIMENSICN DATZ(50)+ ICATALSOl, SPAR(8S}, RPAR(7S)s SCAL(4)s
%

RCAL({Z)s ARRAY(2Q)y IARRAY(Z0)s ALT(4}
DEMENSILN ICHG(3)
OIMENSIUN VERT(1542}y IVERI{15,2)
DIHERSICA wMAX([LS5), VMIN(191s 1VMAX(L5}s EVMINL15)
EQUIVALENCE (VMAALL bl WMAXLL 2o CVMINIL) EVMINILY)
BEWUEVALENCE (VERI{(Lsl) vHIN(LI)} s {VERI(Ls2) VMAX(L})
EQUIVALENCE {VERI{1s1)y1VERI(L,2))
EQUIVALENCE {ARRAYLLl)y JARRAY(1}}
LOGICLAL ECFILrC
CATA (EVMINII)eI=2460/1+0s05140:0/

o JLATA [1VMAXIL)y1=1y5)/3¢492¢651e1/

c
c

Lp0
Lol

[alaKy]

117
10>

(el ol ol

L1lg

OATA (VFENTI) 1=7700) g AVKAX(I}, [=7410174%0.0y 4%10.5/
DATA IVERL{LLy 1}y IVERL{LL;2}/0,1/

CCoo0s579
CCO0CS580
00000581
€on0as582
COGCCLED
paoeeses
0Qo0Co45
CGO0CH6L
CCOCCSET
CG0005868
ceocoss9
CGoaas90
CCo0Cssl
_ 00000592
0Qoo0593
CCoaos94
¢eocosss
00000596
€QCcCccs97
00000558

UATA {VAINCE) (I=12,14) AVMAKL LD, 1=12,14) /340,86, 10.5; 10.5, 10.5/CC000599

CATA IVERI(LESs1}y IVERILLS5¢2)/0s 3/
CATA ICHGS Lo 002/
CATA ALT/Z030.0, 5000.0y 10000.0s 200C0.0/

“"REAV IN AEXT RECORD ~— ~ ~
NGR=0 ) s
LFUIREAC{IFC)NELO} GO TG 230
I=12

X
FFUICATAL D) oLT. IVERI(I-1y 1}.0R.
ICATA{I}.GTLIVERI{I-L 2]} GO TO 115

I=le
IFLIOATALL} LT IVERI{I~Ly }a0RW_ _ _ ____ . -
ICATACI) «GT.IVERI(I=242)) GO TO 115
B0 L1E =247
IFLIGATALCT ) LT IVERI{I~1,1).0R.
ICATAIE) «GT.IVERILI-142)) GO YO 115
B 112 I=8,11
EF(UATALE) .LT.VERI(I-1,41).CR. o
CATALIJ.GTWVERILTI=1,2}) GO TO 115
00 113 I=E3.15
TR CCATAL LY LT SVERILT=141) .OR.
CATA(T).GT.VERI{I-142}) GD TC L1S
60 Tu 118
WRITE{G1R6) | e -
FCRMAT(//LLX+lF*;L1H BAD RECORDy 28Xy 1H*y SXrQHCOMPONENT 13,
12H IS wARBAGE.//)
WRITE{G+LLT) DATA
FURMAT{/10(2022/1/1})
NLR = NOR + 1
I {NuoR.LE.1D) GO TO 100
EFLAL = LTRUE,
GU Tu 230

BRANCH IF CALIB DATA
IF [IGATAL4) LEQ. O LOR. TUATALAZ}.EQ.Z) GO TO 220

TRANSLATC CERAFAIN. ENTRIES 1h FILE

FISURE A-6. (a) SOURCE LISTING FOR CRUNCH
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€CO00acC0
GLOgaenl
CGecCate
CCO00e03
coenaets
0g0cacas
CC000606
0000C6C7
¢oo006C8
00000609
CCo00e10
(C000all
0Q000cl12
00000e13
C0000614
CCOGCe15
ceconnels
CCe000617
coooasls
CODOCELS
Coonasz0
Coo0pe2l
(0000622
cCoOne23
G0000624
Co00aL25
CO000QER¢6
co000627
CO000e 28

C00GCe2Y
COGCas 30
Co0U0631
Q0000632
CQ000L33
000005634
CO000¢ 3y
Co000635
ccconeldy
co000s 48
Ca0uas 40
CoO000641L


http:IF(IREAC(IFC).NE.0I

00163

000165
Coo175
ooo2iz

000212

Coozls
coo217
000221
000224

Co0226

C00234
000236
000242
000245

_C00240

Goo252
cooz2e2

0002&4

canz2io

0002i5

GOQ30L
000304

GCo3l0

Co031L1
000314
600317
opo3az

Cco003L0
{CQ330

e XaXz R I T N o

L0000

(a2 N

119

120

[z N xlal

[a R4 ¥ o

OO0

o0 oo

oo Oa0On [z Ruls]

SO0 oo oa OO0

e Xal »1

g iRl

. =15
[? 133!}11q1§11 ]?1&(}
%E POOR QUALITY!

%*

FOATALS)=TEATELSI-]
JJR=FuATAL 4}
ICATAL4 = LCHLLEJKRA L]
A0aTAlo)=L-10aTA(G)

CHEGK FCR AGREEMENT IN RECEIVE PGL

IECIDATA(T ) «EUe IGATA(12) .OR.IUATALZ) . EC.0} GU TO 1LY
WRITE{6,1000) 1CATALTI, ILATA(L2}

FURMAT(//11Xs 1% ,31H RECELVE POLARIZATIONS DISAGREE,8Xylh# 53X,
GHSCAT REC=s13eEXsUHRAD REC=,13/7}

L0 ¥O 1035

0000642
C(C0GCatas
CoON0L4 4
0u000L45
CCO0GL4E
cooctua’?
0G00D064Y
0000649
c0000650
cedcossl
C0000652
Q0ODQEES
C0000654
C0000655

INITIALIZE CHANNEL INUICATOR FLAG AND CLEAR OUTPLT ARRAY.COOD0656

ICHAN=O
DO 120 121420
LARRAY([i=0
L= IL ¢ L
CHECK TEMFEFATURES CF CRITICAL ELEHENTS
CALL THERFC (GATA;IDATA,RPAR; Ly LNPHCE, IFLAG, IHARM)
FORM ERROR COCE PESSAGE FOR SCAT AND RAD
LARRAY{L2) = IwaRM
JJCOUNT = ICIURT + LWARM
TARRAYILZ2} = [ARRAY(121%*10 + IFLAG
ICOUNT=ICCUNT + IFLAG
COMPUTE LCCK ANGLES.
CALL ANGLE {DATA,SPAR1LsLNPMOGs FFLAGY
AMENG ERRCR CORE

ICOUNT=1CCUNT+]IFLAGLS 1O
TARRAY(L2) = IARRAY{LZ)*]100+IFLAG

TCTHVERT RACICMETER CATA

CALL RCCHY [DATA,IDATAsRPARRCALSILY
BRANCH [F RZ0 ONLY DATA

1F (10AaTA{3} .EC. Q) GO TO 200
CHECK DUPFLEFR

Call DCPCHK (CATAsSPARyTL,I8AND) LNFNMCD,IFLAG)
_AMEWD INDICATOR

FARRAYI12) = LARRAY(12)} *1lO+{FLAG
ICUUNT= ICCUNTA IFLAG

SELECT SCAT CHANNEL QUTPLT

00000657
Ca000658
Co000659
C0000660

00000661
co000EE2
Q0000663
CL0006ES
co0u0665
CON00666
Go000L6T
Co000668
¢00006069
CCo0067T0
¢o0V06TL
Co000672
66000673
CCO000674
poo0n0675S
CConQeTe
CCO0067T7Y
00000678
00000679
Coeaoes0
coQ006e81
(Go0g6B2
CO000683

£0000684
QCB09565
Co0N0666
cCo000687
£000068D
Co00068Y
0000690
Can00&91
Q0000692
Ccocles2
00000654
co0006%S
Co000696
00000697
aoo00648
C0000sSY
ooo0oio0
€Coogvolr

TH1S SECTION SELECTS THE MAXIMUM CN-SCALE SCAT CHANNEL QUTPUTOO0DOQT02

AND TRANSFCEMS IT 7O A NORMALIZED RECEIVER INPUT PCWER,
wHERE REACING FALLS CUTSIDE OF CYNAMIC RANGE OF ThE FCUR
CHAWNELSy THE BATA IS YET SELECTEG: HOnEVER, A FLAG
ACLUMPANIES THE VALULE. THE TRANSFCRMED VALUE IS FOULNC
IN CATAl8), "

INITIALIZE FLAG

IFLAL =0

DETERMINE WHAT CHANNEL MEASUREMENT FELL IN

IF (DATA (8) .CL. SPAR(2S)) GO TO L4
[F {DATA (9} .GE. SPAR(29}) GG TO LS50
ILF {DAVA (10).GE. SPARL29}) GO TO 160
LI (DATA {11l1«GE SPAR(29}} GO TU L30

DATA FELL SENEATH RANGE

DATA{11)sCATALL1L)+1.0 £-10
THLAG =]

APPLY SCALE FALTJRS

FIGURE A-6. (b)'SOURCE LISTING FOR CRUNCH
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anngaiea
Q0000704
cconcies
€000070s
ao000707
QG0QQ708
CCounIcy
00CQGT7LI0
Qo000 7TLL
caooQz 12
(CoQcyl3
Q0000714
€00007LS
000007 Lo
CCOCO LT
C0ono7is
Gooaarly
coRQnizo
Lozt
00000722
CConn72Z3
Co000T24
CC00QTLy
Gopuerze



[V EED
Co033¢
La0ass

000A3T

000344
Q00350
000351
onessl
600356
0003u7
ceo3sT
€00304

Goo3cs
€cc370
000371

CQO373
0Co410

Q00410
CC041L1
Q00414
o041

C00431
000432
CA0445

(00445
600450

000454

Co0457
CO0464
000466

000467
Qo051

00d511

000543
C00535
000537

000544
Co0bL4so
Co0547
030551
CG05¢2

Co0b02

1 PAGE 18
ORIGINAD PACE ©

oF P

00R QUAL

130

140

o000 000

10

160

[z XaNaXaNyl

1700

[y NaXe]

175.

1700

177

s}

180

fOEOna on

noao

L1800

[aRakyl

1490

[aEaXyl

oo

[n X ol 2]

200

UATE ()= LATA (1L)¥SPARLZLIZSLALTY)
Tehalizg
G TU 140

UATa | ELL ABOVE RANGE
IE (DATAL8) .GE- SPARCZT)) EFLAG=L

APPLY SCALE FACTORS

DATA (ul= LATA (b)RSPARIIB)/SCAL {1}
1CHANE]

GO TUO 170

LATA (uh= LATALS)*SPARLLDI/SCAL(2)

ICHAN=2

GO TO 170

DATA {G)= CATA(LOI*=SPAR(20}/SCALL3}
ICHAN=3

ENG SELECTEON OF SCAT CHAAMNEL.
AMIND ERROR INCICATGR

TARKAY (12) =[ARRAY{12) ¥ 10+ IFLAG"
ICOUNT =] CLUNT + FFLAC
IEUIFLALWNELL) GO TO 175

TF(HOD{I Ly LMFMED} B0} aRITE(6,1700) IL
FURMAT (1£45X, 20% 22HEXCEEDED BYNAMIC RANGE,loX,lH*)

LHECK RANGE GATE SETTING

IFLAG = O

IALT = ICATA(LlE)+L

CHFCK=AL T EALT)

[F{UATALSL) oLT. CHECK#300. «AND. DATA(41} GT. CHECK—300.!
GC TG 177

1FLAG -= |

nRITE(6,1760) ChECK,CATA(41)

FORMAT (B GebXy ZF% #32HNOT wiITHIN 300 FT. GF RANGE GATEs&Xslb%y

Say LLARANGE GATE=,F 7,09 5K 9HALTITUDES +F7.0}
[ARRAY(L2) = [AFRAY[122%10 + IFLAG,
FCLLlT=ECLUNT+IFLAC

CGHPLETE CLNVERSIOGN DOF SCAT LATA
CALL SLUNY [DATA, IDATAySPAR, 1BANDI

SCAT IhVERSEGN.

CCHPARE SCAT PCLARIZATIONS.

TaMT=I0ATA(G)
IREC=IDATA{T)
1FIIAMTLENLIRECY GC T{ 190

ERROG MESSAGE

1F{MOUL I Ly LMNFMCC).EQLD) nRITELS6,18002 TL, IXMT: IREC

FORMAT {1 5+5Xy 2F% p3THUNABLE TO HANDLE CROSS PULARILZED CATA,
LXy2H% 94X926HWILL ASSUME PULARIZEC UATAs 5X,
10HXHIT PUL.=y1295Xy LOHREC. PCL.=y12}

INVERT SC2T LCATA
vATALB) = 4.0%DATAIBIFDATAL4L}I*DATA{41)/(CC5(0.01T453253%
CATA{L4))%3.14159265%5PARTIXMT+321 =SPARLIREC+3Z) ¢
G.2%03204)
TRANSFER SCAT IAT PERICD
IND=EDATALD)

ARRAY (T D sSPAR [ IND+3}
IFLLIDATAL3 ) FC.1) ARRAY (7)=SPAR(LO)

TRANGFER SCAT LATA TO OUTPUT ARRAY

JARRAY{S} =ILATA (&)

TARRAY(a) =1DATA (T}

ARRAY (B} = CATA (8)

ARRAY{93 = 10.0%ALUGLO(DATA(S)]
GO TO 210

TRANSEER RAC CATA TL CuTPJT ARRAY
TARRAY(LZ2Zi=lALRAY (L2 ) %1000

FIGURE A~6. (c) SOURCE LISTING FOR CRUNCH
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ccoco2?
CoQNo7es
cLopoT 29
C00ouiI30
CCO0CT41
CGo00T3as
000e0732
(0000734
0000135
000G0 730
00000737
coco7aY
CLOO07329
conLoTARO
co00G241l
aeoooT 42
€CCOoC743
qoo0Q744
CCCLOaT45
ci000140
CCooGi47
Co00Q744
(CCGCL74Y
c0000750
coacaisl
cenao?se
GLOCe?53
0C000754
cLOCCiss
¢00a0756
€Qa000757
ceoaorss
cO000?59
¢00007640
CLeociel
no0Golae2

CGO00CTE3
Ce00G764
(CCOCT65

c0000767
ca0GL766
coo0a7ee
CO000770
Coa0071
L{CCGCTT2
o073
cCouooris
€gooavis
ceceoc77e
0000777
CCOOCT7Ty
€0000779
0o0Co760
CCoO00781
cooo07s2
ceooerysa
Co0a0vE
Cco0078s
caoNor8e
Ceeociur
Co0U0 e
CCCColny

Ccoonivo
CCcoQQivyy
{aoecrs2
06000793
[Re30]+ oy R-T
€00001I9s5
QCOCC iSe
00000797
0cocoT98
ogooc?se
Goooosng
CCoooyol
CoCua802
Cer0Quol
0o00gs04
CCCoouny
¢CO0UGdns
ccauoucy


http:IF(IUATA(3j.FC.1J
http:GATE,*F1.0,X,9HALTITUOE,.F7.01
http:IF(!FLAj.NE.13

€00565

k00567
Coos70
€0G572
000573
ag0575
(00570
CCO600
C00601

000503

Coost4

Q00643

G00643
00Go44
CCOs50
GOooY6
.Cao702
00703

<10 ARRAY (10)= CATZ (13)

¥ TRANSFER CTHER SELECTEU CATA

o0

i _ARRAY(LI=LATAIL}
JTARRAY(2)=TDATAL3)
ARPAY (31=LATALLY)
ARRAYLGY= DATALLS)
ARRAY(LL11=LATA{40)
ARRAY {lsl= CATAL41)

_ARRAY (Lal= LATA (47}
ARRAY (L1512 DATA (46}

WRITE TC OUTPUT TAPE

CALL WRITEZ2{ARRAY)

TINTERMECLIATE PRINT-DUT

oy Nal OO0

FF{MOD(IL, LNPFCDILEQ.O) WRITE(H,2000) 1L, ARRAY(10), ARRAY(3},
* IChAN s [EAND
2000 FORMATIIc:S5X+2H%% 4%, 29HCONPLETED RECCRD CCMPLTATIONS saXs2P%%,y
% 4XylaF ANTENNA TEMP=Fb.Lly2Xy LobSCATTERING COEF=3FEZ. b6y
* 2X 3 BHLHANNEL=,12,2X,94D0P BANLC=,13}
GG TO lag
220  CALL CALIZ({SCAL+RCALRPAR;NORMALyBASE)
TE(LNUTLECFIFE) GC TO 100
230 WRETE(G22C00) FLy ARRAY(LIO): ARRAY(H]+ ICHANy LBAND
_ _RETURN ___
"END

-

FIGURE A-6. (d) SOURCE LISTING FOR CRUNCH
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€CCcoscs
CCCo0BO9
€00C0310
000008 L1
CCoQouL2
0000681 3
Cooe0sL4
€00D0815
€CCCasle
00000817
€000048LE
cgoooosly
CCoCos2o
a0p00821
£eG005822
00000323
€0000824
00000825
€0000826
00000E27
CCCCOs28
Co000u29
€C000230
coo00331
€€COCH32
00000833
(C000834%
00000835
Ceoces3s
00000537



Table A~2 Definition of Varigbles Used in CRUNCH (Continued)

ICOUNT = . Number of Interpretational Flags
LNPMOD = Line Print Modulus

iFC = Unit Code Number (1 or 8)
NGR = Number of Bad Records

ALT = Range Gate Settings

CHECK = One of Gate Seftings

IXMT = Transmit Polarization Indicator
IREC = Receive Polarization Indicator
IND = " SCAT Integration Selector
ARRAY = Output Array

IARRAY = integer Equivalent

and RRAR are defined in Section III D; whereas, the eniries in ARRAY are defined
in Section III C,

C. Subroutine CALIB

1. Theory and Design

Subroutine CALIB extracts, averages and displays calibration parameters from
calibration records. CALIB was designed to anticipate calibration records in a format
generated by the RADSCAT instrument. Although additional flexibility is provided
so that baseline records, which are entered by hand, may be inserted in almost any
fashion. The baseline records may occur anywhere in the file except within a
group of four normal calibration records. In regards fo sequences of normal
calibrations, the subroutine will orient itself on a set of four by interrogating
whether the first normal calibration record causes SCAT outputs to saturate in
channels 2, 3and 4. This feature was embedded in the routine when it became
apparent that the RADSCAT instrument would occasionally drop calibrations on
the first few SCAT channels. A descriptive logic diagram for subroutine CALIB is
shown in Figure A-7,

The baseline (BCAL) and normal calibration counters are initialized upon
entry into the routine. Also the SCAT channel (CALI(I), 1 = 1,4) and RAD
accumulators(CALT(5), RCL) are cleared. If the type of cdl ibration record (normal
or baseline, see Section III B) is normal {(IDATA(4) =-0), processing is directed to
statements including and following 4. Otherwise, if it is a baseline record, it is

accumulated in RCL, the baseline counter is incremented, and the next record is

70



( [NTER }

( REIURY )
J

DISPLAY

CAL DATA
ERITIALLZE
CALIB SU
18 S SUM IN
AND COUNTIRS PREVIOUS
NORMAL CALS

: SETFLAG INCREVEIT
GOTANY ™N\_YES | &vESCaTcAts it
“OR“"’;L CALS T AvEa scas
RAD CALS
PICK UP
RAD CAL
SUM BASELING i YES
CALS A%D :
v SET FLAG NO ALL
INCREMENT | OF THER
COURTER AVE & SCALE ?
BASELINE DATA
b
READ DATA ANY BASELINE ST FICK UP
1 : NEXT SCAT CAL
NO

BASELINE

DATA
?

CALIB
FOR C!EAN?.'tL
. ONe

T

)

YES

BACKSPACE

O%E RECCR

D

READ DATA
1

PICK-UP
CHAN,GNE CAL

-

DRIGINAL PAGE IS

FIGURE A-7. DESCRIPTIVE LOGIC DIAGRAM
OF POOR QUALITY '

FOR SUBROUTINE CALIB
71



read. In statement 4 and the one following, the type of record is again determined.
If additional baselines records are present (IDATA(4) = 2), the above processing is
repeated; if it is normal calibration data, the record is examined to determine whether
the calibrafion indeed occurred on channel T (see DO loop terminating in statement
5). If not, the next record is read and the type is again defermined. Once the
program is aligned on the calibration for channel one, it extracts it in statement 7
and pulls the SCAT calibrations from the subsequent records for channels 2, 3 and 4
and the normal RAD calibration from the last SCAT calibration record (Channel 4).
The normal cal counter is incremented and the calibration accumulator update.,

The next record is read and the type defermined again. If it is a calibration
record the above steps are repeated. If nof (measurement record), the unblocking
routine READT is called to backspace a record (statement 10). The steps 11 through
60 determine what kinds of calibrations were present and how many. The accumulated
calibrations are averaged and scaled accordingly. The types of calibrations present
are reflecfed by setting the logical variables NORMAL and BASE to TRUE. The
calibration parameters are then prinfed and control is returned to the calling routine,

either SEARCH or CRUNCH.

2, Program Listing and Variables
The source listing for CALIB is shown in Figure A-8. The definitions of the

variables are listed in Table A-3.

3

Table A=3 Variables Used in CALIB

DATA = Input Raw Data Vector
IDATA = [nteger Equivalent of DATA
SCAL = SCAT Calibration Vector
RCAL = RAD Calibration Vector
RPAR = RAD Parameters

NORMAL = Normal Cal Indicator

BASE = Baseline Cal Indicator

BCAL = Baseline Cal Record Counter
CAL = Normal Cal Record Counter
RCAL = Baseline Cal Accumulator

CALT = : Nermal Cal Accumulator
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CaooLo
c00010
[coolo
Cgoolo
COOQLo

000910

canoll
coootiz

. 000132
€00014

€0001L7

cooo2l

£00023

€ogo2s
Looo02s
cauois

. CCcogas

000036
LGO0aT
Co0044

C00044
Q00045

€000%3

C00055
{C0056
000057
CO006 4
{00065
cooovrl
€00073

¢o0075
connile
coolLo2

laNelnlel [+ Xzl

[sEzis]

SUBROUT INE CAL TU{SCAL+RCAL 1 RPAF s NORMAL  dASL}

CLALLB CALEERATION SLEROUTINE

C

c Th13 FHCLRAM WAS PREPARED &Y

c

b JCHM P CLAASSEN

c GLEN E. ELLIOTT

¢

c UNIVERSITY OF KANSAS CENTER FCR RESEARLH
c

[ THUS SUBROUTINE EXTRACTS CALIGRATICN IKFORHATION FRON
c THE RADSCAT LATA FILE AND DISPLAYS IT.

o

COMMON /1INPUTS EOFL, CATA

tOLICAL NCRMAL, BASEs EOFL

UIMENSION OATA(50), ICATA(L), SCAL(L}, RCAL{1}, RPAR(1}
DIMIHSION CALL{E)y CALZ2UbL)

EQUIVALENCE (CATALLI ICATALL)E

INITIALIZE CAL COUNTERS

[z R a¥ul

BLAL=0.0
KCL=0.0
CAL=D.0

CLEAR CAL ACCUMULATORS

[z N =1x]

_DQ .]' L=1|5
1 CALLl1}=C.0

ERANCH WHEN NCT BASELINE

[Nl

4 IFUICATA(4) .NEL2) GO TO % |

T UTTEATRACT BASELTNE
3 RCL=RCL4CATALLY)
UPGATE ECAL CCURT

"BEAL=BCAL+L.0

e [aRa¥al [nXgXel

(ol £}

READ NEXT RECCRD

CALL READL .
LFCFOFLE GG TC Rl !/
4 IF{ICATAL&).EL.2) GO TC 3_

EXIT WHER WO MORE CAL DATA
IF{IDATAL4}.NEL.C) GO TC 10

CHECK If RECORG CCNTAINS CAL CN
FIRST SCAT CHANAEL

B0 o 1244
5 IF{DATA(I+T).LT.5.0} GO TO &
G0 TO 7

" FIR0 EIRST SCAT Cal

[} CaLL REAJL
EF{EUFL) 1144

. EXTRALT SCAT 1
7 CALZ{1)=CATALE)

EXTRACT REMAINDER OF CALS

[z R uXel [ R ekl

L0 8 1=2,4
CALL REACL
[F{EUFLl} GO-TO 11

15 IFUIDATAL4).NEWD) GO TO 4

-] CAL2ULY=LATACL+T)
LALZLS5)=CATALLS)

oo . GAL=CAL¥Y.0 .

ACCURULATE REPETITIVE CALS

[alg ]

U 9 I=145
9 CALLUI)=CALLU T} eCAL2ET)

GO 10 o
Cc '
¢ HEPUSITICN DATA RECORD

FIGURE A-8. (o) FORTRAN LISTING FOR CALIB
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[ IALI T
cooo08 39y
CQo0004G
ceongBal
00000842
cao0ou4a3
GUO00B44
caaoogad
00000846
coQCou4?
coonoe4s
GLonGasy
00000u5Y
CGOCCE51
00000&E52
(CO00Y53
c0000854
COCCCESS
€0D00456
C0O00DEST
coo00Bs8s
ccecocasy
00000860
coocnesl
cooopss2
000008E3
ceopQess
coon0B86es
€000G866
co000867
CeocoBes
coan0s8e9
000C0ET0
00000871
CcoocCB872
Co0oCuT3
coonLeTs
06009875
COCCCaT6
00000877
CooonL7E
00000879

goaoo8s0
[delslile}-1-3
ccoogss2
00000883
000CO0sES
CCO0OBoES
€0000886
oLCoCssT
GCo008s8
oboonasy
CcUoGCB90
coo00891
€0000892
0000893
0000CYy%4
GO0008ss
GCo004896
Co00Cas?
CO000bSH
CLOCLu99
0Qgcow00
CCQCcOsql
ooono902
COCGO903
cO0000904
CCCOLvos
00Qo090as
eCccado9oy
0aoc0998
060000909
0000910
CGOCGSLL
obooo912
Q000913
00000Y14
CCoCovlh
00000916
CoQ0QYyLY
C(2000yLE
Q0Do0Y1lYy
S00009 20
ceooovel
Co0CQ 22



c
Q00102 Lo
C
[
C
(0G1023 il
CoOLLL
C
C
C
000111k
C
C
C
CO0LLY | s
G00Ll20
CCO120
C
\ C
C
goolz22 13
C
C
G
000126
C
C
C
000122 14
co0l67 100
0001 &7 650
QonLid
(ﬁ{ﬂ}ﬂi
oF ?®

LK

CALL BCKSPY
CHECK FGR PRESENCE OF uASELINE CAL

IF(UCAL.LT.1.0) GC TO 12
BASE = .TRUE.

AVERAGE AND TRANSLATE BASELINE
KCAL(L)=(REL/E(ALI*RPAR(LgJ/RPAQ(ZOi

CHECK FCR PRESENCE OF NORMAL CAL
I{CAL.LT.1.0) GG TG 14
NCRMAL = . TRUE.
00 13 1=l¢4

AVERACE SCAT CaLs
SCALUTI=CALLCT}SCAL

ay ERACLE AND TRAWSLATE RAD CAL
RCAL(2)=(CALL(S5}/CALI*RPAR{LD)/RPAR{Z20Q)

C1SPLAY CAL CATA

WRITE (61000 (1,SCALLI)}s1=1s4)sRCALL2)s RCAL(L)s CAL, BCAL
FORNMAT (11X 0H+10X,16FCALIBRATION CATA.13XsLH¥s3X,

GU2Xe GHCHAN y 124 1H=3F 7.3}
/5 1Ke LP#% ¢5% ¢ SHRCAL=FT o34 2X 1 6HREASE= 1 F T 3y
T NCAL=,Fr6a0y SH MACAL= s Fb .0}

RETLRN

END

FIGURE A-8. (b) (continued)
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£00C0Y23
CLoao9es
(eonovey
E00009 20
(CGCCy27?
000004528
C5060Y29
cQQ00vio
0000931
(0000932
£COCOY33
(CO00554
600U0Y35
¢CCCOY30L
£0000537
CGO00y 38
QOouCs39
€C000940
CCO00941
COCCG942
C0000943
CC0A0944
£O000G45
£C006Y46
£0GR0947T
CeO0N9 4l
Co000a949

(CGCLs50

04000951
CGO00v52
Ccanaess
0aa0ss4a
co0nQ9ss
CC000956
0Q000359



D. Subroutine ANGLE

1. Introduction
This routine computes the incident angle and cross frack angle both of
which are required to define the beam position on the surface with respect fo the
aircraft flight vector. When roll or pitch becomes excessive, as the case may be,
so as to make the polarization difficult to interpret a flag is generated. Irrespective
of the flagged condition the data is reduced in the standard way. The theory by
which these angles are computed and the method by which the angles are applied to

determine the polarization break-up at the surface are described below.

2. Theory and Design

~

a. Incident and Cross=Track Angles = Suppose the aireraff is vectored along

the positive x axis of an unprimed coordinate system where the z axis corresponds fo
the local vertical. The orientation of the aircraft is represented in a primed
coordinate system where ¥ axis is located aliong the fore~aft axis of the aircraft,
They are related fo the unprimed sysfer;: by a drift angle o about the z axis, «
pitch angle 6p with respect to the x, y plane and a roll angle ¢ dbout the x' axis
(Figure A-9}.*

The antenna points at an angle 6, with respect to the -z' axis. g is
assumed fo be corrected for the relative angle between aircraft and antennea platforms.
The frue incident angle 6 on the ground is desired. The incident angle may be

derived from relation

*

— -—

cos 8 = - XL, 4, (1)

where T is a unit vector in the boresight direction. Also of interest is the cross
tfrack angle ¢c measured in the x,y plane with respect to the =x axis as shown in

Figure A=10. Clearly we have

tan ¢ = T @)

* +
It should be noted that these definitions of roll, pitch and drift coincide with those
provided by the Litton Navigator LTN-51.
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>
TOP VIEW KCSS

¥
\’f

Figure A~10. Geometry Defining the Cross-
Track Angle.

Now in the primed coordinate system the boresight daxis is described by

T, = - sin 9, T, ~ cos 6, T (3)
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The primed and unprimed coordinate systems are related by the following successive

transformation

!

,

~t

% €*
r - - )
4y = ABC Ay :
Ty <,
where
t o °
A = Q £0S ¢P‘ stn ¢i’
°© - sin ¢, cos @,
cos GP o SLT QP
B = o i o
- sim Op o cos 6p
cos ¢ sim ¢y o
¢ = -sinpy  cos ¢, o
o O t
Substitution of (3) and (4) into (1) yields
cos 6 = Sinb, sin®, + €os &, cos BarcOSs ¢, 5)

which reduces fo the expected result when ¢ =0, namely, cos (Gp +8 )

When the drift angle is considered zero, asimilar approach will yield

St ¢, ¢cos &,
5in8, ¢os Oy~ Sinby cosd, c:o«:.qiw_(é
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=0, it is clear from Figure A-11 that the correction for d)cl is simply

When ¢d
given by

P (by=0) = = [ ¢~ ¢ (¢;=0)] )

or
P lPy=0d=-¢, + ®)
™! sin ¢, cos 64 ]
an Sin 6, cos8p ~ 5ind, cO56, cOS $,
_ =77 Py
X D
et
@d// A ~ —
- ~ P¢ (@ ¢=0)
~
~
~
~
~
~

y
Figure A-11. Cross-Track Angle Correction for Drift,
Equations 5 and 8 thus define the beam position on the sea with respect to

the aircraff trajectory.
b. Polarization Decomposition = When the aireraft pitches and rolls, the

incident polarization can decompose into vertically and horizontally polarized
components, When the unwanfed component becomes excessive, the measurement
becomes difficult to interpret; and, consequently, the reduced data should be flagged.*
To determine the size of the undesired component, the degree of " de—polarization”

is computed from considerations similar to those above .
l’ *

. .
Correction for this situation is possible when polarized measurements are considered
jointly,

78



Without loss of generality we may assume that the aircraft is vectored along
the —x axis with zero driff. It is pifched at an angle of 0  with respect to the —x
axis and a positive roll of ¢, s induced about the =x’ cxiE. The x,y plane forms
the local horizontal and the z axis is pointed at nadir. See Figure A-12.

The antenna is boresighted in the x*, z' plane with an angle 6 from the 2’

axis. The vertical polarization emitted by the antenna is described by

t, = cos 8, 4, = Stn 6, < 2z (©)
along the boresight axis. The horizontal surface polarization at the boresight point

is described os

Ty = - sin P, T, T <05 % EH (10)

where §.  corresponds fo the cross-track angle for the zero drift.condition. Now
the percent power de=polarization is approximately given by 100 ,1_8].-% ]2 for

poinis illuminated by the main beam.

- X

Figure A=12. "Depolarization” Geometry.
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Now the transformation between the coordinates is given by

]

E ] 0 0 cos 8, 0 sin 8,

x

Ty} = | 0 cosd -sing, | 0 | 0 Ty

Xy 0 s ¢, cosé, -sinp 0 cosép Xz
(i1

or __

T\ '/ cos 8, 0 sin 0p x

z ¥ =| sing_stn 8 cosp, ~-sm ¢, co58, zy

Zz' -cos ¢, sin Oy sin Py cos ¢, <OS 0p zz
(12}

With the help of (12) we may thus write

~ —

[Ty Ty ] = | sin ¢, (cos 8, cos & + sin §, cos ¢ 8in 85)

)
p . 13
+ ¢cos¢ sing, sin ¢, | {13)
Now a suitable criterion for excessive polarization may be formed by requiring
that
- - 2
1‘*9"“@‘ < € (14)

where 0< €< <1, However, when the aircrafi roll becomes excessive so that
lfg"zq, 12 > 0.5 the interpretation of the incident polarization should
be reversed from that defined by the instrument. Under this circumstance the

polarization criterion should be written as

l.-]rc,-?i@g <€ 15)
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where 0< € << 1. This latter criterion should be useful when RADSCAT
observations are conducted from an aircraft in a roll {(blank ) attitude.
From Section IV.B.T we noted thaf for zero drift
sun ¢, <COs 6,

Sin 6, cos 6, + Sin 8p cos 8, cos P,

tam ¢ = (16)
The drift angle does not influence the polarization decomposition as a little
thought will substantiate. This is forfunate since drift angle is not well defined
in a roll maneuver. As a consequence the criterion is now formed on the basis of
measured and computed parameters.
Relationships (13), (14), (15) and (16) establish the depolarization parameters

and the polarizal‘ion reversal criterion.

3. Program Listing and Variables
The FORTRAN listing for ANGLE is shown in Figure A=13. The comment
statements are sufficient to establish the logic of the program. The variables defined

in Table A-4should be helpful.

Table A=4 Definition of Variables in Subroutine ANGLE

DATA = Input Raw Data Vector
SPAR = SCAT Paramefers
IL = " Record Count
LNPMOD = "Line Print Modulus
IFLAG = Excessive Depolarization and Reversal Flag
DEGRAD = Degress fo Radians Conversion Factor
ANTA = Antenna Angle
PITCH = Aircraft Pitch
DRIFT = Aircraft Drifr
ROLL = Aircraft Roll
THETA = Incident Angle
ARG1,ARGZ = Intermediate Storage
PHI = Cross—track Angle
DEPOL = Depolarization Factor
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GINAL PAG
Of POOR QUAL?T?

SUBKDUTINE ARGLE {DATA,SPAR ILLAFFCL, LFLAG)

CANGLE COHPUTE IACIBENCE ANULE
¢ SUBROUT INE ANGLE (DATA,SPARLLsLAPFOUs 1ELAG)
C
[ THIS FRCGRAM hAS PREPARED BY
C
¢ JOHR Pa CLAASSEN
c GLEMN E. ELL1OTT
c
[ UNIVERSITY OF KANSAS_CENTER_FCR RESEARCH
c .
c TH1S ROUT INE GCOMPUTES THE INGIDENT ANGLE THETA FROK AIRCRAFT
[ AND ADTENMA PARAMETERS. CORRECTION IS MADE FUR THE RELATLVE
c ANGLE BETWEEM THE AIRCRAFT AND ANTEMNA PLATEURM.
c THE BORES1GhT CROSS—-TRACK ANGLE PHI LS ALSO COMPUTEU.
¢ WHEN THE RCLL CR PITCh ANGLE BECCMES EXCESSIVE, AS THE CASE
c “ MAY BE, SO A5 TO MAKE YHE RETURN CR EMISSION POLARIZATIGA
c DIFFICULT TC INTERPRET, A FLAG IS GENERATED.
C
tonolo DIMENSICN DATA{L), SPAR(L)
¢
c L _ _LEGREE-RACIAN CCNVERSION FACTOR. __ __  _
o I
L0010 UATA DEGRAG/O.0L174532525/7 ..
¢
c INITLALIZE FLAG - R
c - .
geoelo LELAG=0 o .
c -
c AVERAGE SCAT AND RAL ANGLES
c
Co0g Lo DATA(L4}=(CATA(L4)+DATA{L5})/2.0
c
c . ... CONVERT TO DEGREES ___ _ _ ..
c
[]]s ] DATA(L4)=CATA(14)%SPAR{30)
[
c COMPENSATE FOR ANTENNA PITCH RELATIVE TO AIRCRAFT
C . ..
€000l5 . CATA{l4)=LATALL4)+SPARIBLY . _ __ __ ..
R - ~GONVEET TO RACIANS .
¢ e e e
Con017 ANTA= LATALLl4 )%CEGRAD T
coooz1 F1TCH=DATA (43 Y*EEGRAD -
ccooz2 DRIFT=0ATE (44 ) «CECRAD T
cOno 24 ROLL =(ATZ1{45%)%*LEGRAD e o
[ —
c COMPUTE INCIDEMT ANGLE T T
[
€00025 FHETA = SIN(ANTAISSIN(PITCHI+COS {PITCHI*COS{ANTA)I®COS (ROLL }
C0G043 THETA = ACCS(THETA) . »
I B = e T
- c 7 CONVEFT 1O DEGREES. R
P .
00046 DATA{14)=ThEY A/CEGRAD L LT T
c
c COMPLTE CROSS TRACK ANGLE I oo
c o _ .
€0p052 ARGI=SIN{ROLL)}*COSIANTA} "
L LEY AKG2=5TH{ANTA J*CGS P ITCHI-SINIPETCH)#COS (ANTA}*COS (ROLL}
€00075 IF [ABS[ARGZ) .LT. l1.E-07) GO TO 30 ]
C00104 EF(AB5LARGL).LT,L.0E~-07) GO TO 10
CQolCcT PHI=ATANZ{ARGL ARG2} N
000LL2 . GU 040 _ . __ _ . a
000115 10 PHI=0. 7
000116 LHARGZ LT .0.0) PHI=3,14159265 )
gopLdl GO TU 40

00gl22 30 PHI=SIGN(L.5T079633,4RG1)
Cool25 40 DATACLS) =PHI/DEGKAD—DAT Al44)

——- ¢ s a e o o cmnrerr s oo
C COMPUTE ThE DEPULARIZATICN
C - .

CooLio DEPJLe SIN(PHIMS
. * .. . LCOSUANTA)*COS(PITCHI¢SINIANTAY*COS{ROLLI*SIN(PITCH) 1+
c % .. UGS{PHI)*SIN(ANTA}*SIN(ROLL)

. c - T CHECK FCH POLARIZATION REVERSALS, T
c

000162 DEPOL = DEPOL®DEPOL

anoLeld TFIVEPUL.GT.0.500) GO TG 50

oooL72 GU TU 60

cogLi2 50 DLPUL = 1.0 ~ DEPQOL
[
4 LA REVLRSAL

FIGURE A-15. (a) FORTRAN LISTING FOR SUBROUTINE ANG LE
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Q0001194
CCO0LLSh
00001196
are01197
Gooollsa
00001199
0001200
GooG1e0l
00001202
00001203
QGo0l204
0000 120>
uQo01206
000012¢7
oooglLecs
aconLzee
00001210
00001211
0oo0izl2
ogoclzli
0000L214
Quaal21s
oaovlzle
Qoo01z217
00001218
00001219
00001220
00001221
ccoo1222
00001223
00001224
00001225
00001226
o0o00lz227
00001224
00001229
00001230
00001231
00001232
60001233
00001234

_ 00001235

00001236
00001237
00001238
0Qool1239
Q0001240
00aa1241
00001242
00001243
00001244
00001245
00001246
LGOGL247
00001248
00001249
000CL250
o0eoL2sl
00001252
coonL2s3
00001254
00001255
0CECL256
00001257
000VE258
Q0001259
Ccocizao
00001261
0060262
000012¢3
00005264
00001265
00001260
00001267
00001268
GOO0GL26%
0001270
00001271
QU0DL2Te
00001273
C00012Y4
oQoRLaTs
0000127¢
oonnL2TY
Co00L2Ta



CoD174
000210
¢oo2 10

coozll
Gonzls
000215

Q0216
000245

000235
000237
CON24«0

FIGURE A-13. (5) FORTRAN LISTING FOR SUBROUTINE ANGLE

[xEalyl

200

ol
0

700

TFIMULITLs LAPFCD) «EWeOl hRITE{by 5001}
FORMAT(Lbe5Xs 2HE 2Z1HPULARIZATION REVERSAL ¢1TXL1H%}

IFLAL=1

"FLAG EXCESSIVE CEPOL.

IF{BEPOL.GT.0.02) GO TO 7D
KET Uk
LFLAG=IFLAG#1D

IF(HUULILY LAPPLC ) 4 EQe0) WRITE(G, 700} (L,
FORMAT (L CobXAy 2F% 24NMEXCESSIVE DEPOLAR[ZATICN,, 1GX,LH%,

END

SXy6HDEPLL=yFT.3)
CATA{Aa0}=LLPOL
RETURN
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0000279
Q000120
00001261
gQlecizez
GO00OLZ2ZB3
00001284
0001245
NGCcol2a6
QQo00L2eT
Q0001280
Cao00L2Ey
000QL290
0d0u1291
Cooalze2
caoglass
00001c%4



E. Subroutine THERMO

Temperatures within the RADSCAT microwave cssembly are monitored at
various points, Certain of these temperatures are essential to the reduction of the
radiometer data. All of the temperatures should be checked to deiermine whether
the instrument is operating within ifs remperarure limits,

The temperatures are monitored by means of thermistors. Above 283° the
thermistor output voltages are linearly proportional to temperature. This routine
converts the recarded thermistor voltages, DATA(17) through DATA(33), to degrees
Kelvin by using linear conversion constants, RPAR(23) through RPAR(56). Once
converted the computed temperatures are examined to see that they appear in the
operating temperature range specified by RPAR(21) and RPAR (22). Those that fall
outside this range are flagged with a message in the Conversion Report. A flag is
also generated in the S/R validation code appearing in the output files. Routinely
the temperatures critical to the conversion of radiometer data are reported by this

routine.
The dbove steps are reflected in the FORTRAN listing for THERMO shown
in Figure A-14, The varidbles employed in the routine are defined in Table A-5.

Table A-5 Definition of Variables Used in THERMO

DATA = Row Data Vector

IDATA = Integer Equivalent of DATA

RPAR =, P : 'Rcdidmefer Parame;fers

IL e "\ , Record Number

LNPMOD = Line Print Modulus

IFLAG = Abnormal Receiver Temperature Flag
IWARM = Worm Load Temperature Estimate Flag

F. Subroutine RCONYV

1. Introduction ‘
This routine converts the radiometer output voltage into an antenna (input)
temperature. Radiometer baseline calibration RCAL(1) and normal calibrations
RCAL(2) are employed to properly scale the output voltage DATA(13) to a receiver

input femperature. Thermal noise contributions from front—end elements are subfracted
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c
CT HERNMD CHECKS TEMPERATLRE
C
c - Th1S FROGRAM WAS PREPAKED BY
c .
c JCHM P, CLAASSEN
C GLEM E. ELLICTT
c
o i UNIVERSITY OF KANSAS CENTER FCR RESEARCH
c
c THIS ROUTINE EXAMINES ATM VULTAGES AND CCNVERTS THEM TQ
c TEMPLRATURES. THE TEMPERATURE VALUES ARE CHECKED TC SEE
L 1F ThEY OCCUR IN THE PERMISSIBLE CPERATING RANGE. whEN
C THEY FALL CLTISIDE THE RANGE A FLAC IS CENERATEL ANC AN ERROR
o _MESSAGE DISCLOS iNG THE BAG VALUE AMD MCNITORENG LGCATICN
c IS PRINTED. THE VOLTAGE TC TEMPERATURE PARAMETERS ARE
c ENTEKED FRCM RPAR. THE STARRED STATEMEMNT IS TO BE
c USED whEh TFE HOT LCAD TEMP IS AVAILABLE.
c .
coooLz DIMENSICK CATA(L)y RPAR(L)y IDATALL) .
< e
o INITIALIZE FLAGS - - —
c . e e -
6009tLe IFL AG=0 e
cooolz InwARM = Q@ e
C N o
C CGNVERT TC TEMPERATLRES _
c . - .
cooni3 J = 22 .
€Go0l4 00 20 1= 1,17
(C00Le K=l+J
£000 20 - UATALI4+L6)=RPAR(KI*DATA{ I+L6J +RPAR(K+1} 4273, 18
CCo02s T=DATALI+18) e e b
Lonon27 J = Jrl
000021 “ LF{1.Ew.17) GL TO 20
0033 IF (TLLT.RPAR(2L1) .ANG. T.GT. RPAR(22)) GO TOD 20
c
o FLAG ANJ PEINT MESSAGE wHEN NCT Ih LIMITS.
c i e mmae—— [
(GOC43 19 IFLAG=1 .
G000Gas LFOFOD(ILALAPHCE ) wEQ.0) wRITE (6,100) 183197 e
C0006G 100  FCORPAT{L6+5Ke4ll+ RECYR TEMP NOGT WITHIN GPERATING RANGE %,
* S5Xy L2ZHLECATIEN Nd. I3¢5Xs .
% 13HTEMPERATURE =4 F5.1y7H KELVIN} _
coooce Czo CUNTINUE )
+ ———— e mmceamn e
C CHANGE AIR TEMP TO KELVIN )
c
(CcCo70 DATALGoY = BATAL4E) + 273,18 -
c
E CHECKS FCR ESTIMATED WARM LOALC TEMFERATURE
cono? 2 1F (ICATAI36] .Eé. O) GO TO 30 T
G000 74 Iwaprn = 1
CCOOT 4 1F (MUD{IL LNFPCEY LEG. O) HMRITE(6,150) Io
gaolL3 150 FORMAT {1L45As2H*% 43 JHWARM LCAD TEMPERATURE ESTIMATED 37X ps IH#)
[
L LIST CRITICAL TEMPERATURES e
C
a001l3 30 1FIHOD(IL/LNPMOD) .EW.D) WRITE (6.,200) IL, CATALZ2T)y DATAL3Z),
P CATAL22}, DATAL2B1, DATA(46), DATA{25}
Co0io? 200 FURMAT (1633Xech* 2LHCRITICAL TEMPERATURESL TXy
% IH* DX s SHWARM=+ FO o L1 249 0HHUT=9F 0. L 42 X 94HOMT=25F G4 Ly
* 2X13HONE 4 FOu 112Xy 4HAIR=9Fb el 2Xs4HGDE=y Fbo L}
600167 RETURN
cooLic END

FIGURE A~14. FCRTRAN LISTING FOR SUBRCUTI! IE THERMC

SUBRUUTINE ThERMG (DATA3 IVATA, RPARy 1L LNPNMUDSIFLAG, IWARK)
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out to refer the receiver input temperature fo the antenna terminals with the help of
conversion constants RPAR and temperatures of input elements, DATA (17) to DATA (33).

2. Theory and Design

- The radiometer conversion model was developed in TM ]86-3% In view of the
involvement in the derivation, only an outline of the derivation will be presented
here. _

During baseline calibration an output proportional to a zero receiver intpu

temperature is generated

T, G
V, = -5 = | V. + (T, +T,,-T,-T. )](1)
RC [ FA(T, ~T,) i ter T i T oew
where T_= calibration infegration period

RC = output integrator time constant .

G = receiver gain established by AGC circuit

\./r = output reference bias
Ty~ hot load temperature referred to receiver input
T2r= warm load temperature referred to receiver input

During a normal calibration sequence the output integration produces a voltage

given by

_ Xy .G )
Ym =" Re [Vr' 4(17;--%,3(21-”‘ 27&")] @)

This result yields the unknown gain factor

. 2RC
G = = (Va-v) 3)

where (1) has been employed. A measurement cycle yields an output voltage given

by

vV = — s G(2Tar = Ty ~ T ) ]

V. +
m RC [ v 4 (Tye=Tap) )

*
Claassen, J. P., "The RADSCAT Radiometer Transfer Function and Iis Application
to the Reduction of RADSCAT Data,™ University of Kansas Center for Research,Inc.
Lawrence, Kansas, December 1971,
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where T__ is the femperature atthe antenna port of the Dicke switch. This

result may be written os

T T * Te

ar .2

— - P (T -T..) {5)

where
f - Vin ~ vb T/'rc
" ( Va - Vb ) T/'l‘.'d

(6)

and where (1) and (3) have been employed. From poages 8~11 of TM 186-3 it is
noted that certain leakages at the Dicke switch require that certain terms in (5) be
modified with reflection factors Ra and Rc so that the modeling equation actual ly

becomes
Tar(’-Rk):: —".-.‘.L-g-{-z-:r(a"‘!?a)" Iom (7‘”--'1_.&(-) (7)

Now the temperafure af the antenna port of the Dicke switch can be described by

(1~ Ra) Tar =?ITG& +?2T3+?g Ts +P4TF

(8)
where Ta = desired antenna 'i'empemfure
TL = leakage from opposite port
T‘3 = internal guide temperature
Tg = temperature of polarization switch

TF = temperature of feed between switch and OMT

To .= temperaiure of OMT
T. = temperature of cutler feed
-‘ﬁ = referral constants i=1,2,...,8

It should be noted that the factor 3”7 simply accounts for small but unknown contri-

butions originating from front~end elements not well defined physically. Now let

T“_'t TE
2,

E(I-Ra) T U T, + w2 T, )
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and
Em("ru-"-rar)=L E’mcva-ﬂ "V4T2) (10)

Then (7) may be written as
P Ta+ P Te=vT +v,Ta=0, (U T- G TR)
-PBTﬁ —S’ETS 'fs.TF -f;.To an
—?GTC. -?—r

ot after division by k, as

Tat E. T =T + 0 [-0, (RT -q T,

T, ~N,Te ~ M, T, (12)
= 715-11 = 1l$
Now since TF is not monitored it will be assumed that Te= 4, TS + @, T;

where a, ta = 1. In this case the conversion model simplifies fo the form
Ta. + ECTL = G;T" + G-sz - ?m CO} 1-'- G:FTEE) —'U-STS
TsTs ~ T3 T~ BT, - T4

The leakage I'eim T is actually the antenna Pemperqfure at  the opposite polarization.

(13)

This term can be estimated from measurements ot that polorization, There is no
quarantee that i is always availabie; however, over the sea it can be estimated
from T _ with reasondble accuracy when the sky is clear. Hollinger® has shown that
the polarized temperatures are related by

i~ c
Tav = 7o Tah

where
C =0.00012 &

9 = observation angle in degrees

—Holllnger, J. P., "Passive Microwave Measurements of the Sea Surface," Journal
of Geophysical Research, vol. 75, no. 27, pp. 5209-5213, September 1970,
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The latter estimating technique is employed by the subroutine since temperatures af
the opposite polarization are not always available. Forfunately gc is small
(estimated at .004) so that under some circumstances the leakage term can be ignored
(by sefting £c =0),

The above model is incorporated in RCONY. The listing for the subroutine
is shown in Figure A-15. The variables are defined in Table A-6.

Table A=6 Definition of Variables in Subroutine RCONVY

I = Receive Polarization Index
J = Frequency Indicator
RPAR(5) = . &

RPAR(S) =T

RPAR() = oy

RPAR(E) = oy

RPAR(IH9) = @
RPAR(IHIT) = 9%
RPAR(1+13) = 0%
RPAR(I+15) = Ci

RPAR(17) = o
EST = £ 7,
DATA(28) = T
DATA(B2) = 7,

DATA(S) = T¢
DATA(18) = g

G. Subroutine DOPCHK

1. Imtroduction
This subroutine computes the doppler frequency shift induced by the relative
mofion beiween aircraft and sea. The doppler shift is compared with the doppler filter
characteristic to determine whether the shift is within the bandpass. When it is, a
frequency index IBAND, which is employed to locate the filter gain, is computed, When
the doppler shift lies outside the defined doppler filter characteristic, the band index

is set at the appropriate exireme and a flag is set,
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caoolLo

CCooLn
CoO0lL1

¢opgole
cno0 14
(Co0Lls
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cana2o
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{001ln4
coolas
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[a N ataiiel [a¥aEaipEataNat s R a ok ol Ul el

[Nl )

IR =Y

ooe

SO

L o

T o St ote

SUSROUT L RCLNY [DAT Ay TLATA,RPARYRCAL,IL)
CCNVERT RALICMETER
SUBRLLTINE RCCNV {DAT Ay ILAT Ay RPARGRCALy 1L

Th1S FRCGRAM wAS PREPARED BY )

JEHR P CLAASSEN
GLEN Ee ELLIGTT

v nomee o UNIVERSITY OF KANSAS CENTER +CR RESEARCH

THIS PRJGFAF CCNVERTS RADIOMETER GUTPUT VOLTAGES TG ANITNNWA
TEMPERATURE,

DIMENSIUN BATALL), TLATA(L)g RPAR(L}; RCAL{L)

FCRY POLARIZATION AND FREQUENCY INLEX.

I=[CaTA(lZ)
JEELATAL2)

EXTRACT LCAD TEMPERATURES

Tl = CATA[53)
T2=0aTAlZ2)
IF(Jdatwe3) Ta=(ATAL2T)

FGRM FEADUREMENT PARAMETER.

DATACL3)=— (LATA(LL)-RCAL{L))/(RCALI2Z2)I-RCALLL))
AFPLY TEFPERATOLRE FACTORS.

UATALEI) =LATA(I3 e (RPAR(SI*TLI-RPARLGI®TZI+RPARI 7} #TL+RPARL £} # T2~
KPAR(I4+S)#DATA( 281 =KPAR([+11)%CATA(32)=RPAR(I+13)%
CATA(46) — RPARILISI*CATA(18) .

APPRCXIMATE MISSING CATA

APPRUX LAATING PARAMBTER !
C=0.000L sCATALLA}I=[ATRL4)

FOR hCRIZCMTAL PCLAREZATIUN
ESTDATALL3)*(1l.0+C) /() .0-C)

FUR veKTICAL FCLARIZATION

IF {1 JEy.Ll? EST = UATA (L3)#(1.0=-C)/L1.0+C)
FORM ANTEANA TEHMPERATURES

DATAEES) = DATA(L2) —~ ESTHRPAR(I+3)
HETURN
END'

ORIGINAL PAGE 1§
OF POOR QUALTPY,

FIGURE A-15. FC-R“.(R/‘-.N LISTING FOR SUBYOUTIINE RCONV
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2. Theory and Design

For non-relativistic speeds the fwo way doppler frequency shiff is known to

be given by
‘f —— — . {
4= 2V te) T (M
where = boresight unit vector

aircraft velocity

gl
)

= operating frequency
€ = speed of light
Denote ¢. as the cross-track angle and 6  as the incident angle {see subroutine

ANGILE). Then the boresight vector is given by

T =~ sinb cos . T, +sind sin f '7-3 - €058 <y (2)

Also

CEE 3)
So :

T.t,= - U stnb eos ¢ (4)
and

'Fd=-2~—+c—v--sé.719 cos 4’(: (5)

Expression (5) is the desired result.

Now the computer routine determines whether the doppler shift falls in the
doppler bandwidth as defined by the upper and lower limits, SPAR(23) and SPAR(22),
respectively. If f, is between SPAR(22) and SPAR(23), f, is divided by the doppler
filter gain sample inferval SPAR(24) and the result rounded off to defermine the band
index (IBAND) from the center frequency. When the shift is outside the bandpass,
the band index is sét at the appropriate extreme and a flag is set. An error message
is also appendéd to the Conversion Report. A listing of DOPCHK is shown in
Figure A~16. The variables employed by the routine are defined in Table A-7.
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coonil

Gooolt

€angoll

(00011

Q000 L3
(cools

coonlLy

C00Cx6
L0004l

00044
(0G0s7
(00053

(00044
ConnsT
CO00460
Conoe3
coano &
000115

C00115
900tLla

CLUPCHK

OCOQCAG OO0 OO0 0

[akulel o o0 [zExE ] GO lnla iyl [REEN I ]

(]

10

20
sU

49

SUBRUUTINE DOUFCHK {DATArSPAR,ILs [BAND+LNPHMCU s LFLAG} .
CHELK DOPPLER SHIET .
SUBRGUT INE DOPCHK (DATA, SPAR, IL, IBAND, LNPMUD, IFLAG)
" TRIS PRCGRAM WAS PREPARED BY N

" JO#N P. CLAASSEN
GLEN E. ELLIOTT

UNIYERSITY OF KANSAS CENTER.FGR RESEARCH

THLS SUBRCLTINE COMPUTES THE DCPPLER SKEIFT INUUCETC BY THE
RELAVTIVE MOTION BETHWEEN AIRCRAFT AND SEA. THE DOPPLER SHIFT

1S CCHMPFARED wITH THE DOPPLER FILTER CHARACTERISTIC TO
DETERMINE WHRETHER SRIFT IS5 WITHIN TdHE BANDPASS AND WFEN
1T IS TO SELECT THE COPPLER FILTER GAIN RELAYIVE TQO TrRE
CALILRATICN SIGNAL.
VDIMENSIUN DATALLl), SPAR(1)
LATA OEGRAD/O.01T4532%9257
INITIALLIZLE FLAG
IFLAG=0
CONVERT AIRCRAFT SPEED TC METERS/SEC
VEL=DATA (421/3.048
CUNVERT TC RACIANS

THETA = CETA (14)*CEGRALC
PH[=UATF(15]*CEGRAD .

" \
'CEMPUTF THE UCPELER, SHIFT
00P=—2,0%SPARL L) #VEL/25ST93000. 045 IN(THETA}*COS £PHI )
IF OCFPLER ShIFT EXCESSIVE EOQrM FLAS

IF(DOP.LT.SPAR(2Z
EFt

2)) GC 7C LO
FIUOP.GT.5PAR(23)]

GO IC 20
FURM DCPPLER BAND INDEX

IBAND=-DCP/SPARI24)+0.5
IF (DOP.GT 0.0} 1HAND= —COP/SPAR(24)-0.5

KET RN
FCRM FLAG AND ASSIGN BAND
IBAND = —SPAR{ZZ) /SPAR(24])
GO Th 30 o
IdANL = —SPARIZI}/SPAR{24) .
[FLAL=L

1F{MOLLILs LNEFCGHoEUD] WRITE (6s40) IUyCATA(4Z}sDATA{ 141, 00P

FORMAT (1€ 54 s bt o LXy LTREXCESSIVE DOPFLERZLX s bHe 95Xy
L3HAIRCRAFT SPD=,F5.135X11HVIEd ANGLE=3F5.1s5%
L4AHUUPPLER SkEIST=4F6.0} . .

KETUKN
END

FIGURE A-16. FORTRAN LISTING OF SUBROUTINE DOPCHK
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Table A-7 Definition of Variables

[FLAG = Flag for Excessive Doppler
VEL = Aircraft Ground Velocity
THETA = Incident Angle

PHI = Cross—track Angle

DOP = Doppler Shift

IBAND = L i . D?pp]er;Band Index

SPAR(22) = " Lower Doppler Filter Limit
SPAR.‘,(23) = Upper Doppler Filter Limit
SPAR(24) = Doppler Filter Sample Interval

H. Subroutine SCONYV

1. Infroduction
SCONY converts scatterometer output measurements into a normalized input
power, The scatterometer transfer function is employed to perform the conversion,
The transfer function is developed below. Certain significant simplifications arise

when SCAT normal calibrations are employed.

2. Theory and Design
The block diagram for the RADSCAT scatterometer is shown in Figure A-17,

The front~end elements have been decomposed into a calibration element Gc’

transmission elements GVT’ GHVT’ 'C:'HT’ and GVHT and reception elements

GVR’ GHVR’ GHR and GVHR for ease in analysis and reduction of data. The transfer

functions account for mis—match and loss. Calibration attenuators A] through A4

are employed to calibrate the output channels T through 4, respectively.
During calibration fransmitter power is routed sequentially through A], Agys

A‘3 and A, and the respective channel output is noted. The resulting output voltage
N . .

for the i channel is thus given by

@ .
V.l &P, G G, A, w, I, 7, (1)

t
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where d = the effective duty factor
P, = transmitter peak power
T

- = calibration integration period
The factor d2 occurs in the above expression since only the center frequency of the
power spectrum is sampled by the receiver. The calibrations thus serve as a measure

of the transmitted power

e
P = — £ (2)
TG G A G,

During measurements af VV polarization and incident angle 6, the power

arriving at the receiver input is given by

AB

2 .
va(e") N (4)? d ’Px [GW r'v Ivv(e‘v) r'v Gv'r

+ Gyply T (8) Pva + Gyl Ly (9 PH Guvr

o My L ()T, 6 ®)

RVT :l

where

y P )
f] P X2 0 PalX, 920 da @)
Fre

. R®

o= normal ized scattering coefficient for fransmission at
M0 polarization n and reception at polarization m
R =range to scalttering element dA
Pm = normalized antenna palﬂ'em
Tm = anfenna directivity at polarization m
A = operating wavelength

Similarly for cbservations at HH polarization the power at the receiver input is

given by 2

_ A
Paw (8) = (4r)?

4P, [Gyely L € Ty Gy

+ G Tt 1 O T, Gs+ G I IO G

VRT

+Guely 1, @7, G, ] Q
95



The latter three terms in expressions (3) and (5) may be neglected since products such

as GHVRIVH; GVHRGVHT’ IHVGVHT’ efc,, are exiremely small. Therefore (3)
and (5) simplify to:

Adcq '
va(e‘) ) (< 'ﬁ‘)g GVRPV Iw(ec) Pv Gv-r 6)
and
P (- 2285 6 1 (g
w (8 = T Surly L (DT G 7)

The correspending on~scale output voltage for these measuremenfs occur on say,

channels j and k, respectively. The outputs are given by

ij = P, (&) .G‘R'-“_:j Q; ‘IJ- o (8)
and '

Voo = P8 G, %, G I, )
where T = measurement integration time

m=1,2,...,7
A subscript is employed on T to identify the different integration periods associated
with six angle indicators (1 through 6) for the ALTERNATING and FIXED ANGLE
MODES and the infegration period 23 unique to the SHORT SCAT mode.
Now equations(8) and (?) may be employed to express the receiver input

power. Thus we may write

Vim ,la de P .
2 X

) G G T 0
Al i GJ Ij o ¢anry? VR THT Ty I, (8 (10)

vV 12 dz P .

b m x
N N

GR ™ GJ Ij T (4 w )3 GHR GHT H IHH(QO) (1
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Now P may be replaced by expression (2) for the corresponding output channel to

yield the desired results

3
Vi T C G, A (4)
I.'vv(9°);’ = i ,tc P é 1(1 z A" (12)
i m YR Fvr oy A
and
3
I (8) = Vim T G. A, (4r)
He o Vr} Tm GHR Gyr Fna A (13)

It is noted that the receiver gain terms have dropped out,

Subroutine SCONYV implements the algebraic expressions for IVV and IHH
Actually the SCAT channel selection routine in CRUNCH applies the factors A, and
V (e) (m =] or k) since they are channel dependent. Missing from these ulgebt’alc
express:ons is the doppler filter gain factor which is a function of the doppler
frequency shift, The gain is normalized with respect to the gain at zero doppler
since the calibrations are made there. An equally spaced sample version of this
filter characteristic must appear in the lower part of SPAR. The filter gain af zero
doppler must appear at SPAR(50). Down doppler filter gains must be stored in enfties
between SPAR(51) and SPAR(85) whereas. entries for the up-doppler gain must appear

between SPAR(34) and SPAR(50). Presently the gain function is sampled af 250 Hz
. infervals. To compensate the measurement the relative doppler gain must divide
the measurement, DATA(B).

The FORTRAN coding for SCONY is shown in Figure A-18. The variables are
defined in Table A=8.

Table A-8 Definition of Variabl es

DATA(8) = Selected Channel Output, V.m
INT = Integration Period Index
IDATA(3) = RADSCAT Mode

SPAR(3) = Calibration Period
SPAR(INT+3) = Measurement Period
SPAR(IBAND-+50) = Relaiive Doppler Filter Gain
SPAR(17) = Calibration Attenuation, Gc
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SUBRUUTLINE SCCAV (LATA;y [DATA,SPAR: IBAND} 0000101%

CSLUMY SCAT CONVERSION COOGL0Z0
c SLBROLTINE SCUNY {DATA,IGATA: SPARyIBAND) 0ooo1021
o o canoLosd
c THIS FRCGRAM WAS PREPARED HY 0601023
c 0O00L0Z4
C JCHA P. LLAASSEN . orooLoas
¢ GLEN Ee ELLIOTT Quonloz2e
c pooGLO27
¢ _UNIVERSITY OF KAWSAS CENTER FCR RESEARCH aogeliody
c vOOGLDZY
C 00031030
C THLS SUBRCUTINE CCONVERTS A SCATTERUMETER NGRMALIZEC CUTPUT 00001031
C VOLTAGE TC THE SCATTERING INTEGKAL. ThE RESULT 1S LEFT ccoeLasa
C It DATALB) . 00001025
C cCholo3a

cooen7 DIMENSION DATACL), IDATALL), SPAR(L} 000c10355

(00007 CATA BPI/3.1415927/ GCoClC36
C Qo1 037
c cooQl03s
c £COGeL03Y
o APPLY CCNVERSIUN PARAMETERS Q0001040
C 00001041

00007 UATACYl= CATA[YI® (4,301 )e*3/{299763C00./SPAR{ L)) *%L NUOoLM4Z
c CCGO1043
< SET INTEGRATION TIME INDEX CQo0LD44
C CO0GLO4S

CCooLs INT = IUATA (5} 00N01046

cooolis IF [LOAFA (3) JEGa LY LAT =7 Go0oL04T
C . UcoQ104s
o CUHMPENSATE FOGR INTEGRATION TIMES 60001049
C 000¢1050

COuNLO LAT A{yl= LATA(B)*SPAR(3)}/SPAR(ENT+3) - CROOLOLL
o ccoQlos2
C SET PGLARILATICN INUDICES 00001053
C NO0a 1054

COu0zZ4 IxM1T =1paTa (&) C00N1ass

CQ00Ls [REC = ILATA {7} 00001056
o oonOLosY
c CCMEENSATE FCR DOPPLER FILTER CHARACTERISTIC CLO0La%E
C 0001059

00027 UAT Alsi= CATA{E )}/ SPAR(IBAND+50) DT
o . ooonloel
o APPLY CALN FACTCRS 000Qine2
¢ ) Ceo01063

(00031 DATALGI=CATALZ) tSPARLLT 1/ (SPARCIXMITH1LI*SPARLIAMIT+25) CO00L0E4

* SPARLIREC+1b5)2SPAR( [REC+25] } C00ULass

E0004l RETURN C{CCLOuG

C0G0a2 END 0ooNloeT

ORIGIyAL
PAGE I5

OF POOR QUar 7y

FIGURE A-12. SOURCE LISTING FOR SUBROUTIINE SCOLIY
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Toble A-8 Definition of Variables (Continued)

. IXMIT = : Transmit Polarization Index
IREC = Receive Polarization Index
SPAR(IXMIT+11) = Transmit Transfer Function
SPAR(IREC*15) = Receive Transfer Function
SPAR(IXMIT+25) = Transmit Antenna Gain
SPAR(IREC+25) = Receive Antenna Gain

V. SPECIAL ROUTINES

A. Tape Read Routines

FUNCTION subroutine IREAD and subroutine READT are employed to read
the Input Raw Data records. IREAD permits CRUNCH fo read records from either
file code 01 or 08. IREAD calls READI1 to unblock records from file code 0. The
tecords on the scratch unit (08) are not blocked and so can be read from IREAD. A
second entry point in READT permits subroutine CALIB fo backspace one physical
record (DATA). Read functions on unit 1 may be performed by simply calling READT.
The source listings for IREAD and READT are shown in Figures A-19 and A-20,

respectively.

B. Tape Write Routine . ’

Subroutine WRITE? performs WRITE functions on file code 02. Output records
(IARRAY) are accumulated in IBLOCK until it is full at which fime IBLOCK is written
to file code 02. A second entry point in WRITE2 performs the END OF FILE function.
However, the remainder of IBLOCK is first filled with zeros before putting an EQF
mark on file code 02. See the listing for WRITE2 in Figure A=21 for further insight.

C. Subroutine ABORT

To purposely stop the execution of the program and abort the job, an abort
function was provided. The circumstances underwhich an abort is executed are
described in Section III B. If the system has an abort routine available that dumps
more registers and memory than this fatal execution will, it is advisable to replace the

one provided. A listing of subroutine ABORT is shown in Figure A-22.
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€aoncs
Looou3
conoa 3
(co0c3
(Coocs
o000y
0Qooi13
CO0015
(o022
coG026
€o0047
CO0031

OOCoM O COaan OO

FUNCTION TREACLIFCY

THIS FRCGRAM wAS PREPAREL BY
GLEN Eo ELLIOTT
UNIVERSITY OF KAMSAS CENTER FLR RESEARCHy INC.

This RCULTINE PERMITS SUBRCUTIME CRLNCH TO READ FROM FILE
CCOE 1 OR «e HRECGRUS ON FILE UNIT 1L AHE OBLOCKED IN
LELUPS CF 10 PHYSICAL RECORDS. EALH RECORD CONSISTING
CF 50 wURUS. SUBROUTINE READ]1 UNBLOCKS THE RECORCS.

Ch THE CTHERHANC THUSE RECCRDS CN FILE JUNIT 8 ARE KOT
BLOCKEE AND AS A LONSEWUENCE A SIMPLE BINARY KEAC

IS EMFLCYED.

LUGICAL ECF)
COMMDL FLRPLT/ EOFRL,LATALS0)

IREAD=0

IFLIFCEdek) GL TO 1
CALL REAUL SV
[F(EUFL) IREADEL |
RETURM ! <

REAC(A) CATA

IF{EUFG) 2¢3 7
IREAU=1,

RETURN

END

FlGURE A-19, LISTING FOR IREAD
100 .

oceoGoa7y

CCQGa3u0
Q00051
(Cocoauz
QG0003E3
GGOoQ3L4
Ce00Q3ES
CCCCC3BG
COODNAE7
COoON3ce
00000589
Cd0Q3so
Goo0ossl



(0002
cooon2
¢aono2
(0G002
coona2
(00003
Con0Q4
co0ag0cs
6000112
CooO0LS
conpz2
Co00Z3
Ca0033
00034
COu0ayr
(Co040
Cono43
(CC04s
C00ga7
congso
€00351
CC0050
C000 G2
aconL3
00064

COoMCOOoonon

1v

0

9a

100

SUSRUUT INE REMLL

THIS PRCGRAM WAS PREPARED BY
LLEN E. ELLIOTT

UNIVERSITY OF KANSAS CENTER FOR RESEARGH) ING.

ThtS SLEROUTINE REAUS BLOCKS CF 10 PHYSICAL RELURDS AND
SEPARATES THEM. RECORDS FILLEL wiTH 99999. ARE BY-PASSEC

UKTIL AM ECF 1S EMRCOUNTEREC.

1S PALVIDED TO PERMIT BACKSPACIAG

WETHIN A BLOCK.

CEMAON/ INFUT/TECHLCATA(50)
LOGIL AL IECF

DIMENSIUN BLOCK (50,10}
GATA NDXNUT Gy L7
TEfl+=.FALSYT .
IFIHDX.NELG) GL TC 10
RPX=1

PEADINLT] BLOCK
[FIEDF, NLT) 1CG0.10
1F{sLCCKIL yNUX) +EU. 99999.} GO TO 90
DO 20 1 = 1,00

CATALL} = BLLCK{L hDX}
NUXSNDX+1 )
IF(HOA.ETLL10) hCXx=0D
RETURN

REAGINLTY

IF(EUF,NUT} LC{,s 30
TEOF=.TRUE

NDK=0

RETUKN

ENTRY BCRSPL
ITFIRDX.LTal)l MEX=11
NUA=NDA=1

RETURN

chD

FIGURE A-20, LISTING FOR READ]
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A SECONLCARY ENTRY FCIANT
INDIVIUUAL RECCROS

CGreosve

Co0agis3
00006394
peoaCciss
CCoac3se
co00C 397
oooocise
CGOnN3ss
CCLoug4ano
aQoe040l
Coo0C4C2
CoacU403
CCaGRC404
00000405
00040 e
G000Q4CT
COCCC4Q b
neo0040s
LCO004LG
noooo4il
¢0QacCo412
o0nNo04sl3
CCo0g4la
0000C415
cLocgale
GG000a17



cooo03
coonos
(coog3
(oooas
0cG015S
CGoo1le
Goo0L1l
Lo0dze
a000 .27
coro30
C000306
CCo042
CC00s3
C00044
_€00054
cQaocy
cociez
00C0ES
CO00sS

IalalsialeslaNalaN s alal sl

20

_RETURN

SUBRULUUTINE wRITE2

ThIS

(EARRAY}

. GLEN E. ELLIOTY N
UNIVERS1TY DF KANSAS CENTER FCR RESEARCH,INC.

PFRCGRAM WAS PREPARED BY

TFI5 ROLTINE BLOCKS 20 WORD RECORDS INTO 24 RECORD

GRGUPS (BLCLKS) AND WRITES THE BLOCK OUT TO FILE UANIT
hHEN INSUFFICIENT RECCRDS EXIST
TEE REFAIMING PLRTION IS FILLEC WITH ZEROES AS PRGVIDED
SECLNCARY ENTRY POINT.

0.

AT THE
16 ThE FIL

UDINENSILN TBLCCK{I20,20)

UATA INDEX FLl/

o0C 20 1 = L.20
TBLJUCKIT «IBRDEX) =
INDEX = INDEX + 1
I {INUEX «LE. 201}
W ITE (2) IBLGCK
INDEX = 1

E THEREAFTER.

IARRAYE L)

LARRAYILL)

RETURN

TU FILL A BLGEK

Ah EOF IS APPENCEC

ENTRY EAGF2
IF UINUEX WLE.
DO 25 1 = INDEX,20
DO 25 J= 1320
IBLOCK(J.1} = 0
ARITE (23, IBLLCK_
INDEX=1

ENDFILE 2

KETURMN

END

1

G0 T0 30

FIGURE A-21. LISTING FOR WRITEZ
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€g000418

00000419
€0000420
(00C042L
00000422
00000423
G0aG0424
aQup00425
GCON04azZe
coons2y
con0c428
€0060429
Co000430
C0000431L
40000432
0000C4a33
00000424
00000435
CO080436
CGoo043y



(oooos
(00303
Conno3
CooollL
cGooll
€oo01s
GO0024
(C0030
ceaoiz
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FIGURE A-22.

SLBROULTINE apUKRT(A)

HALT PRUGLRAY IN CASE OF ERARUR
GIMENSIUN TECK{Z]

UATA [EOR/LOMENC CF REE1HL/
WhITE (00,1001 2

FOFMAT [1CGX+ LOFABCHY COUDEs1X,ALO)
CALL EMNULFZ

WRITELZ) 1EOR{1,1=3,9)
BRA/0.0+1.0

STUP

EwD
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LIST FOR SUBRCQUTIHE ABCRT

CQ00038Y
00000269
000C0370
caoonsTl
{CCCCar2
c0Go60373
CC0C0374
c&0o0375
CCOQCaTo
coono3y
CO000378



APPENDIX B

QUTPUT PROGRAM

I. INTRODUCTION

The output program (OUTPUT) lists groups of output files produced by the
conversion program. External directives permit the user to select file types to be
listed, This appendix describes the operation of QUTPUT. In the description below

it will be helpful to refer to the logic diagram of Figure B~1 and the listing of Figure
B-2.

II. DESIGN AND OPERATICN

Upon entry into OUTPUT a control card is read. The format and confent of
the control card is treated in Section III C,  The card content is printed and its
validity is checked. An invalid command terminates the program. The tape on unit
2 is also rewound. The file Iabel is read and compared with the validated directive.
If the file label does not agree with the label, the file is bypassed and a bypass
message is prinfed. The search contirives until the appropriate file is found; if in
the search the end of reel is encountfered,a message to that effect is printed and
another control card is read (statement T).

Specified file types are listed 80 records at a time. Each record is identified
with a record number. The listing continues until the file is exhausted (EOF) ot
which time another file of the same type is sought.

The varicbles employed in OUTPUT are defined in Table B-1.

Table B-1  Definition of Variables

MISSD = Directed Mission Number
FLTD = Directed Flight Number
LIND = Directed Line Number
RUND = Directed Run Number
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WRITE
FOOT ROIE -

VRITE RECORD
6

INCREMENT
RICORD CIR.

READ
CONTROL CARD

VIRITE
FOOT OTE

NORMAL

TERMIHATION
5 2z

WRITE COLUMN

REWIND 02
LABELS

]

ECHO CHECK
CONTROL CARD

BY-PASS
INSTR.

. [ PARARETERS
YES 2

UNRECOGNI ZED
CONTROL CARD

IT VALID
7

IMTIALIZE
RECORD CTR.

READ FILESY-Pa8S|  rToroor
[rllEU\BEL/ [MESSAGE/__(BY—MSS HL§>
i 0

b
OF RECL
7

-{\YRETE hCABER
6

IND OF REEL

FIGURE B-1. DESCRIPTIVE LOGIC DIA
FOR QUTPUT PROGRAM GRAM
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€000403
(goco3
(9o003

(Goncs
L000a3

(Gcoc3

qonani
Guno3
conon 3

coonn3
£00D .1
000021
C0UN024a
Conn2e
(00C44
000044
(COC46
(coos2
£onass
gonoss

€00057
£00057
£000e3
CO00ge3
000104
(00108
G0011la
GON1l-
GOOL 1=

Lo0l15
CO0L15
0oo1L7?
000121
000123
{00425
¢Qol27
o0l st
60133
oNolad
Co0l4s
000icl

0154
001t 4
000160
000140

0001c:1
Conlig

o026

Coo2d6
coo2s2

®
@&
15\93’ Pﬁsﬂ\

pooega2
000234
00236
000240
00242
000243
€00z45

PROGKAM CLTPUTEINPUT OUTPUT TAPE2 s TAPCH=INFUT 4 TAPEo=0UTPUT)

CouTPuT UUTPUT PRCGRAN

t . _IhIS _PROGRAM WAS PREPARED BY

E JCHK P. CLAASSEN

c GLEM E. ELLICTT

E LNIVERSITY UF KAKSAS CENTEFR FOR RESEAKCH

i
100

11
200
20

N0

300

400

o0g

605

12

¥

&=

=
=

E- 200 B - L

INTEGER FLTOy RUNDy FLT¢ RUN
DIMENSION CATAL20),0ATE(S)
DIMENSEON LSTYP[4}, IHODE(4), IPL{2])
CIMENSICN IEQH(Z2)
LOGICAL ECF2
EQUIVALENCE (FMLEE,DATA(2])),

(LPLyCATALS) ) LIP2,DATALG) )
CATA TEURSLOMEND OF REEslHL/
DATA IMODEZ4HRGUer4HSe S r@HF sAarbFAsA L/ y TFLZ LHH e HV/
DATA LSTYPZOHFLTLIN 6RMISFLT  6HSPEC IF 9 3HALLS

GET DIRECTIVE AND FILE 1D«

REAL{5,2002 LTYPE,y MISSD:FLTDsLINDJRUND
FORNMATLAG vOX4415)
1F{EGF,5) 10411
REWIND 2
WRITE{65200) LIYPE, MISSDy FLTDs LIND, RUND
FORMAT (Ll o/ / /1 GALBHCCATROL CARD=33X3A604X141K85//7)
LD 20 I = 1,4
FFLLTYPELEC.LSTYRIIFT GO TO 27
WRITELG,700)

EBR%ATIth|//!10l22HUNRECCGNlZED CIRECTIVE)
115

FIND THE FILE.

LONTINUE

wRI TE(0 3002
FURMALT (1IHL} .
KEAC(2) FISS, FLTs DATEy LINs RUN, FREQ, FEED
TFImISS . NELIEBCRILY) GO TC 13
1#{FLT.nE. TELR(Z}) GO TC L3
wikE TEL 64453 0)
FORMAT(///10X10(1F*)y1LFEND OF RE EL'IU(IH*]///)
GU To 1

CCHTINJE
IF(LTYPE .Ew.LSTYF (4] GC TO 4
IF{MISS.AE.4ESSE) 6O TO 3

TF{FLT .NELFLTD} GC TO 3
IFILTYPELEu.LSTYPE2)) 6C TO & _ .
IFCLINGNE, LING) GC TG 3
IFCLIYPEAE.LSTYPE3)) LC TO &

IFIRUN JEQ.RUBD) SC TO 4

WRITE(Ge500) MISSs FLT» LINs RUN
FORMAT (//J0X13-BYPASSED FILEy%l5)
READL2)
LFLEGF,2) 233

FGUND IT, CUTFUT hEADINGS.

CONTINUS L.

WK1 TE (s 60 4] .

FORBAT (LFL ¢53X, L4MF ICRORAVE CATA)

LINEN=D . . . S
8¥PASS IC RECGCRD. -

READIZ2) ICSET, IC1l, ID2. {D3

Wk ITE(6,+ 6600 MISS, FLTy DATE, LIN, RUNs; FREQs FEEDs

ICSETy DLy 1D2y ID3
ELRUAT (/9F MISSICA~—y 139Sh  FLIGHT—,13,

iH  DATE=213415:2X¢L1lH FLT LINE~¢lXylo+6H RUN-y[3;

cCooi12ys
00091296
Q0001257
¢GDOL298
aogol2ye
00001300
0GG01301
gonaling
onQQ 1503
c00aL30%
onQeis3as
000G130¢E
00001aC7
cCoolicy
00801309
c006l310
00001311
gGo0l3aLLs
CCo0E313
Qao00i3t4
no0o13215
00001316
00001317
00001518
¢0001319

00001320
Qeools2i

aeonlz22
00001323

anoQls24

00001325

0001326
0C00L327
000Ccl328
00Q0L329
00001330
00o01321
0ogoL332
Q001333

00001334
00001435
N0e01336
0R0aL 337
00001538
oR001539
00001340
0000134}
00001342
00001343
00001344
00001345

L3k FRECUENCY—y FS.LyTH FEED—;2XsA648H IPAR= 1 2,3L37)CC00L34T

WATTE( b4 605)

FURMAT L/

62H KECIORD  TIME HUDE INCID CROSS XHIT REC S InT
23HSCAT SCaT RAD DEPCL $/R ALTITULE»
LIH FLT L :

uZH NC. ANGLE  ANGLE POL POL TIFE
b2h DEe FACTGR COCE »

LIH DERECT 7/,

G2H [GEG)  (LEG) {SECH
23H {DEG K} ' {FEET)

120 {DEGY _ 4} .
OUTPUT ONE DOUBLE COMPUTER PAGE.

DO & L1skat0 '

CALL RFAD2{UATALEOF2)

tR{EUF2) 6C TC 7

LINFN=LINCN+L

MUUESTMOLE (MODE+L }

Tel=1PLIIPLl+L] .
1r2=IPLIIF2+1}

FIGURE B-2. SCGURCE LISTING FOR PRCGRAM CUTPUT

106

00001348
00001349
00001350
0Co01351
oeco13s2
00001353
00001354
00001355
00001356
€0001357
0000135
00001359
000013060
£0001361
000613¢2
0000a13E3
00001164
£0001 305
80001 365


http:FRECUENCY-,F5.17
http:lPI,CATA(5)),(IP2,DATA(.JI

{00246 6 WRITE(O+GOL} LINEN, {LATALL)y I = 1414}
c00204 601 FURAAT
c : MATCH HEALING WITH FURMATS.
* ¢ LINE TiME MODE INCID CRCSS XMIT REC S INT
* £+ NO. ANGLE  ANGLE PLL  PUL TIME
¥ & (DEG) (UEG) (SEC)
B (LA gl&y 2ZKyF8alydXe AbBy FHhels2Xs FDelyGXs ASy AlLyaXy FEa342Xs
. g +SCAT SCET RAC DEPUL  S/R ALTITUDE #
* # DB FACTUR CODE 2y
* 2 [DEG K! {FEET) #y
2 Ellefy 2XArFO.192Xy Flaly FBe3y 15, F1l0.04
C .
& # FLT £fy
# + DIREC £/
* # (DEG) ¥)
% Fuwal)
c
c . FOOT PAGE WITF CODE KEY.
GOD264 HRITE(6r662)
£C0270 &02  FURMAT(//14H K€Y TE CODES-/,
x ; ZEX,32H 0 NO FLAG 15Xy
0 ¢l 1000 POLAR REVERSAL/,
# T T ZBXe% 1 POSSIELY OQUTSIDE RANGE GATE#,5X,
% 22K 10000 EXCESSIVE DEPOL/,
% 23X,32r 10 OLTSIDE DYMAMIC RANGE +5Xr
* 24HLECCOCO RLC TEMP ABNORMAL/,
% 25Xe* 1CO EXCESSIVE UOPPLER %g 4Ry
% . #1000000 WARM LOAD TEMP ESTIMATED®#/,
T TR 25X+ 3Th CCMBINATICNS CF FLAGS CAN OCCUR./ 1M1}
CG0270 GU TO 5
C FUOT PARTIAL PACE
o027l 7 ART T {6,202}
(002175 [F{LTYPE,EC.LETYP{3}] CO TO 1
00277 Gl TU &
LERTY 10 sTOP
{oo3e2 ERY

QRIGINAL PAGE 12

OF POOR 2

QUALITY

igure B-2. (Continved)
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»r LLOC136T
noool3es
QuOQL 359

£,00001370

¥, 000GLATL
#,00001372
o0001373
00001374
cracL3ne
Q0001376
000013187
00001Ls 76
CLooL379
00001380
nooo0L3bl
s 14 1ol DREY P
CCGCL3E3
QDO0L3E4
CO0013ES
aOC01 3486
GCocl3e?
)00 368
CON013uy
00001350
000015%1
00001352
00N0BL393
0e0aL3se
co001395
rCOCL3SE
0001367
00001358
coon13vo
CCOCLAGG
00001401
Ccaol14a2
aC0C1403



Table B-1 Definition of Variables (Continued)

MISS = File Mission Number

FLT = File Flight Number

LIN = Fi!e.Line Number

RUN = File Run Number

LTYPE = Control Directive

LSTYPE = Program Recognized Directives
IEOR = 10H End of Reel

DATA = Qutput Data

EQOF2 = EQF Indicator on File Code 02

IIf. SUBROUTINE READ2

READ2 performs the record refrieval function for OUTPUT. Output files -
are blocked in 20 record groups. READ2 retrieves these blocks and withdraws
records as required by QUTPUT. The end of the file indicator EOF2 is generated
by READ2. A listing for this routine appears in Figure B-3.
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e OoCOaanc

{000aQ5
(0Goos
€ooacs
000005
(goons
00006
caoncT

6000 La
€G00Q20 i0
CGoQz3
CGo0e2s 20
(00Gs5
Co0036
000041
C00Ga2 Y]
{cGgas
Co00s51 160
toons2
€00053
00Che

oF P0O% A

SUBKUUT TG KL aL2lLLATALEURS)

T Thls PRCGRAM WAS PRLPAREU BY
GLEN . ELLIUTT
UNIVERSITY OF KANSAS CENTER FCR RESEARLHINC.

THIS ROLTIRE UNBLGCKS 20 RECURD BLCLKS ARND PROVIDES
Ah ENL CF FILE INUICATUR, EOFZ2.

CIMENSICh 1uATALLD}s LBLOCK(20,20)
LOGICAL LGFe

CATA RUEX/GY

EDF2= .FALSL.

FFLHDEX.RELCY GC TC 10

NDEX=]

REAL(2) 1BLOCK

IFLEOFs 2} 1C04+10
LFCISLLCRIL,ALEX).FQ.0) GO TO 90
Do 20 1=1420
loATA{E b= BLOCK L NDEX)
NOEX=NDEX 41

IFINLEX.GT .20} ADEx=0

RETURN

ReEab(z)

1FLEUF2) 100,50

cDFZ=.TALE.

huEr=0

RETUHN

END

FIGURE B-3. SOURCE LISTING FOR SUBROQUTINE READ?
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COo0ul4aGa

000014C5
00001400
Co0014C7
0L 00L4CE
0CCOL4CY
CQo00l+10
otot14ll
000Qlatd
0CG0I1413
GeoClals
gcovl4ats
GoQ0141¢
ceo0l41?
(CCCl4ls
o000141%
00001420
oocdla2y
cCeel4aze
0poON1423
Q000Ll424



APPENDIX C

INSTRUMENT CHARACTERISTICS MAINTENANCE PROGRAM (ICHAR)

I. INTRODUCTION

Program ICHAR maintains a historical file of RADSCAT instrument characterisiics.
New sets of instrument parameters may be submitted to ICHAR for storage; old sets
may be printed or punched. The design and operation of ICHAR is treated in fhis
appendix. The reader will find it helpful .to refer to the logic diagram (Figure C-1)
and listing (Figure C-2) for ICHAR.

II. DESIGN AND OPERATION

The files on the historical parameter tape are identified numerically. So upon
entry info the program the file pointer is initialized to zero. An instruction is read
and echo checked. The instruction is then identified as one of three types. If the
instruction is INITIALIZE, the file uppendag\;e counter (NNC) is set equal to one and
four subsels of instrument parameters are read and transferred to file code 02, The
format and entry forthe parameters were described in Section III D of the text. The
program is then halied.

If the historical tape had been initialized already ond the command was
APPEND, the old historical tape would have been rewound (Statement 5) and the contents
of that tape fransferred to another ane (Statements between 5 and 18). Once
transferred, the new set would be appended to the new file (Statements 26 through 23).
When insufficient parameters are presented to fill the new file, the program is aborted.
Otherwise the next control card is read; if it is APPEND, the process is r;apeofed until
all APPEND commands have been executed. 1

If the (next) command had been PRINT or PUNCH, the program would have
advanced to statement 6 and executed the instruction. The program.continues until

all control cards have been exhausted.
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(vew )

INITIALLZE
FILE COLNIER INITIALLZE
{NCS =01 APPELDAGE
COUNTER
N o he
fee - KsC) REWIND L

INITIALLZE
FILE COUNIER

@) ) (NCS =0

INCRENENT
APPENDAGE @
COUNTER

[NCC=RiC + 1)

READ
INSTRUCTIC™
{JOBT, KUMBLR]

READ FILE OF

INSTR. CHAR.
1 /

READ SUBSET |

o
; STOP
WRITE
|4 19
INSTRUCTION ©
6 \E
IDENTIFY ' i
PN . ) LCREGCT |
INSTEUCTICH FILE COULTER

- aE
HOS = NCE +]

PRINT FILE

[

APPEND FILE |
2

ENDFILE 2

WRITE
OR PURCH

ERROR MIS5AGE |
(UNRECCG:ZED |

NS IR)
|
(ABORT@

ERACR MESSAGE]
READ INSTR Z (UNSAT. READH
Lo $

@ir )

ORIGINAL PAGE I§
FIGURE C-1. DESCRIPTIVE FLOW CHART
OF POOR QUALITY FOR PROGRAM ICHAR
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INCRENMINT
FILE CCUNTER
HCS = NCS +1

GOTIT

1S FILE RO,
STRICILY POS

REWIND 1

AHEAD

PASSED IT

no  [ERROR MESSAGE
729, 1GORED)
6

hCS=0

o1l
[ =NCS
NUMBIR -1

,J ALV

CANTFRIND IT

@

RELPC L] TN
L

NCS =0

RAOR "WESSAGE

PUNCH
{NSTR. CHAR.
43

FUNCH
THERL TOO

2

NCS = NUMBER I

< ECF, t

W—©
1@1@%‘0%‘ gpbﬁﬁ

FIGURE C-1. (continued)
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READ [NSTR.
CHAR. FILE
1




00900063
0400003

000003
090013
0400015

000016
f400026

000026
400030
00004]
00Q043
000047
Q00047

000051
000053
090055
000060
000065

000065
000066
000070
000071
Qeo072
000074
400104

000104
000l0s
000107

000110
000112
000114
a0e117
oool22

000E2s
000127
004140
000143

000145
000150
000150
000152

CICHAR

lsksisiaRs il Rtz iaia ez ieialaizisieindsiziniziaiasztXrhaRsied e el

PROGRAN TCHAR{THPUT +OUTPUT PUNCH« TAPE L+ TAREZ,

" TAPES=INPUT . TAPEG=0UTPUT » TAPE & 1=PUNCH)

500

600

602

10

12

603

il

13

610

HATHIAEN JCHAR FILE.
THIS PROGRAM WAS PREPARED BY

JOHN P, CLAASSEN
GLEN £+ ELLIOTT '

UMIVERSITY OF KANSAS CEWTER FOR RESEARCH.INC,
THIS PROGRAM WiLL STORE RADSCAT INSTRUMENT

CHARACTEHISTICS ON A HISTORICAL TAPE. THE HISTORICAL
TAPE §S INITEALLY PRERARED RY USING THE DIRECTIVE

GY00 5%
0000 1LY
nopelnsT
nogoladn
00001499
00001500

0g001501
0o00Lse2
000015013
00001505

SINITIALIZE® o TO APPEND NEW SETS OF CHARACTERISTICS THE

COMMAND “APPEND* WILL TRANSFER QLD SETS FROM TAPE UNIT
1 TO TAPE UNIT 2 AND APPEND THE NEW SET , NEW SETS aRE

READ FROM CARDS. PREYIOUSLY STORED SETS May
RE PRINTED OR PUNCHED BY USING THE COMMArDS PRINT OR
PUNCH RESPECTIVELY+ THE SET NO. HJST 8F DESIGNATED

THE SETS5 WILL H&VE BEEN STORED NUMERICALLY N ORDER ON
THE TAPE. TO HAINTAIN THE INSTRUMENT CHARACTERISTICS

IT 15 ADVISABLE T2 RETAIN THE OLD YAPE WHEN A

NEW ONE ONE 1% PREPARED, OLDEH VERSIONS MAY BE DISCARDED.

IT IS5 ADVISABLE ALSO TO USE A TAPE COMPARISON UTILITY
PROGHAM TO VERIFY THE TRANSFER.

NCS = FJLE COUNTER FOR THE OLD TAPE ALSQO SERVES AS
A FILE POINTER ON UNIT 1}

NCC = FILE COUNTER FOR THE APPENDED SETS

JOBT = ExXTERNAL DIPTCTIVE. SEE DATA STATEMENT
NUMBEP = NUMBER OF THE REQUESTED FILE

PAR = INSTRUMENT PARAMETERS

TDAT = DATE

HUM2 = SET NO. AS READ FROM TAPE

DIMEMSION PAR{160+4)« IDATI3}s ICPT (%)

DATA TOPT/IOHINITIAL IZE+SHAPPEND +SHPRINT «SHPUNCH/» NCS/0/
READ DIPECTIVE AND SET NUMBER.

READ(S.500) JOPT. NUMBER

IF {FOF+5) 45.2

FORMAT (A10415)

URITE (646001 JOPTsNUMHEP
FORMAT{IHY+//7* DIRECTIVE IS ©,4410+15)
CHECK DIRECTIVE
no 3 N=ie&
IFtJOPT.EQ.TOPTINI) GO TO(44+5y64+6) sN
CONTINUE
WRITE (6:601)
FORMAT (/% UNRECOGNIZED DIRECTIVE®*//}
CALL ABORT t2HUD)
FIND FILE
NCS = NCS+)
IF (NUMBER-NC5) T+B+9
IF {NUMBEP.GE.1) GO TO 10
WRITE(6+602) NUMBER
FORMAT (/72 1C SET NUMBEP®sI5.° DQES NOT EXIST.®,
4 REQUEST I1GNORED.®/rz) °
60 TO 1
REWTMD 1
1CS = 0
GO TO 6
NCS = I-1
WRITE (6+4608) NCSs+NUMBER
FORMAT (//° THERE ARE ONLY®IS.® FILES.®
¢ CANT FIND FILE®15//) .
REWIND 1
NCS = 0
Gan TO 1
FORWARD SPACE TO CORRECT SET.
NUM=NUMHER-]
DO 11 I=NCS.NUM
READLL)
IF(FOF«1) 12411
CONT INUE
READ INSTRUMENT CHARACTERISTICS
I = NUMBER .
READCL) NUM2,TDAT,PAR
IF(EOGF L) 12,13
NCS=NUMHER
WRITE INSTRUMENT CHARACTFRISTICS.
WRITE [6.610)
FORMAT {1Hlz/7)
nod 1S I=1+4
WRITEC{6:607) NUH? L IDAT«PAR(1.1)+PAR(Z241)PAR(D, 1)

113

00001506

20001508
00001509

Uo0001511

000015ke

Q0001514
00001515
90001516
00001517
0001518

00001520

00001525
00001526

40001229
00001530

00001532

20001534

00001536
00601537
00001538
00001539
80001540
000015}
000015a2
30001543

00001545
uoo01547

000l aR


http:FORNAT(AIO.I5

Q00174
00Cl 4
000176
000200
000203
poozas
Q00222
000245
0002487
000251
0ho2shn
000274

000277
000301
000302

000333
000333
400325
0490 337
00ul4al
000364
000364
000366

000416
000420
opuaz2
D0he2s
000451

006a52
000454
000455
000461

000461
Go0a72
00GaTS

400477
000510
000510
000521

0gs22
000524
000526
000531

000531
0095233
1] 1:3-3:3:9
000560
000603
0006905
000607
nosel2
poes27
000632
000651
000674
00U677
ooo722
000724
000726
00073
000746
000751

000772
001003
001005
0ololl
001011
001012
oplo2d
001026
001033
0el103s
[ T
001042

ORIGIN

OF POOR

603

is
604

15
C

FORMAT (7% SET®1I5%s%  DATE* 3157 15,4+5XKeAl0+E15,4)
No 14 J=haTheT
L=Jeh
TF LT %) L=7%
WRITI (60604 IPAR(E 1) o K= Jo L)
FORMATATELS,.4)
ARITEAL6+603) NUI2  JIDATSPAR(7He ) sPARITT 1) +PARLIALT)
RO 15 J=T9+16047,
L=Jeb
IFIL.GT.160) L=160 \
WRITE (63604} {PAR{K» 1) eK2Jull)
JF{n.EQ,3) GO TO i)
PUNCH 1C#S.
no 17 I=l.¢
LL=}
WRITE (43:4303)  HUM2+IDAT ¢PAR(Y+T) +PARI24T) 4 PAR(I4 1) s
HUHRERs s LL

4303 FORMATIGIS+IOX+E1C.D+A10«E20.,3v12X012+11415}

16
4304

17

[ Nuy]

5

605

18

o

o
a

NO 16 J=ha 7547

LL=LL+1

L=J+b

WRITE (43+4304) (PAR{Ks I} aK=JeL}  NUMBERs 1 4LL

FORMATI(TETIO 342X+ JPs11+1I5}

LL=LL+i

WRITE (43+4302} NUMZ ¢ IDAT sPAR{I 11 +PAR(Z2+1}+PAR(3+ 1)
HUMBERs [+ LE

PO LT J=T941060.7

LL=LL ]

L=J+6

WRITE (4344304 (PAR(K+]) sK=JsbL) «NUHBERTLL

G0 TO 1

COPY OLD ICH#5

REWTND 1

HCS £ O

WP ITE {5+6405)

FORMAT(1Hle» THE FOLLOYING IC SETS WERE COPIED FROH #4
BTHE OLQ FILE®./

# SET NUMHER 1D NUMBER DATE®)

READ(]1)} NuM2+IDAT¢PAR

IF(EGF+ 1) 4419

19 HNES = HCS+}

606

WRITE(6+606) NCS«NUY2+TDAT
FORMAT (3X+ 159X+ 15+3X+ 315}
WREITE (2} NUM24 IDAT +PAR
G0 10 1B
READ NEW SETS.

4 NCC = NCS
26 "NCC = NCGo1

607

25

20

22

23

OO
29

30
35

&0
609

a

R ITE(6+60T)
FORMAT(1H]1/® THE FOLLOWING IC SETS WERE APPENDED TO ©
OTHE OUTPUT FILE.®*)
no 23 I=i+a
READ(5+4303} NUMBERIDATWPAR(I+I)+PAR(2+I31PAR(ZVI)
TFIEOF +5) 40+20
WRITE [6+603) HCCoIDAT+PAR(1+1) sPARIZsI) oPAR(3 1}
NO 2] J=6:T547 *
L=J+6
1F(L.6T.7S} L=75
READ(S+4304) (PARIKs T s K=JoLl)
IF(FOF 45} 4021
WRITE (546041 (PAR(Ks 1) vKaJsl)
READ{S+4303) NURBER,IDAT+PAR(T76+1) +PARITT411 +PAR(TB 1)
IF(E0F+S) 4,22
WRITE (646031 NCCyIDAT«PAR(TS¢T) sPAR(TT+ 11 4PARITE, I}
No 23 J=2T79+160+7 !
L=J+b
TFIL.GT.160) L=160
READ (514304} (PAR(Ke I +K2JsL)
IF(FOF+S) 4023 .
WRITE (6+604) [PARIK ) 2 K=JsL}
APPEND IC2S
WRITE {2) NCCsIDAT PAR
IF{JORT.NELIORT (1)} GO TO 29
WRITELG800)
FORHATI//710XK*FILE TNITIALIZERS/ /)
sT0PR
READ(5+5003 JOBT, NUMBER
TF (FOFS)  45,3¢ -
LF( JOHT JE0. [OPT{2) } 26,35
E'UFILE 2
GO TH 2
WRITE 4,609}
FORMAT (/70 UNSATLISFIED READ.®.
s INCOMPLETE SLY OF CHARACTYERISTICS®//)

Figure C~2. (continued)
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QUALITY!

Hooo 51
no001592
#o0nl1uo i
V0001554
00601555

000031557
90003558
0o00e1n59
Yooe1Hhon
00001561
00001562
00001562
V0001564

ve001566

00001508
00001569
00001570
00001571

00001573
000

v000157S
60001076
00001577
$0001578
00001579
00001580
bO0Q}oB3
600091584
000019281
40001545

00001587
60001548
00001539
00001590
00001591
00001592

0000159
00001595
00001597
00001598

00001601
00000602
00001603

00001606
vGe01607
¢0001608
00001609

00001611
nooptel2

00001615
00c0ible
00001417
o0go16l8

00001020
0gopLwe2


http:IF(FOF.SI
http:NCC,[OATPAR(76,Il.PAR(77,I).PAR(78.Il
http:NUMUER,IDAT.PAR(76,I),PAR(77.II.PAR(78.l1
http:IC(L.GT.75
http:NUMSERIDAT.PAP(I.I)PAR(2.I),PAR(3.II
http:WRITE(43.4304)(PAP(KXi)K=JL)uNUH8ER.1.LL
http:FOR'1.T(7E0.3.?X.1?.1.15
http:WRIT(43.4304)(PAk(KI).K=J.L).NIJMBERI.LL
http:I[IAT.PAR(76,I),PAR(77,I.PAR(IR.1I
http:Ir(L.GT.75

Q01042 CALL ABORT, (ZHIC)

001044 45  ENDFILE 2
00104n STOP 000016?2
00050 END OOOO]bdZJ=

SUBROUTINE ABORT(A}

C
c HALT PROGRAM [N CASE OF ERROR
C
600003 WCITE (6+4100) A .
0Qooll 100 FORMAT (10X%,10HABORT CODEs1X,A10}
000011 ENDFILE 2
00013 B=A/s0.0+1,0
000017 eTnp
000021 Erad)

Figure C-2. (Continued)
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III. DEFINITICN OF VARIABLES

The varidbies employed by ICHAR are defined in Table C-1,

Table C~1 Definition of Varidgbles

NSC = File Pointer for File Code 01

NCC = File Pointfer for File Code 02

JOBT = Job Instruction

NUMBER = File Number to be Printed or Punched
CIOPT = Array o;c Recognized Instructions

IDAT = Date in Parameters

NUM2 = Set Number as Read from File Code 01

PAR = Set of Instrument Parameters
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APPENDIX D

PROGRAM TDUPE

1. INTRODUCTION

Program TDUPE is a translation and duplication program which prepares an
integer version of the output tape. It is intended that copies of the integerized tape
be sent to the investigators upon request for use on other compUting machines. A
utility program may be used fo prepare additional copies. This appendix describes
the design and operation of TDUPE. Helpful to the reader are the flow charts of
Figure D-1 and the program listing of Figure D-2.

II. DESIGN AND OPERATION

Action in TDUPE is initiated by an external control cord specifying the
files, by mission and flight, which are to be copied. A file counter is initialized,
file unit 1 is rewound, and the instruction. is listed, The labels on the files are
examined and compared with the instruction. Files not having the designated
mission and flight are bypessed until one is found. At this fime a record counfer is
initialized. Then the instrument parameters are read, scaled, and integerized. The
file heading and instrument parameters are transferred to file unit 2. The file heading
is also listed on the printer and the file counter is incremented. )

Consecutive records are then read, scaled and integerized. In each instance
the record counter is incremented. The records are accumulated in blocks by
subroutine WRITE2 and transferred to tape unit 2 when the block is filled. The
terminating block is filled with integer zeroes when there are insufficient records to
fill it. When the file has been exhausted, an EOF is appended to the transferred .
file and a message is given to indicate the number of records which have been
transferred.

The search for additional files continues until the end of the reel is

encountered. At this point another instruction is sought. The program terminates

17



(1)

MESSAGE

READ
INSTRUCTION HAVE FILE
MiSSION FLIGHT — —

¥

BY PASS
FILE
[4

WRITE END
OF REEL

| : INITIALIZE
RECORD COUNTER
INITIALIZE STOP
FILE COGNTER ‘

y READ
INSTRUMENT
LIST PARAMETERS

INSTRUCTION 1
6

¥

SCALE
INSTRUMENT
PARAMETERS
READ FILE v
LABEL INCREMENT
1 ' FILE COUNTIR
¥

TRANSFER
[ INSTRUNENT

PARAMETERS
2

TASK
COAMPLETI ON
MESSAGE
6

WRITE FILE

. HEADING
2,6

FIGURE D-1. DESCRIPTIVE LOGIC DIAGRAM
FOR PROGRAM TDUPE

ORIGINATL PAGE 118
OF POOR QUAI?T{?



READ DATA

RECORD
1
TRANSFER
[COMPLETION
MESSAGE
6

@ | ENDFILE 2

ENCREMENT
RECORD COUNTER

SCALE DATA

|

TRANSFER ORIGINAL PAGE 15
SCALED DATA . OF POOR QUALITY

.

FIGURE D-1. ({(continued)
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PROGHAB TOUPE CINPUT s OUTPUT s TARL L« TARPL? « TAPL S ENPUT« TARE G=0UTPUTE 00001 1R

C AL REY]
C TAPE, THAHILATION AND DUPLICATION HOUTENE L L]
c . w000l 34
c THIS PROGHAM WAS PHEPARED AY 00001 142
c w0001343
[« JOHN P, CLAASSEN pO0aL 3as
[ u30]3ug
C UNIVERSITY OF KAHYAS 000013456
I CEMTER FNH RESLARCH 00001347
c 50001340
C N0l 34a9g
C THIS PHOGRAM PREPARES A MASTER OUPLECATE TAPE OF THE we001350
c RADSCAT QUTPUT TAPE FOR USE ON OTHEKR MACHINES, OTHER np001301
[t COPIES OF THE MASTER DUPLICATE TAPE MAY BE PREPARED [T
[ BY USING AN IN-HOUSE UTILITY PROGRAM. THE OUTPUT DATA 00001353
c RECOHDS ARE TRANSLATED TO INTEGER FUHMAT AFTER a0001354
C HULTIPLICATEON BY AN APPROPRIATE SUALE FACTOR. 0p001355
[ MESSAGES ARE LISTED TO INDICATE THE STATE OF THE By001356
Cc TRANSFER, uwp001357
[= 00001 3SH
C CONTROL PARAMETERS - 000013%9
[ 00001360
c HISFLT = MISSION AND FLT OaTa 7O BE DUPLICATED 00001361
[ 00001362
c INPUT /DUTPUT PARAMETERS 000013563
[ 00001364
[ THEAD = FILE HEADING 0e00136s
c LCHAR = INSTRUMENT PARAMETER LABEL 00001366
C ICHAR = INSTRUMENT CHARACTERISTICS op00liey
C DATA = [NPUT HECORDS Uo00 1368
[ IDATA = INTEGER EUUIVALENT OF DATA 00001369
[ TARRAY = OUEPUT RECORDS® 00001370
c - 00001371
[ WORKING PARAMETERS opdol37e
c 00001373
c NGF = NO. OF FILES 00001374
c IREC = NO., OF RECORDS IN A FILE 00001375
[ IEQOR = ®END OF REEL® - 00001376
C 04001377
[ u000l37a
000003 DIMENSION IHEAD(9)s ICHAR(1607+ DATA(20)s IDATA(20), 08001379
® JARRAY(20), 1EOR({2}s MISFLT{2), LCHAR(4) 000013840
notoo3 DIHENSION RPAR{TS)+« SPAR{3S), SFACT{15} QuE013a3]
000003 LOGICAL EOF)
006003 ENUIVALENCE (ICHAR[1Y+RPAR(]1} )+ LICHAR(T6)SPAR(L)) Q0091382
Qpoe03 EQUIVALENCE (DATA{1Y. IDATALL)) 040061383
400003 DATA SFACT/1.0E10y 1aCr 140ESs 1e0ETr 1.0EDe 321.0+ 4210.09 00001384
e 1.0E3,22190.0/ 00001385
poooonl DATA IEQR/IOHEND GF REE«1HL/ 00001386
[ 0O00E38Y
C READ THE DIRECTIVE 00001388
c 000601339
000003 10 READ (5.1000) MISFLT 00601330
000011 1000 FORMAT (2I1Q) 00001391
0o001i IF (EQF 5} 20430 00001392
cC e0001393
[ WRITE ®END OF REEL® 00001394
c 30001395
000014 20 WRETE (21 IEORs ([+I=399) 00001 395
oooo2e sSToP 00001357
C 00001394
C TRITIALIZE FILE COUNT 00001399
c 00001400
ppo030 30 MOF = o 0000140]
000031 REWTAMD 1
000033 WRITE (5+2000) HKISFLT 00001402
000041 2000 FORMAT (1H1.11X, ®WILL PREPARE COPY OF DATA FROM HISSIONOIS.® ANDOOOOL4D3
® FLTe13/7/7) 0000106
0000a] a5 SEAD {1} IHEAD 4000105
[& - . Bob0le96
< CHECK FOR END OF REEL ooR01407
c 00001408
0000u6 no 40 1 = 1.2 BO0014bs
0ouoso 40 IF {IHEAD{TY .~E. [EOR(I}) GO TO 50 00001510
000054 WRITFE {&.3000) NOF ' 10060111
Gotoe] 3000 FORMAT (r/7)1X+15% FILES HAVE BEEN TRANSFERRED 0o/r./) 00001-12
0p006) a0 TO 10 Qo003
C . | 00001a14
C CHFCR FOR FILE NAME vOpOE-15
[ ueools s
pevde? S0 B 60 [=142 00001~ LE7?
00006 60 IF (IHEADCI) «NE. MISFLTI(1}} GO TO 70 ' 00001414
000070 G0 70 90 v 4 ' u000lalg
0pDUT0 70 WRITF{5+4000) [EHEADCIY A 1=LaP)1s MISFLT vo001420

IGURE D~2. SOURCE LISTING FCR TDUPE
1P I
120 @RXGT(%L QUALITY
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http:00001.15
http:00001.04

000104

4000
5

a0n

060104
opo107

a0

a0on

00012
00CE13

90

aon0

000122
000125
000127
000134
000137
g0alaez
600143
000150
060153
000155
000162
000164
000171
0600173
000200
goozl2

91

9e

93
96
97

5000

ooo0

000212
0002l4
000221
000230
000232
000234
0002494
000244

0oi2as

000246

600250
000253
0003254
00U257
600261
000263
00uZ6L
000267
00g272
000275
009274
000277
000302
000304
000307
000312
000315
000316
000321
Q00224
0ou3ar
000330
000331

95

100
6000

o0 o006

12¢
130

FORMAT (11X, *FILE HEADING * 2iS * DOES NOT AGREE WITH NIRECTIVE 00001421

#2[6) uooplace
00001423
BY-PASS UNWANTED FILE . VOD0142ca
0000145
READ (1} 00001426
IF (E0F+1) 3%.80 00001427
.00001438
INITIALIZE RECORD COUNT 000914429
00001430
feEe = @ 00001431
READ (1} LCHAR.» ICHAR 00001432
00001433
SCALE AMND TRAMSFER INSTR., PARAMETERS 00001430
00001435
TCHAR(L)=RPAR(1)1*1.0E-& 00001436
No 91 1=3.20 00001437
TICHAR (1 )=RPARII)*]1.0E4 00001433
TCHAR(Z1)=RPAR(21)%}0.0 00001439
ICHAR(22)=RPAR(22)1#10.0 00001440
nM 92 1223475 00001441
JCHAR(I)}=RPAR{I)%*],.0E4 00001442
TCHAR(T6)=SPAR{1) 1. 0E~6 0G001443
no 93 1=3.16 oo0Od At
ICHARI[I+7S)=SPAR(EY#] .O0EL 00001445
NN 96 1=17+31 . 00001446
ICHAR(I+75)}=5PAR(1})#5FACT(I~]6) 00001447
no 97 [=32+85 00001448
ICHAR(I+75}=5PARII) "] ,.0F4 00001449
WRITE {5.5000) (IHEAD{I)sI=147) 00001450
FORMAT {/11Xs®HAVE MISSION#ISs2? FLT#I44% DATE®3IS# FLT LINE*A6+00001451
# RUN®ID) 00001452
00001453
UPBATE FILE COUNTER. 00001454
060001455
NOF = NOF + 1 00001456
WRITE(2} I1IHEAD 00001457
WRITE(2) LCHARs ICHAR 00001458
CALL READY(DATASEOF1}
IF{,NOT-.EQF1) GO TO 110 .
WRITE (546000} IREC+NOF 00001462

FORMAT {//11X+14* RECORDS HAVE BEEN TRANSFERRED FROWM FILE® 13///100001462

CALL ENDF2
GO TO 35 0001464
20001465
UPDATE RECORD COUNTER. 00001 .66
U000 1467
IREC = IREC + 1 . v0001468
00001469
SCALE AND TRANSFER RADSCAT MEASUREMENTS. 00001470
00001471
TARRAY (1} =DATA{1I%#100.0 00001472
1ARRAY (2)=IDATA(?) 00001473
TARRAY (3)=DATA(3)2100.0 00001474
TAPRAY (4) =DATA (4) 210040 00001475
TAQRAY (5) =1DATA(S) 00001476
TARRAY (6)=IDATA(6) v00G1al?
TARRAY (7)=DATA{7)%10000.0 00001478
IF (DATA(8} LT. 1.0E~03) GO TO 120 V0001479
TARRAY (8) = DATA(8)#1.0 E06 00001440
TARRAY($1=1000000 ¢0001441
G0 TO 130 0000)u42
TAYRAY (8} =NATA (31 R1.0C+09 00001403
TAFRAY (9)= 1000000000 00001404
TARRAY {10} =DATA(S)1#100.0 000014485
TARRAY (11)=DATAL10)#%100.0 00001486
TARRAY(12) = DATACI1)¥10000.0 00001487
TARRAY (13)=1DATA(L2) 000014383
TARPRAY (14)=DATA(13) %1 0.0 00001439
TARRAY[15)=DATA(14)%100.0 00001490
TARRAY[16)=DATA{15)2100,0 80001491
CALL WRITEZ{IARRAY)
no TO 9% 00001493
E4D 00001494

Figure D~2. (Continued)
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http:00001.93
http:00001.66

000005
006G005
000005
0000605
000005
000005
000007
00Cc014
000020
000023
000025
000035
000036
000041
000042
000045
000051
000052
000053
000054

000003
000003
000003
000005
000015
0000106
000021
000026
000027
000030
000036
000042
000043
000044
000054
000061
000062
000064
00006%

10

20

90

100

30

20

25

] E v

SUBROUTINE READI(IDATALEOQF1)
DIMENSION IDATA(Z20) s IBLOCK(20+20)
LOGICAL FOF1
NDATA NOEX/s0/
FOF1=.FALSE .
IF(NCEXNE.0Q)
MNE X =1}

READ(]) TIBLOCK
IF{(FOF+1) 100+10
IF(IRLOCK (1 +NDEX)EQ.0Q}
N3 20 I=1-20
IDATA(IY=IBLOCK (1 sNDEX)
NDEX=NDEX+1
IF(NDEXGTW.20)
RFETURN
CEADC(L)
IF(ENF 1)

GO 106 10

GO Y0 90

NDEX=0

10090

. EnFlonRUEo ]

’\irJEX=0| H
RFTURKN
FD

SUBROUTINE WRITEZ
DIMENSION IBLOCK (204520}
DATA INDEX /1/

DN 20 1 = 1.20
IBLOCK (I« INDEX}) =
INDEX = INDEX + 1
IF (INDEX oLEe. 20)
WRITE (2) IALOCK
I,I\IDEX = 1

RETURH

ENTRY ENDF 2

IF (INDEX ot Es 1)
DO 25 I = INDEX,20
N0 25 J= 120
IBLOCK(J+I) = 0
WRITE (2) IBLOCK
INDEX=]

ENDFILE 2

RF TURty

{JARRAY)
TARRAY (])

TARRAY (1)

RETURN

GO TO 3¢

‘ap POOR. QUALITY

Figure D~2. (Coniinued)
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when there are no cdditional instructions. However, before terminating an end
of reel statement is written on file unit 2,

The variables are defined in Table D-1.

Table D~-1 Definition of Variables

IHEAD = File Label
LCHAR = Instrument Parameters Label
ICHAR = Instrument Parameters
DATA . = Input Records
IDATA = Integer Equivalent
IARRAY = Output Records
IEOR = 1THEND of Reel
= Scale Factors

SFACT
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APPENDIX E

SPECIAL PROGRAMS

[. INTRODUCTION

Two special engineering routines WIDTH and GAIN prepare several antenna
parameters essential fo the reduction of the scatterometer data. WIDTH computes the
equivalent beamwidth of the RADSCAT antenng; whereas GAIN computes the antenna
directivity, Other parameters of specidl interest to antenna engineers are also
computed in GAIN., These programs are provided with the realization that the
anfenna pattern may eventually change through an alferation & the antenna. In
this case the equivalent beamwidth and gain should then be recomputed based on
hew pattern information and the instrument parameters changed accordingly.

Each of the programs are described below. Operating instructions are given in

Section IV F of the main text.

I. PROGRAM WIDTH

The theory for this program wés described in Appendix A, Section III B,

In that development it is apparent that the equivalent beamwidth is given by

L. 2 w .
g = Jo [T P sine ds s )

where P(B®) is the normalized power paftern function described in the standard spherical
coordinate system (r , 8,9 ). When the pattern is elliptically symmetric, the

integration may be limited to one quadrant in which case

L]

I > "&"/2
beg = \/—};— [ [ 7P, ey sime 4o dp @)
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Here it is assumed that the main beam lies on the x—axis as shown in Figure E-1.
It is convenient to work in terms of elevation angle ¢ rather than polar angle

in which case

=
Be$ = /-f;rg _rjjo/e Pa(e,cb) CcOS € de d¢ (3)

Since quadrature techniques usually require rectangular domains of integration, it is

necessary to apply the fransformation

LP = 8Lmn & (4)
so that

apnl 2 ’
Beq = /—;-r‘-g-fo L PO, 0) dp df (5)

The full limits of integration are not necessary since the integral converges
rapidly over the main beam. Program WIDTH whose listing Is shown in Figure E=2
use this property to advantage. As shown in the driver routine, the upper limits of
integration are progressively increased by 1/2 degree intervals.in €. The convergence of
the equivalent beamwidth can then be observed as the domain increcases to include
more of the beam.

A Gaussian—legendre quadrature technique is employed to perform the double
integration. This technique is embodied in RINTEG. The reader is referred to Klerer
and Korn* or any other advanced text on numerically techniques for a discussion of
this technique.

The main beam of the RADSCAT antenna pattern is functionally represented
in the FUNCTION subroutine FUN., RINTEG calls FUN repeatedly to evalute the

pattern function squared.

*Klerer, M. and Korn, G. A., "Digital Computer Usels Handbook," McGraw-Hill
Book Company, 1970. ’
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FIGURE E-1. ANTENNA PATTERN GEOMETRY FOR WIDTH
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400003
Q00003
000003
000007
006007
00013
Qooolz
000615
Q00017
oopo2l
oogoeZ3
000024
000025
600030
00001
000047
000056

000056
000060
gonos2

0000556
Q00057
000056
0000670
000071
f00072
000105
000110
000112
000114
000116
000120
000121
pooulz2z2
000124
000126
000130
000131
000133
000136
000137
0o0laz
000160
000162
000164
000167
000171
000174
000175

O0O0OAONOO000000000

300

PROGRAM WIDTH(QUTPRUT, TAPE6G=0UTPUT)

THTS ROUTINE ODETERMINES THE EQUIVALENT (PENCIL)
BEAMWIOTH

BEAMWIDTH FOR AN ANTENNA WHOSE PATTERN IS SPECIFIED

IN SUBROUTINE FUN. SUBROUYTINE RINTEG INTEGRATES

THE PATTEHRN BY A QUASSTAN (LEGENDRE} GUADRATURE METHuD.
INTEGPATION ARE REPETIVELY PERFORMED AT ONE DEGREE
INTERVALS OUT TO SIX DEGREES. THE EQUIVALENT

BEAMWIDTH 15 CHOSEN FROM THE LISTING AT THE POINT AT
WHICH THE VALUES BEGIN TO CONVERGE

THIS PROGRA* WAS PREPARED BY
JOHN P, CLAASSEN

UNIVERSITY OF KANSAS
CEHTER FOR RESEARCH.

EXTERNAL- FUN

NATA PI/3.14159265/ -
WRITF (6543001

FOQRUAT (1H1//)

WRITE {(6+100}

100 FORMAT{30X5(1H*),25EARCH FOR THE EQUIVALENT BEAMWIDTH®#S(IH®)//)

200
20

30

490
50

60
70
80
90

nn 20 I=1+6

X2 = 0.01745329252FL0AT (1) ®0.50 *
¥2 = X2

X2 = SIN(X2)

X1 = 0.0

¥yi = 0.0

Ix = 10%1

CalLL RINTEG (FUNs Zs X249 X1 Y2 Y1y IXse IX9 Gy 4)

BFAI = SORT (16.0%Z/P1)/0.0174532925

WRITE {64200) I «BEAHM

FORMAT (10X *ACTIVE BEAMWIDTH IS 213+% DEGREES+ WHEREASH,
# THE EQUIVALENT SEAMWEIDTH [S#FS.g2+% DEGREES®}

CONTINUE

STOP

ELin

DO 30 I = ]1sMP
SY(I} = SAMPLE(MP.I)®HDELY

CONTINUE

N0 50 I = 14NP

DO 40 J = 1«MP

Ci{IsJ) = COEF{(NP«])®COEF (MP+J}
CONTINUE

CONT INUE

NO Q6 N=1l.Nx

X1=sX2 .
X2=X1+DELX

XM = .X1 + HMDELX

Y2 = Y1iP

N0 Al M=1+MY

Y1 Y2

Y2 = Yl + DELY

YM = Y1 + HDELY

N0 70 Ix].MP

X=SX ([} +XHM

no /0 J=14MP

Yhy {J) +YH

SUM = SUM+C I+ JI*FUN{XeY)
CONTINUE

CONT INUE

CONTINUE

CONTINUE

77 = SUMPDELX®DELY*%0,.25¢
RF TURN

END

FICURE E~2. SOURCE LISTING +#C& WIDTHi

ORIGINA7 127
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00000001
00000002
00000003
00000404
¢000000%5
00000006
00000907
300000043
06000009
00000010
voooo0ll
oogopole
40000013
Gooooola
00000015
6Qopo0l6
60000017
¢ooppola
00000019
00000020
00000021
20000022
00000023
00000024
00000025
00000046
00000027
00000023
00000029
00000030
00000031
00000032
00000033
00600034
00000035
00000036
00000037
00000033
00000039
00000040

00000083
000009084
00000085
00000086
00000087
00000088
00000089
0000090
060000091
agoooug2
00000093
00CO00vG
60000095
00000096
00000097
66000054
00000099
00000100
60000101
voggoloz
00000103
00000104
0000010S%
00000104
00000107
udoonolaa
00go0le
0ooqollo
w00006111



;UMRDUTINE RINTEG (FUNZ2Z+X2P 2 X1PY2P Y [Py HNK s MMY 3 NNP 5 HHE? ) 00000651

(v THIS ROUTINE EMPLOYS A QUASSIAN LEGENDER QUADRATURE 00000042

c INTEGEATION PROCEDURE. INTEGRATION OVER x-Y SEGMENTS 00000043

I ARE PERFORMFD AFYER TRANSLATION 70 (~1»1)X(-ls]t. 000 0Q0nL

o FUN= INTEGRAND FUNCTION ! R 00000045

¢ ZZ = BITHER A PARAMETER FOR FUN OR THE INTEGRATED RESULT 00000044

c OR §oTH i 00000047

c X2P,X1P = UPPER AND (OWER LIMITS ON X . 00000043

C Y2peY1lp = UppLCR AND LgWER LIMITS N Y 00000049

c NX+MY = SEGMENTS IN X AND Y, RESPECTIVELY 00000050

c NP «HP = DEGREE OF PRECISION [N X AND Ys» RESPECTIVELY Q0000051

000015 DIMENSION SAMPLE (5«5} sCOEF (545)35X(5)+5Y(5),C(5,5)+5V(25)CV{25) 20000052
00001% EQUIVALENCE (SV(1)+SAMPLEC(L1+13}s {(CV(1)+COEF(1s1)} 00000U5]
00001% DATA SVY/ 00000054
4 1,04 =0.57735026% -0.T774596669. -0,861136312y -0,.906179846, 000600055

B 1.0 0577350209 0.0s -0.339981044, ~0.538469310, 00000056

¢ 1.0e 0.0 776596669 0.339981044s 0,00 00000057

% 140y DeDr Doy 0.861136312r 0.538469310 00000058

® },0s 0+0+ 0.0+ 0.0r 0506179846/ 00000059

000015 NATA CV/ 00000060
4 1,04 1.0+ 0.555555556+ 0.347854845+ (.236926885. 00000061

% 1.0y le0+ 0.BBEBBEBBY. 0.652145155, 0.478628670, 00000062

% 1.0s 0+0s 0.,555555556+ 0.652145155 0.568885A88, 00000063

+ 1.0y 040+ 0.0, 0.347854845s 0.4TB62B6T0, . 000000564

. 4 1.0y 0ely 0,0+ Qe 0.236926885/ 00000055
000015 SUM = 0.0 00000066
600016 X1 = xip 00000067
00Col7 X2 = x2pP 00000068
060020 ¥l = YIP 00000069
000021 Y2 = Y2P 00000070
ooadz22 NX = NNX 00000071
0eo023 MY = MMY 00000072
000025 NP = HNNP 00000073
o026 MP = MMP 00000074
000030 DELX = (X2-X1)/FLOAT(NX) 00000V 75
060033 DELY = (Y2=-Y1}/FLOATNY) 00000076
000037 HDELX = DELX#0.50 00000077
000041 HDELY = DELX#0.50 00000078
oo004a2 X2 = X} 000000379
000043 DO 20 1 = 1.NP 00000080
000045 SX(I) = SAMPLE (NP, I)®HDELX * 00000031
000054 20 CONTINUE i . 00000082
i FUNCTION  FUN {XXeYY) 60go0ll2

c . THIS ROUTINE DEFINES THE SQUARE OF THE ANTENNA v0000113

c PATTERN OvER THE MAIN BEAM. v0000lla

000005 FsP = KX 00000115
000005 ESP = ATAN(ESP+SQRT(1.0-ESP=ESP)} 0000011e
000015 PHIP =YY 00000117
000020 AMXEP = AMAX1 (ESP+PHIP] G0000118
000024 IF (AMXEP +LE. 0.0291 )} GO To 1o 00000119
000027 IF {AMXEP JLE. 0.0349 ) GO TO 20 00000120
400031 IF {AMXEP .LE. 0.0611 )} GO To 30 00000121
000034 IF {AMXEP .LE. (0,105 } GO TO 40 oopoola2
000036 IF {AMXEP JLE. 0.628) 60 70 50 00000123
000041 FUN = 10.0F-359 00000124
000042 10 FUN = EXP { ~4690.2ESPPESP -32380.%PHIP#PHIP ) 00000125
000050 FUN = FUN®FUN 00000126
000052 RFTURH 20000127
000052 20 FUN .= EXP(-121.1%ESP-3280.%PHIP#PHIP) vg000128
000050 FUN = FUNSFUN 0000012y
000052 RETURM 0006001 30
googez 30 FUN = 0.0398%EXP(~821.%ESPHESP-1072.#PHIP*PHIP) 00000131
000071 FUN = FUNTFUN v0000!) 32
Q00073 RETURN 00000l 33
000073 40 FUN = 0.0159%EXP(~4R6,4ESPRESP~53,.64PHIP) 000001 34
to0l02 FUN = FUNSFUN 00000135
00uloa RETURN uo0001 3
000104 B0 FUM =0.00015G%EXP(~B.S59LSORT (ESPAESP+PHIP*PHIP) ) 00000137
0oGlia FUN = FUN®FUN w000l 38
ogclle RF TURN V0000139
o001le EHD uoooe140

3

@ﬁ Figure E-2. (Continued)
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[T, PROGRAM GAIN

A. Introduction

Program GAIN computes the antenna directivity, beam solid angle and, antenna

efficiency. The theory and design of the program is described below.

B. Theorz

The antenna beam solid angle is given by

ai 0w
0 =j j P(6,p) sinb do dé 6)
=2 4]

where

P (8,9 = normalized antenna pattern
8 = polar angle
= gzimuthal angle
p(8,4) represents the normalized power in the antenna pattern. It can be shown that
the antenna directivity T isrelated to § by the fol’!owling expression
< ar

M= = 7)

The antenna efficiency, on the otherhand, is the ratio of the power in the

main beam fo that in the entire pattern. Clearly then, the efficiency is given by’
2w 0 8; .
. o= P(6,¢) sin @ db d 8

where 8; is o polar angle which subdivides the main'beam. In the above expression
it is tacitly assumed that the main beam lies on the positive z axis as illustrated in
Figure E-3. 8i is chosen somewhat arbitrarily. Commonly 6 is chosen at the -3
dB point or at the first null of the antenna parterr;. For narrow beam antenna, the

latter is most appropriate for radiometric work.
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FIGURE E~3. ANTENNA PATTERN GEOMETRY FOR GAIN
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C. Design and Operalien ol GAIN

In the discussion which follows it will be helpful to examine the FORTRAN
fisting for GAIN as shown in Figurc E-4. Upon entry info GAIN, an array BEAM
in which various polarized beam solid angle Tactors will be stored, is cleared. The
main beam solid angles are then computed for various Oi spaced at 1/2 degree
intervals. The infegration of the antenna pattern is performed by RINTEG which in
turn calls for polatized pattern information from FUN1.  The results are stored in
BEAM. The accumulated solid beam angle is stored in TOTAL. The remainder of
the polarized beam solid angle is then compuled in the following statements.

At this point the anlenna gain is compuled and the gain and beam solid angle
are printed.

In the remainder of the program the power content in the cross—polarized
pattern (FUN2) is compuied and added to TOTAL, A DO loop terminating on 30
then computes the antenna efficiency at one degree intervals cut to 8 degrees. The
result is listed.

Finally, the total beam solid angle, including polarized and cross—polarized

confributions, is prinfted.

D. Subroutines FUNT and FUNZ

The antenna patterns deseribed in FUNT and FUNZ2 are actually represented
in terms of another coordinate system.” The relationship between the fwo coordinate
systems is illustrated in Figure E=3. In the primed system the pattern is described in
" terms of the elevation angle ¢  and azimuth @  as shown in Figure E=1, The
necessary fransformotions between the two are performed in the opening statements
of FUNT and FUNZ. The [atfor stalemenls simply evaluate the pattein over one of

six domains in FUN1 and over live domains in FUNZ2.
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GROGHAM GATN [OUTPUT. TAPE6=0UTPUT) 3 V0000162

C Be000143

C THIS PHROGRAM COMPUTES THE ANTENHA GAIM AND EFFECIEMNCY FROM 00000 a4

Cc ANTENMA (PUWMER) PATTERNS DESCRISED IN FUNI AHND FUNZ2. 1 00000165

c FUN] DESCRIBES THE POLARIZED PATTERN WHEREAS FUN2 DESCRIBES THE 00000146

G CRUSS=POLARIZED" PATJERN, ! o000 147

o ! QD00 LA

C THIS PROGRAI WAS PREPARED 8Y M 00000 14%

C 000001%9

C JOHN P, CLAASSEN 90000141

c 0ppo0lse

[ UNIVERSITY OF KANSAS CENTER FOR RESEARCH. INC. 40000153

C 90000154

0ooeo3 OIMENSION BEAM(10)+ EFF (10} G000015%
000003 EXTERMAL FUNI1 40000156
000003 EXTERNAL FUNZ - 00000157
Qouo0y DATA PI/3.141592657 n00001543
0000903 DATA FACTOR/0,01764532925/ . 00000159
0pooQol WRITF (05000 00000160
0ooo0T 500 FORMAT (1H1//7) 0000010l
000007 TOTaL = 0.0 eoQonlee
000010 oM 10 1 = 1.10 00000163
000012 BEAMIT) = Q.0 0000016«
000013 10 CONTIMUE 00000165
000015 Y2 = P1/2.0 00go0ies
govole ¥l = 0.0 0o0o0le7
000017 WITE (o.100) 00000168
000023 100 FORZAT(30X«+%ANTENNA GAIN AND EFFICIENCY FACTIORS®#//) 00000169
c 00000170

C CGMPUTE ThE MAIN 8EAM SOLID ANGLE 00000171

< . 00000172

000023 N 20 1 = 1.8 00000173
000025 X1 = COS(FIQAT(1I#FALTOR®G.50) v0000l74
000031 2 = COS(FLOAT(i-1)eF ACTORY(,50) 000001735
000040 CALL RIKTEG (FulNls Zs X2+ Als Y2+ Yls 2+ 90+ 3+ 3} 00000176
000051 BEAY (Ie]) = WEAM (1} + 4,09/ 00000177
000055 TOTAL = TOTAL ¢ 4.0°Z ' . 00000178
000057 20 CONTINUE 00000179
C 0Do00180

c CoMPUTE THE REHAINDEY HEAM SOLID AHGLE 00000181

C . ¢000082

Q00061 X2 = COS{6.0%FACTOR) 000001823
0000564 X1 = CO51120.0°FACTNY) u000018s
poo0TY CALL PINTEG (FUNls 79 X2+ X)o Y20 Yls 115+ 904 3¢ ) 60000185
000102 TOFAL = TOTAL + 4.0%/ ©0000186
C 0g00o0ls?

c CCHMPUTE GalN v0o000188

. p 00000189
0001405 GAIN] = 4.0°Pl/TOTAL ve060190
gh0l107 GAINZ = 10,0°ALOGLOIGAINEY 0000019]
Q00113 WRITE ( &+200) TOTALs GAIHL. GAINZ 00000192
o0ol2s 200 FORMAT ( Sx.oPOLAKIZED 'BEAM SOLTD ANGLE=%E]4,6/ 00000133
# SX¢CPOLARIZED GAIN=9E 14,6+° OR®F6E,1,2 DB2//) 000601 v

C 00000195

C COMPUTE THE CONTRIBTION FROM THE C+0S% PATTERN 00000196

c 20000137

00u12a 2 = 1.0 : nguoolIs
ooales X1 = CGS (FACTOR®5.4) 00000199
000132 CALL RINTEGIFUNZ ZoX2eX1¢Y24Y1vSawleheb} 00000200
000143 TOTAL = TOTAL + 4,092 00000201
C 000002062

C COMPUIE BEAY EFFICIENCY v0000203

c 6000020

000146 no 30 1 = 1.8 00000203
000150 EFF{I} = BEAM{1+1)/TOTAL 00000206
000152 WRITE (6300} 1+ EFFL(I) 40000207
000162 300 FORMAT(SX+®ACTIVE BEAPWIDTH IS #I3+% DEGREES.#, 00000208
& & (CQRRESPONDING EFFICIENCY [S¥F6.3¢ 8} 0000020%

00iGle2 30 CONTINUE 00000210
C Q000021

C WRITE THE BEAM SOLID ANGLE 00900212

C 00000213

000164 WRITE (b+600)} TOTAL 00000214
poo0172 400 FORMAT (/SX.<TOTAL BLAM SOLIN ANGLE=®El4.o} 00000215
pou172 srOp 00000216
poul7a Bl 9000017

FIGURE E~4. SOURCE LISTING FOR GAIN
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SUBROUTINE RIHTEG (FUNs ZZaXPPeX1P 0 YZP s Y1PaNNX s HHY o NN« HHP) 00000,

C THIS HOUTINE EMPLOYS A QUASSTAN LELENDRE QUADHATURE pogondly

c INTEGRATION PROCLODURE. INTEGHATIOM OVEH X-¥ SFGMENTS 06000220

[ ARE PERFORMED*AFTER TRANSLATION TO {=1+1)x(=1+1}4 0000022l

c FUN= TNTEGRAND FUNCTION 00000222

[ ZZ = EITHER A PARAMETER FOR FUN OR THE [NTEGRATED HESULT 00000223

G OR HBUTH 00000224

[ 2P+ X1P = UBPER AND LOWFH LIMITY ON X 00000225

c YZP»Y1P = UPPLR AND LOWER LIMITS ON Y 00000226

c NX+MY = SEGM+NTS 1IN X AND Y» RESPECTIVELY po000227

c NP+MP = DELGREE OF PRECISION IH X AND Y» RESPECTIVELY 00000228

000015 DIMEHSION SAMPLE (545) s COEF (S545) +SXA{S) oSY (510 C(5+45) + SV (253 4CV {25) 00000229
000015 FOUIVAEEMCE (SY{1}+SAMPLE (1+1)) s (CV(J)+COEF(1s1)) 00000230
000015 DATA 3V/ > 00000231
& 1.0, =0.577350269, -0,77459666%, ~0.861136312 -0.906179846, 00000232

& 1,00 04577350265 0,00 +02339981044y -0.535469310, ' 00000223

B 1.0+ 00 TT4596669 0.339981044 0.0 00000234

4 1.0+ 040 0.0¢ 0.B61136312. 0.538469310, ' 00000235

8 1,09 0a0r 0,00 0.00 0.906179866/ ! 00000236

000015 .. DaTA v/ N 60000237
& 1,0+ 1a0e 0.5555555564 0.34T854A4S, 0.226926A85, 00000238

© 1.0y 1a0+ 0,88B8B88R8%s 0.6521545155+ 0.478628670 00000239

# 1.0+ Ouls (,5555555560 D.0O52145155 0.5686008008, 00000240

® 1,0¢ 0.0s 0,0+ 0.347854845, 0.478628670, 00000241

2 1.,0¢ 0als Ouls 0.0s 0.236926885/ 000002%2

c 00000243

[ CLEAR SUMHMING VARIABLE 00000244

c 00090245

00c01s SUM = 0,0 00000246
c 00000247

c RE-ASSIGN INPUT ARGUMENTS 00000248

[ 00000249

000016 Xl = X1P - 20000250
000017 X2 = X2P ¢0000251
000020 ¥l = YIP 00000252
000021 Y2 = Y2P 00000253
googa2 NX = HNX 00000254
000023 - MY = MHY 60000255
000025 NP = NNP 00000256
000026 MP = MHP 00000257
c 00000258

[ COMPUTE LENGTH QF CELL SIDES 0000259

c 00000260

000030 DELX = (X2=A11 /FLOAT (KX} N 00000261
000033 DELY = (¥2=Y1)/FLOAT {MY} odoo0262
000037 HDELX = DELX®*0.50 s 00000263
000041 HDELY = DELX®0.50 00000264
[ 00000265

[ FORM SAMPLE FACTOR FOR X 00000266

c 00600267

000042 NG 20 I = L+NP Q0000268
00043 SX (I} = SAMPLE (NPsI}9HDELX 00000269
ppeos2 20 CONTINUE 00000270
c 00600271

c FORH SAMPLE FACTOR FOR Y 00000272

[ - a40000273

000054 DO 30 I = l.0P . 00000274
000055 SY{I} = SAMPLE(MP«+I)*HDELY ¢o0Q027s
000064 30 CONTINUE 00000276
[~ 00000277

c FORH GAUSSIAN WEIGHTS 000600278

¢ 00000279

000066 NO S0 1 = 1.NP 00000280
000067 DO &0 J = 1+HP 00000281
0ooo7o C(I¢J) = COEF(NP+I)®COEF (HP4J} 00000282
000104 40 CONTIMUE . 00000283
000106 S0 CONTIHUE 00000284
C 00000285

c INTEGRATE IN STRIPS OF DELX 00000286

¢ 00000287

000110 X2 = X1 00000288
000112 DO 90 N=leNX 00000289
000113 X1=Xx2 00000290
000115 X2uX1+0DELX 00000291
000117 XM = X1 + HOELX 000800292
c 00000293

c TNTEGRATE ALONG Y 00000294

[ 00000295

000120 Y2 = YIP 00000296
0o0t2} N0 A0 HsleMY 00000297
000123 Yt = Y2 00000290
000125 Y2 = ¥l + DELY 00000299
000127 YM = Y1 + HDELY v0000IVD
C 00000101

c TRANSFORM TO CELL (=1.11X{~ls1) 00000302

'QP;GE“S Figure E-4. (Continued)
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http:OELX-0.S0
http:OELX'0.50

oool50
eeol132
000135

009136
opoulel
000157
000161
000]63
boblet

000170
0oo173
G001 7s

ppoOeS
000013
000016
goo0ze
000024
000031
Q00034
BEO0«5
000046
009951
000052

000054
000057
000062
000064
000067

000071

000074

000077
ooelos
00g¢110
000123
000l2s

pao0lz24
000133
000133
ooolaz
opolae
ogols2
soe152
000162
poole2
400173
000173
4aoLT?
000201
600204
pooeeT

oag224
poue2s

anao

oO0

OAOGOOO0O0000000

(s X3¢l

&0
70
80
S0

100
200
300
4¢0

5040

T 600

-]

Ho 70 I=1.MP
X=SX{1)¢XHM
DO 60 J=1leMp

FORH PARTIAL SUM

¥Y=5Y (JYs¥YM

SUH+C(I+J} #FUNIXsY)
CONT INUE

CONT T NUE

SUN =

CONT ENUE
CONTINUE

APPLY JACOBIAN

ZZ = SUM®DELX®DELY®Q,.250
RETURN

E*D

FUNCTION FUN1 {X»Y}

SINX =
cNsy =

POLARIZED PATTERN

THIS FUNCTION SUBROUTIME EVALUATES THE PATTERN INTENSITY

[M THE PRIMED COORDINATE SYSTEH. THE PATTERN 15
EXPRESSED IM TERMS OF ELEVATION AND AZIMTH IN THAT

COORDIMATE SYSTEM. THE INPUT ARGUMENTS+ HOWEVER+ ARE

DESCRIBERD IM 8N UNPRIML[P COORDINATE SYSTEM RELATED
TO THE PRIMED SYSTEK By A ROTATION ABQUY THE
¥ AXISs THE BORE SIGHT IS ON THE X-PRIME AXIS IM

THE PRIMED SYSTEM AND ON THE Z AXIS IN THE UNPRIMED

SYSTEHM.

TRANSFORY TO PATTERN COGRDINATES

SORT{1.0 = X=X)
COsIY)

SINY=SOKT(1.0-COSY=COSY}
COSTP =~SINX2CO5Y

STHTP

SORT (1,0=COSTPRCOSTP)

THETAPSATANZ (SENHTP.COSTP)

PHIp=
APHIP
AESPP

ATANZASTHAUSINY + X3

ABS(PHIP)
ABS{]1,57079633-THETAP)

ESQ = AESPReAESPP
P50 = PHIP®PHIP

EVALUATE THE PATTERN FUNCTIONS

AMXEP = AMAX1{AESPP.PHIP)

IF (AMXEP JLE. 040291 ) GO TO 109

IF (AMXEP .LE. 0.0349 ) GO TO 200 v
IF (AMXEP L E, 0.061]1 } GO TQ 300 \
IF (AMXEP ,LE. ‘0,105 }+G0 TO 00

IF (AMXEP .LE. 0.628 ) GO TO S00
~STHTP=COS (PHIP) L
ATANZ(SORT {1.,0-X1<X1) 2 X1)

XI1D = X1$57.2957796

x1
x1

1IF (X
FUN1

1D

RETURN
FUN] = EXP ( =4690,%ESQ =-3280.%P5G }

RETUR

N

WLTs 100s «aND. XID .GTY. 604 } GO TO 600

2.0

FUN] =EXP{- 121.1%AESPP-3280,*P50}

RETUR
FUNY
RETUR
FUN]
RFTUR
FUN]
RFTUR
TANPS
P51 =
COSPS
SINPS
FUNT

N

N

]

0.,039B%EXP (=B20.7T2ESQ=1072. #P50Q)
0.0159%EXP(-486.2ESQ-53.6%APHIP}

= 0.000159°EXP{~8459°S0RT {(FSQ+P50) )

N
1

= STNTP/COSTPRSIN{PHIP}

ATANITANPSI)

CO5 (P5])wa2
SIH(PSI)=a2

[3.16E-D5eCaSPS +« 6.31E-06%SINPS)2

EXP(=(XID-80.)#"2/(100+*COSP5 + 36.#S1NP5))

RFTUR
EHD

2]

Figure E-4. (Continued)
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00000319
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00000321
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00000327
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0000336
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0000344
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00000355
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00000359
00000360
00000361
00000362
00000363
00000364
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00000367
00000368
00000359
00000370
0000371
00000372
00000473
00000374
00000375
0000376
00000377
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60000379
00000340
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000005
000013
000016
opaoz2
000024
000031
000034
0Q00a5
000046
Goo0sl
Qoooese

000054
000057
000062
000064
000057
000071
gooo72
000073
000103
000103
0odlil
000113

000123
000123
000133
000133

NOOOOOOOOOOO00a0

o0

100
200
300

400

FUNCTION FUNZ (X+Y)

SThX
COSy =
SINY=50
CasSTP =
SINTP =
THETAP=
PHIP=

APHIP =
AESPP =
ESQ = A
Ps@ = P

AMXER =
IF (AMX
TF (AMX
IF {AMX

CROSS-POLARTZED PATTERN
THIS FURCTION SUBROUTINE EVALUATES THE PATTERN INTENSITY
IN THE PRIMED COORDIMATE SYSTEM, THE PATTERN IS
EXPRESSED IMN TERMS OF ELEVATION AND AZIMTH IM THaT
COORDINATE SYSTEM. THE INPUT ARGUMENTS, HOWEVER. ARE
DESCRIBED IN AN UNPRIMED COORDINATE SYSTEM RELATED
TO_ THE PRIMED SYSTEM BY A ROTATION AROUT THE
Y AXIS. FHE BORE SIGHY IS ON THE A-PRIME AXIS IN
THE PRIMED SYSTEM AND OWN THE Z AXIS IN THE UNPRIMED
SYSTEM,

TRANSFOURM TO PATTERN COORDIMATES

SORT (.0 — X#X)

COS (Y}
RT{1.,0-COSY®COSY)
»SIMXHCOSY

SORT (1.0~COSTP®RCOSTR)
ATANZ (SINTP«COSTP)
ATANZ (SINX®SIMNYs X}

ABS (PHIP)}
ABS(1.57079633~THETAP)
ESPPHAESPP

HIP#PHIP

EVALUATE THE PATTERM FUNCTIONS

AMAX] (AESPP+PHIP}

EP JLE. 0.02%1 ) GO TO 100
EP +LEs 0.0349 )} 6O TO 200
EP JLEs 040611 )} GO TO 300

IF (AMXEP JLE. 0.105 ) GO 7O 400

FuNg =
RETUPN
Funz =
RETURN
Funz =
RFTURN
FUNZ =

RETURN
FUnNzg =
RETURM
END

0.0
0.0063%EXP {~4690.%ES5Q=-3280.%PSM
0.0063%EXP { -4600,4E30 -3280.2P5Q )

0.0002SHEXP (=821, ¥PS0-R2] . #ESQ)

0.000252EXP (-821-%P5S0Q-82] . *ESQ)

Figure E-4. (Continued)
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