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ABSTRACT

This report describes the -lgorithms used in com-
puting a navigation fix from data provided by receivers of
the 2-minute integrated doppler type designed to operate
with the Navy Navigation Satellite System. The theoretical
basis for calculating the change in range from the naviga-
tor to the satellite ae a function of the integrated satellite
doppler shift data is developed. The original receiver of
the integrated doppler type, the AN/SRN-9, is briefly de-
scribed in its developmental versions, designed by APL,
and its production versions, built by ITT. The Scripps/
ONR 702CA receiver, built by Magnavox and used for
oceanographic research applicatione of integrated doppler
navigation, is also described.

The geometrical basis of the equations for obtain-
ing a navigation fix is developed. The formatting and pro-
cessing of the receiver data for the navigation solution are
described preparatory to a presentation of step-by-step
proceaures for computing a three-variable navigation fix.
Procedures for calculating satellite alerts, using data
from the navigation solution, are also described. A repre-
sentative FORTRAN program for obtaining a navigation fix
and for calculating alerts is presented.

Information is alsc provided on scaling for the
navigation fix computations, on the calculations for a four-
variable (velocity north) navigation solution, on the pro-
cedures for applying a correction for tropospheric refrac-
tion, on a computer program for geodetic coordinate trans-
formation, and on nonstandard numerical computation
routines applicable to the navigation program.
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PREFACE

In support of the Naval Electronic Systems Com-
mand, the Applied Physics Laboratory is responsible for
the development and evaluation of integrated doppler satel-
lite navigation equipment and programs. In partial fulfill -
ment of this responsibility, this report presents the com-
puter program requirements for the 2-minute integrated
doppler satellite navigation computations. The report is
intended to provide all the information necessary for writ-
ing a digital computer program to obtain a position fix us-
ing data from the Navy Navigation Satellite System.

The information presented updates the program re-
quirements given in TG 819-1 (Ref. 1) and, in addition, in-
cludes the on-line data processing procedures that are re-
auired before the calculation of a real-time navigation fix.




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHRYSICS LABORATORY
SR VEL BrfiiNG MARYLAND

ACKNOWLEDGMENT

The combined efforts of the following individuals
are acknowledged for contributions to the preparation of
this report: R. H. Bauer, J. W. Casey, J. G. Cusic,

R. D. Faber, R. J. Finneran, G. C. Gutheim, H. S.
Hopfield, M. O. Marshall, G. W. Martin, C. E. Rehbein,
V. Schwab, and S. M. Yionoulis.

- vii ~

e A hatis Wkuaatt S AB% W Sedhd bbbt Gk Bhe et a0 By K0 S LHTR S 3.‘!

Bt e E R G 30 g s B i ¢




v Ty T T e T T Y P P T T T S e R ey S e T e o W T T T T o

~

THE JOHNS MHOSKING UNIVERSITY

E f r APPLIED PHYSICS LABORATORY
. W™
1
:
)3
CONTENTS
&
" List of Illustraticns . . . xi
List of Tables . . . . XV
i 1 Navy Navigation Saiellite System 1
. 2 Integrated Doppler Measurement of Slant
{ Range Change 5
- 3 Integrated Doppler Tracking Equipment . 9
-Z Developmental AN/SRN-2 Equipment. g
- Radio Navigation Sets AN/SRN-9
- and AN/SRN-9&8 . . . 23
i Navigation Satellite Receiver Set
- 702CA . . . . 31
4 Geometrical Basis of Navigation
Equations . . . . 35
Coordinate Transformations . 35
Satellite and Navigator Positions . 41
5 Data Types and Formats . . 51
Types of Data . . . 51
Data Formats . . . 54
6 Data Processing . . . 65
Initialization . . . 67
Test for Interrupt . . . 69
Interrupt Processor . . . 70
ID Code Sequence . . . 70
Receiver Interrupt . . . 72
Subroutine IDLE . . . 72
Subroutine IDL2 . . . 3
First Two-Minute Message . . 73
Second Two-Minute Message . . 76
Third and Fourth Two-Minute
Messages . . . 82

- iX -




AT

BILVER SPRING MARYLAND

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

CONTENTS (cont'd)

Two-Minute Messages Nos, 5-9
Message Deviations . .
Subroutine NAV . . .
Nonreal-Time Data Processing

7 Three-Variable Navigation

Method of Solution . .
Solution for Navigation Fix and Alert

Calculations . . .
8 Fortran Program Jor Three-Variable
Navigaticn Solution and Alert
Calculations . . . .
Subroutines

Program Listing

9 References . . . s

Appendixes

A. Flow Charts for Data Processing
Program and Fortran Navigation
Program . . .

B. Fixed Point Scaling

C. Four-Variable (Velocity North)
Navigation .

D. Tropospheric Refraction
Correction . . .

E. Computer Program for Geodetic
Coordinate Transformation

F. Glossary of Terms for Navigation

Solution Computation . .
G. Nonstandard Numericail Computaiion
Routines . . .
- x -

At i e

88
88
92
96

97
97

101

123

123
127

17

173
201

221

233

243

269

273

’
Poh bt o X0 2 rs RIS DI

NAR ¢ AU Al Heaiadsha v

e
SR

PRw AT BRI

A

Aot RO

-1

.
]

i, R ,

e




XTaes 4]

TRAT

- TS
e n e A

THE JOHNE HOPXING UNIVERSITY
APPLIED PHYSICS LABORATORY
SILVER SPRING MARYLAND

10

11
12
13

14
15

ILLUSTRATIONS

Navy Navigation Satellite System

Block Diagram of AN/SRN-9
System .

Slant Range Measurement

Block Diagram of Satellite Integrated
Doppler Navigation Equipment,
Single-Frequency System

Block Diagram of Satellite Integrated
Doppler Navigatiocn Equipment,
Dual-Frequency System .

AN/SRN (XN-5) Receiving
Equipment

Communication Link Modulation
Waveforms

AN/SRN-9 (XN-5) Refraction Channel
Waveforms

AN/SRN-9 (XN-5) Control Group-
Printer Configuration

AN/SRN-9 (XN-5) Doppler and Orbital
Parameter Nine-Digit Printout

AN/SRN-9 Radio Navigation Set
AN/SRN-9A Radio Navigation Set

AN/SRN-9 or AN/SRN-9A Two-Minute
Doppler, Refraction, and Orbital
Parameter Printout

Navigation Satellite Set 702CA

702CA Doppler, Refraction, and
Orbital Parameter Printout as
Obtained on HP 2115A Computer.

- Xi -

10

11

kY
)

14

18

20

22
21
25

28
32

34

TR IR TR RETENY




I TR IR RN AT

TP Y

STA ST RO RS TR TRERGAr NS WM ST T,

ST R R M TR T B R O N TN T

SR ERALIES B A St

THE JOHNS HOPKING UNIVERSITY
AFPFLIED PHYSICS LABORATORY

BILVEA $APRING MARYLAND

16
17
18
19
20
21

22

24

25

26

27

28

29

30

ILLUSTRATIONS {cont'd)

XYZ and xyz Coordinate Systems
Orientation of Orbital Plane

x'y'z' Coordinate System

Relation Between x'y' and uv Planes .
Satellite Orbit

Geoidal Height (H) Contour Map
(Meters) . .

Data Format for AN/SRN-9
Equipment

Data Format for Magnavox
Equipment . .

Format of Doppler, Refraction, and
Orbital Data Divided into Computer
Words in the ITT and Magnavox
Receivers . . .

Receiver/Computer Interface Timing

Diagram . . .
Status of Data Tables at
Initialization . . .

ID Code Sequence for ITT Receiver
Data During a Two-Minute
Message . . .

Status of Data Tables and Pointer
Registers at End of First Two-
Minute Message . .

Status of Data Tables and Pointer
Registers after Subroutine UPTB
in Second Two-Minute Message .

Status of Data Tables and Pointer
Registers at End of Second Two-
Minute Message . .

- xii -

TSN T P S AR LR

37
38
40
42
43

49
58

59

61
62

68

71

7

81

83

e T TN

R ala

P wrsha adrf2 IR S wdge




.
[T

[IPUT—Y

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SUVER SPRING MARYLAND

31

32
33

A-8
A-9
A-10
A-11

A-12
A-13
A-14
A-15
A-16
A-17

ILLUSTRATIONS (cont'd)

Status of Data Tables and Pointer
Registers at End of Doppler Word
in Third Two-Minute Message

Summary of Validation Procedure

Status of Data Tables at End of Ninth
Two-Minute Message

Block Diagram of Navigation
Solution . .

Subroutines INP3, ESM, and NAV
Subroutines IDLE and IDL2
Subroutines DP1 and DP2
Subroutines RF1 and RF2
Subroutines MG1 and MG2
Subroutine COLL

Subroutines BCXS, UPTB, and
RESE .

Subroutines TES2 and VALD .
Subroutines INJT and VALI
Subroutines READ and INCR .

Subroutines PTAP, PRNT, and
TEST . . .

Subroutine VPTS

Subrcutines PROC and INPU .
Subroutines FMTT and VPMC
Subroutine POSI

Subroutine INTR .

Subroutine RCVD . . .

- xiii -

85
87

89

98
174
175
176
177
178
179

180
181
182
183

184
185
186
187
188
189
190

S T T S pE——




et T AT T

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

BILVER BPRING SaRuaid

A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
C-1

ILLUSTRATIONS (cont'd)

Subroutine TTYT . .
Subroutine CVTM .
Subroutines SATC and SXYZ .

Subroutine SOLVE . .
Subroutines SLANT and EDIT
Subroutine TYPE . .

Subroutine ARCS and UCON
Subroutines ALRT and AVIS .

Velocity North Solution by Direct
Search . . .

- Xiv -

191
. 192
. 194
. 195
. 196
. 197
. 198
. 199
. 227

G 3

[}
3 TR

M - L

-
L

-

P

*

>

[

'
et o aabinsad (MMM I PG AP A v S




TOTIT

™ TITRIE ¥

WYY TR .

YRR

bt el eed e ey

L 1

d

e

4

poy

L 4

e

$rb

Arevrmr @

L ) R <

THE JOHNS HOPKING UNIVERSI:Y
APPLIED PHYSICS LABORATORY
SULVER SPwG  MaRTLAND

TABLES

Variable Orbit Parameters in
Navigation Message . .

Fixed Orbit Parameters in Navigation
Message . .

Navigator's Estimates
Program Constants . . .

Summary of Changes in Major Counters,
Registers, Flags, and Switches
During the First Two-Minute
Message . . . .

Summary of Changes in Major Counters,
Registers, Flags, and Switches During
the Second Two-Minute Message

Interface Requirements Between Real-
Time Data Processing Program and
Navigation Fix Program .

Number of Bit Errors Between any
Two BCDX3 Digits . . .

Number of Errors when Comparing Two
Eight-D.git Sequences Made up of the
Least Significant Digits of the BCDX3
Modulo 15 Time Sequence . .

Height Parameters for Two-Quartic N

Profile (km) . . .
Values of Kw for Selected Places and
Times . . . .
- xv -

52

53
55
56

8

R4

124

230

231

235

240




Labaad i Koiantoll Salighd

TR

el g ey G ER

foomt  Snomd

el Gt

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
SUvER Somug damrians

1. NAVY NAVIGATION SATELLITE SYSTEM

The Satellite MNavigation System developed by the
Department of the Navy is a worldwide, ali-weather navi-
gation system that can provide a navigational fix at inter-
vals of approxim=tely 2 hours or less. The system is
shown schematically in Fig. 1 and consists of near-earth
sutellites, tracking stations, injection stations, a com-
puting center, and shipboard navigation equipment.

The system employs the doppler effect for both
satellite position determination and navigation. In the
former, four tracking stations in precisely known loca-
tions observe the doppler shift of the ultrastable radic
signals generated by the satellite transmitter as the satel-
lite approaches and recedes from the stations. This
doppler information is translated into satellite positions
as a function of time by the computing center. From this
information and with the knowledge that the motion of the
satellite is governed by Newton's laws of motion, the posi-
tion of the satellite as a function of time can be predicted.
These predictions become the ephemeris of the satellite
for the predicted duration (16 hours) and are stored in the
memory of the satellite by the injection station. As the
satellite orbits the earth, it continually reads out data
from which its position can be computed together with
precision time. This transmission is continually updated
by the satellite by discarding obsolete data and drawing
more timely data from its memory. 7To determine his
position, a navigator equipped with shipboard navigation
egquipment need only observe the doppler shift in the satel-
lite signals, obtain the data on the satellite position, and
perform the necessary computations. The navigator re-
mains completely passive; i. e., no interrogation of the
satellite is necessary.

The ground support system consists of tracking
stations to receive, record, and digitize doppler signals

-1 -
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from the satellites; a computing center where future orbits,
orbital parameters, and time corrections are computed;

and an injection station to transmit these new orbital param-
eters and time corrections to the satellite. In addition, the
satellite time signals are compared with Universal Time.
This information is used in tte computing center for the
time correction computations. The U.S. Navy Astronautics
Group, with headquarters at Point Mugu, California, is
responsible for operating the system.

Figure 2 shov's a block diagram of the AN/SRN-9
system. The purpose of this report is to provide detailed
information for the navigation solution and alert computa-
tions shown as part of the computer programming. The
descriptions of the remainder of the system provided in this
report are intended to provide background information only
and are not 2 specification of any form.
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2. INTEGRATED DOPPLER MEASUREMENT OF SLANT
RANGE CHANGE

Integrated doppler navigation is based on the con-
cept that the integral of the doppler shift of the satellite
signal, as observed by the navigator, over a fixed time
interval is a measure of the change in the slant range from
the satellite to the navigator over this same interval (Fig.
3). The theory of the slant range change measurement is
as follows:

A satellite signal transmitted at time iy with slant
range Sy will be received by the navigator at time ty + Si/c.
If the satellite is transmitting a stable signal at frequency
{fo-T) continuously between transmission of two time mark
signals (transmitted at times t) and t; _) the ground obser-
ver will count (fo-f)XT cycles for the 1nterva1 between re-
ceipt of the time markers (T = t, - t,_q). The frequency
of this received signal will be denoted fg{t) and the receiver
reference irequency f,. A difference frequency therefore
exists in the ground recelver of frequency f,-ig(t). The
total number of cycles of this difference frequency between
receipt of two satellite time marks is measured by count-
ing positive zero-crossings between times tx_1 + S _; .
and tx + Sy/.. The apparent doppler count accumulation
at a particular frequency (nominally f,) between receipt of
two such successive time marks is therefore:

S S,
k k
tk + c tk +
= { -
Nk (f t)) dt = fot (f -~ (1)
S S
k-1 k-1
tk—l + c tk—l + c
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i.e., as noted,

I S
k
tk + c
th (t) dt = (fo -Nr (2)
T s
k-1
, Tk—l + c
£
where
L W Y

-
1]

reference frequency,

constant satellite offset frequency, and

vacuum speed of light.

B s &
Wgernd Wyt eooriR
O ™

]

Therefore
fo _
Nk = Y (Sk - Sk_1)+ fT, (3)

from which the apparent slant range change over the k th
interval is

A -
§ Sk-Sk_1= Sk= LoNk—fLo‘r, (4)
] where
E Lo = —— = vacuum wavelength at reference

o frequency fo.
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The quantity Sy - S, _; would be an exact measure-
ment of the slant range change if the process took place in
a vacuum. The slanti range change of Eq. 14) is the effec-
tive RF path length change in the refractive media through
which the RF energy must pass to reach earth. There-
fore, the doppler cycle count must be corrected for refrac-
tion to make it correspond more nearly to a vacuumn dopp-
ler count.

Details of the correction for ionospheric refraction
as implemented in the APL, International Telephone and

Telegraph Company (ITT), and Magnavox equipment are
given in Section 3.
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3. INTEGRATED DOPPLER TRACKING EQUIPMENT

DEVELOPMENTAL AN/SRN-9 EQUIPMENT

In the early stages of the APL development of re -
ceiving equipment for use in the integrated doppler count
method of navigation, the technical approach was centered
arourd a single-frequency system. It was recognized that
the use of a single-frequency system operating at the
higher frequencies, i.e., 400 MHz, would »esult in a navi-
gation error of approximately 1 nmi because of the refrac-
tion effect of the ionosphere. The elimination of the re-
quirements for a 150-MHz phase-locked receiver, for a
more complex antenna with dual preamplifiers, and for re-
fraction correction equipment appeared desirable in terms
of the resultant equipment simplificaticn and lower cost.
The single-frequency system was built in breadboard form
at the Laboratcry, and the feasibility of the system demon-
strated in mid-1961. A block diagram of this system is
shown in Fig. 4.

The design of a two-frequency system, shown in
block diagram form in Fig. 5, was begun by the Labora-
tory about the same time the single-frequency system
reached its breadboard stage. This design effort dis-
closed that since the two received frequencies are always
in constant ratio within a few parts in 10-8 (the order of
the refraction effect) the second receiver need not be a
phase-locked receiver, but could be merely slaved to th=
409-MHz phase-locked receiver. 1he two-frequency sys-
tem design was developed and tested as an engineering
model and subsequently developed into a prototype form
designated XN-5. No further development of the single-
frequency system was undertaken by the Laboratory.

Basic to the design of both systems is the stable
oscillator. Any bias in measuring frequency that ic main-
tained over a pass (as opnosed to point-to-point noise with-
in a pass) produces a proportional error in position. ‘f..e
assumption is made, therefore, that the frequency of the
local oscillator is an unknown. This assumption requires

-9 -
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that the measurements and computations needed for a navi-
gation fix be arranged to eliminate the value of the fre-
quency of the oscillator. When this elimination is done
properly, the only stability required is five parts in 1011
over a 2-minute period. Such stability can be achieved,
and a carefully chosen crystal in a thermostatically con-
trolled oven with a large thermal time constant is entirely
adequate.

The AN/SRN-9 (XN-5) receiving equipment has
five basic elements: (1) the antenna and preamplifiers,
(2) the receiver-demodulator, (3) the digital section,

(4) the control group (output section), and (5) the 5-MHz
oscillator (Fig. 6).

The antenna is a whip over a ground-plane mounted
on the superstructure of the ship, along with preamplifiers
for the 150- and 400-MHz signals.

The receiver-demodulator contains circuitry to
perform the following functions:

1. Selectively track a satellite signal after manual
lock-on.

2. Demodulate the binary data from the carriers.
Figure 7 shows the binary modulation format.

3. Provide timing signals to the digital section at

the doublet (half bit) rate (one every 9. 83 ms) as

derived from the doublet coding in the satellite
messages.

4. Produce a sequence of pulses from which a
refraction corrected doppler count is obtained.

These functions are described in detail on the following
pages.

The higher frequency signal transmitted from the
satellite is 400 MHz - fy;, where fy ¥ 32 kHz, since the
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25 ] 2. Sms
ms | ms

ADVANCE 60°

PHASE 00 — P ———

RETARD 60°

'-—-—20ms —] g 20 MS

FIRST BIT SECOND 8IT
qee gy

THE PHASE OF THE DOPPLER SIGNAL. (S
ADVANCED AND THEN RETARDED TO REPRE-
SENT ONE POLARITY, RETARDED AND THEN
ADVANCED FOR THE REVERSE POLARITY.
EACH HALF BIT IS TRANSMITTED TWICE, THE
SECOND TIME IN REVERSE POLARITY.

“1” = ADVANCE-—RETARD-SPACE
RETARD~ADVANCE-SPACE

“0" = RETARD-ADVANCE-SPACE
ADVANCE—-RETARD-SPACE

8IT RATE = 50/S

Fig. 7 COMMUNICATION LINK MODULATION WAVEFORMS
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frequency offset is nominally 80 ppm. This signal is shifted
dyg because of the doppler effect and € because of ionospheric
refraction. For the system parameters used dy is between
+10 kHz and €y is between +3 Hz. The set receives a signal
from the satellite on a whip antenna at a frequency of 400

MHz - fy + dyg + €. This signal is amplified in a 400-MHz
automatic gain controlled (AGC) preamplifier with a maxi-
mum gain of 70 dB, a bandwidth of 1 MHz, and a noise figure
of 10 dB.

cal ol ot

The signal from the preamplifier then is mixed with
a local RF reference signal. The resulting 5-MHz differ-
en e frequency is amplified in a high gain, 3-kHz bandwidth
5 MHz IF amplifier.

The IF output is fed in parallel to two phase com-
parators in which it is compared with the phase of quadra-
ture components of a stable 5-MHz reference signal.

The phase comparator produces a DC voltage that is
used to detect phase or frequency errors in the RF frequency
and control a second order frequency/phase loop, which
maintains the frequency and phase relationship between the
RF reference signal and the received signal.

The stable 5-MHz reference oscillator uses design
concepts similar to those used in the satellite oscillator,
i.e., a thermostatically controlled oven with a very long
thermal time constant between the oven and a monel slug,
which contains the critical circuits. Since the vacuum of
space is not available for the earthbound oscillator, a great
amount of thermal insulation is used, resulting in a rela-
tively large physical size.

BT R Y

The 5-MHz stable reference frequency is multiplied
by a factor of 81 to 405 MHz. The difference between this
frequency and the locally generated RF reference signal is,
provided the phase-locked loop is tracking a signal, the
amount by which the received signal is below 400 MHz, i.e.,
fg - dyg - €. A pulse generator converts the doppler cy-
cles from the doppler mixer into pulses.

TXATRD
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The 150-MHz receiver is slaved to the 400-MHz re-
ceiver to ''listen" to a very narrow 20-Hz bandwidth portion
of the RF spectrum centered at a ''predicted" frequency ex-
actly 3/8 of the frequency tracked by the 400 MHz phase- i
locked receiver. The slaved r. . iver produces two signals
at the difference frequency betwee.: the predicted frequency
and the 150-MHz signal received. The relative phase of
these sienals indicates whether the 150-MHz signal is above
or below 3/8 of the high frequency signat.

PRrveSap

The satellite transmits as its lower frequency 150
MHz - fy, (where f[, ® 12 kHz), i.e., 3/8 of the high fre-
quency transmitted. This signal is shifted by doppler and
ionospheric effects to a received frequency of 150 MHz -
f;,+ dy, + €1,. The doppler shift is proportional to fre-
quency, but the ionospheric refraction shift has been found
to be inversely proporticnal to frequency. The received
frequency may then be expressed as,

150 MHz + 3/8 (-fyy + dg) + 8/3 €.

A local reference signal at 3/8 of the high frequency
local reference signal is mixed with the amplified low fre-
quency signal with the following results:

3/8[405 MHz - f_+d_ +€

- T -
gtdg*eql l150MHz+3/8(fH+dH)+

8/3€_1=1.875 MHz + [3/8 - 8/3] €= (5)

H

1. 875 MHz - 55/24 €H .

Because 55/24 € is typically less than 5 Hz, this
signal can be amplified in a very narrow 20-Hz bandwidth
IF amplifier. AGC detection may safely be performed in
this narrow bandwidth.

The phase re lationship of this RF output and the
stable reference oscillator determines whether the refraction

-16 -
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correction adds or deletes cycles from the doppler count.
The corrected doppler pulse train is then counted in the
doppler accumulator to measure satellite slant range change
during the count interval.

The 400-MHz phase comparator also produces a sig-
nal whose voltage excursions versus time are an accurate
repre sentation of the phase excursions of the input signal

< in Fig. 8. The decoder accepts these doublet data

fr- ' - ophase comparator, synchronously detects them,
rts them to a binary format compatible with the
a - 2ction. The synchronous deiection is followed by

an uunegration with end-of-bit sampling to afford maximum
immunity from ncise errors. The properly timed gatling
signals required for synchronous Jlecoding are derived
from the digital section.

The decoder thus associates the adjacent doublets
in the received signals with appropriate bine~y bits. The
process is initiated with an arbitrary association of adja-
cent doublets. The resulting binary bits are observed in
the digital section, and pulses generated by the pairing of
doublets are counted. If the count exceeds a specified
threshold the doublet association is reversed, and the cor-
rect pairing of doublets into binary bits is achieved. Bi-
nary data are sent seriaily from the receiver-demodulator
into the digital unit.

A precise timing signal based upon the message
modulation rate is derived in an internal clock in the re-
ceiving equipment. This synchronized internal clock con-
trols the decoding, printing, and doppler count gating
operations with an accuracy of better than 0.2 ms. Be-
cause the operational satellites transmit the end of message
word two at each Universal 2-minute Time +£500 4s, ade-
quate time information is obtained from the satellite for
navigation and doppler gating.

The digital section contains shift registers for ac-

cumulating the doppler count and for storing the serial bi-
nary data decoded from the satellite rnessages.

-17 -
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24 "h

c va
FEEDBACK DIVIDER I J L
OUTPUT PULSES

=eh

0 NN\ .
QUADRATURE PHASE
COMPARATOR OUTPUT V \ ] \/ \/

FOR +¢

POSITIVE VOLTAGE OUT OF QUADRATURE s
PHASE COMPARATOR AT TIME OF FEEDBACK
DIVIDER OUTPUT PULSE CAUSES PULSE TO
BE ADDED OR DELETED FROM DOPPLER PULSE TRAIN

-
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COMPARATOR QUTPUT v
FOR -¢ ..

NEGATIVE VOLTAGE OUT OF QUADRATURE
PHASE COMPARATOR AT TIME OF FEEDBACK
DIVIDER OUTPUT PULSE CAUSES PULSE TO
BE ADDED OR DELETED FROM DOPPLER PULSE TRAIN

Fig. 8 AN/SRN-9 (XN-5) REFRACTION CHANNEL WAVEFQRMS
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The digital section also contains an output register

and the necessary counting and control logic to organize the
satellite messages into words and digits (output format con-
trol). It also programs the datz and other timing signals to
the output terminals. The message data are extracted in
four-bit groups (i.e., excess-three binary coded decimal
format). Control signals are available to fake all data
{every word) or select only every sixth word (all that is
necessary) for normal navigation.

TR TP AW,

The data used by the integrated doppler navigator
are ccntained in words 8, 14, 20, 26, etc., up to 128.
These words include the satellite orbit parameters; the out-
put format control selects these words and pcrints them out
on a paper tape alo:z with the integrated doppler count.

The control group of the receiving equipment in its
simplest form produces a printed tape listing:

1. Between three and eight accumulated refraction
corrected doppler counts, each for a 2-minute period and
with end points precisely governed by satellite-transmitted
Universal Time 2-minute marks.

2. Between three and eight readouts of the satellite-
stored orbit parameters, defining satellite positions every
2 minutes.

All equipment control functions are provided by a
control group packaged with the numerical printer. Figure
9 shows one control group-printer configuration. The
printer in this configuration prints eight of the nine digits
of the satellite word. Other later control group configura-
tions print all nine digits.

From the control group, the navigator can monitor
the operation of the equipment. In operation, the navigator
remotely tunes the 400-MHz receiver from whence it ob-
tains all necessary control functions.

-19 -
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Fig. 9 AN/SRN-9 (XN-5) CONTROL GRCUP-PRINTER CONFIGURATION
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A sample of the nine digit printer output is shown
in Fig. 10, ‘The first line is one value of the total re-
fraction corrected cycle count for the previous 2 min-
utes. The second line is the orbital information for the
epoch 6 minutes before the beginning of the 2-minute
interval, followed by the orbital information for the
epoch 4 minutes before, and so on through the iiforma-
tion for the epoch 8 minutes after the end of the 2-
minute interval. After these 8 lines, there occur 17
lines of data from the fixed portion of the satellite
memory. Following these lines of data there is another
readirg of the doppler counter. This reading is readily
distinguished from the orbital data by the different num-
ber of digits in the line. The shifting of the ephemeral
or variable pertion of the memory can be observed by
noting the next 8 lines of the printout. The single and
double signs at the beginning of the fixed and ephemeral
readout are a code that is described in Secticn 5.

Quadde et et v oy 1o ks

Wy ey g wes DS I8 S G

e e

- o e TP A ARDETRVE, BTRE AT AP D N et

In summary, for any satellite pass the following
sequence of events will occur in the receiving equipment:

1. The receiver-demodulator is manually locked
onto the satellite signals and phase tracks during the satel-
lite pass.

2. The receiver-demodulator begins decoding the
binary data based on an arbiirary association of adjacent
doublets.

3. The digital section monitors the decoded data
and properly pairs the demodulated doublets to form binary
bits. When the proper pairing is achieved. the digital sec-
tion energizes the bit synchronization line.

4. The counting and control logic is reset by the
synchronization word in the satellite data format. The first
time the synchronization word is received after bit syn-
chronization, the digital section outputs a synchronization
pulse. A 2-minute Universal Time pulse is alsc generated
each time the synchronization sequence

-921 -
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29937 70— DOPPLER CYCLE COUNT

++140241337
++000370950
++010460566
+4020520170
+-030520205
+-040430510
+-050390743
+-060270900/
++110391920)
+ 36488020
04278850
00196610
00187520
071465340
23720880
00000080
00005880
32350310
20189280
54903120
+ 19000000
--199870000
++000000000
++000000000
++000000000J

~

+ 4+ 4

EPHEMERAL MEMORY READOUT

FIXED MEMORY READOUT

337317 2-——— DOPPLER CYCLE COUNT

++000370950~
++010460566
++020520170
+-0305202905
+-040480510
+-050390743
+-060270900
~-070120961.J
++110391920)
+ 36488020
04278850
00196610
00187520
07465340
23720880
00C00080
00005880
32350310
20189280
54903120
10000000
--199870000
++000000000
++000000000
++000000000

T~

~

++ + A s

EPHEMERAL READOUT

FIXED MEMORY READOUT

409389 2-<w———DOPPLER CYCLE COUNT

AN/SRN-3 {XN-5) DOPPLER AND ORBITAL PARAMETER NINE-DIGIT PRINTOUT
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(0111111111111111111111110)
is received.

5. The counting and format control logic in the
digital section governs the handling of the binary data from
the satellite and the accumulation and output of the doppler
count.

6. The 2-minute doppler count and satellite mes-
sage data are printed out in decimal form o. the control
group printer.

7. Whenever an interrupt in the satellite signal
occurs, bit synchronization must be reestablished.

Reference 2 is a detailed description of the AN/
SRN-9 (XN-5) Radio Navigation Set.

e 4 e BRI S IR R S W I T

OGN TR ) e e et e e e e e feeeg demgl ey e SR DD

RADIO NAVIGATION SETS AN/SRN-9 AND AN/SRN-9A

Under contract to the Naval Ship Systems Commang,
ITT has produced shipboard navigation equipment desig-
nated RadioNavigation Sets AN/SRN-9 and AN/SRN-9A to
the specifications SHIPS-R-5111 (Ref. 3), SHIPS-R-5111A
(Ref. 4), and SHIPS-R-5111B (Ref. 5). These specifica-
tions embody APL experience with the developmental AN/
SRN-9 equipment. Radio Navigation Set AN/SRN-9 is shown
in Fig. 11 and described in Ref. 6. Radio Navigation Set
AN/SRN-9A is shown in Fig. 12 and described in Ref. 7.
Reference 8 describes operational procedures for both sets
when used with the CP-967/UYK computer.

The two sets differ in that the AN/SRN-9A has auto-
matic signal acquisition and coast mode features (explained
below); in addition, doppler data may be obtained over
either Z-minute intervals or approximately 4. 6-second in-
tervals at operator option. The following sections will
apply only to 2-minute interval data inasmuch as program-
ming procedures for 4. 6-s interval (or short count) data
are beyond the scope of this report.

- 23 -
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(a) ANTENNA

(b} RECEIVER

Fig. 11 AN/SRN—9 RADIO NAVIGATION SET
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STATUS

Fig. 12 AN/SRN-9A RADIO NAVIGATION SET
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In the AN/SRN-9 set, loss of lock during a 2-minute -
interval results in loss of all data for that interval. If the
AN/SRN-9A set loses lock during a 2-minute interval, how-
ever, the coast mode feature allows satellite message data -
to be obtaii:ed upon signal reacquisition, provided the time
between loss of lock and reacquisition does not exceed 60
seconds. In addition varying combinations of doppler, re-
fraction, and satellite message data are obtainable in a loss
of lock situation, depending upon whether it is the 150 MHz,
400 MHz, or both signals that are lost. The following tabu-
3 lation shows all the consequences for the various combina-

-

AL~

b
D W R R

3=

Dt a0 Chc,

tions:
Condition Doppler Data  Refraction Data Message Data
Unlocked - - -
Both channels BCDX3"0" BCDXx3"0" BCDX3

locked during
first transfers
(initial message

Qrommp  mady g i et

sync.) (1) :
Both channels BCDX3 BCDX3 BCDX3 :
locked :
400 MHz locked BCDX3 BCDX3"0" BCDX3 )
150 MHz unlocked

400 MHz unlocked  BCDX3"0" BCDX3"0" BCDX3

150 MHz locked
Coast Mode (2) Binary "0" Binary llo" Binary lloll

Note (1) BCDX3 denotes valid data format.
(2) During coast mode, binary ''0" will be outputted to
computer.

From the standpoint of programming a computer for
use with data obtained with either the AN/SRN-9 or AN/
SRN-9A Radin Navigation Set, the differences between these
equipments and the developmental AN/SRN-9 equipment de-
scribed in the previous section lie in the treatment of the
ionospheric refraction correction and in the formatting of
the output data. Whereas the refraction correction circuitry

- 26 -
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in the developmental equipment adds or deletes cycles from
the doppler count such that a refraction corrected doppler
count is obtained for use in navigation computations, the
AN/SRN-9 and AN/SRN-9A equipment is designed to present
the refraction information separately from the doppler
count, and the requisite correction must be done during sub-
sequent computations. The refraction count data in the AN/
SRN-9 and AN/3RN-9A equipment take on values between
1000 and 3000 and are scaled such that a count of 2000 is an
indication that no correction is required or (in the AN/SRN-9
only) that the refraction count is invalid.

The refraction correction equation to be implemented
then is

24
N, = N - — (R, - 2000) (6)
k k 400 55 Rk
where
Nk = ionospheric refraction corrected doppler
count,
Nk = 400-MHz doppler count from ITT equip-
400 ment, and
Rk = refraction count from ITT equipment.

The ITT equipment may be configured to output its
data into a readout device, such as a printer or a paper tape
punch, for later off-line calculation, or directly into a
computer for real-time navigation. Figure 13 shows a
thermal printer readout that could have been obtained from
either an AN/SRN-9 or an AN/SRN-9A, for comparison
with Fig. 10. Specific details of the format of the output
data from the ITT equipment are describeu in the Data Types
and Formats Section.

~ 27 -
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IB/P
. . L ———— _ D
....... AR =l..T2.t.z - -- Ll - —eT.z - —ea
00P1 REF1, —
cn Ephemeral Memory Readout
Z'“- slll-z A .- TIE g, ceoinliiIEl - TTLusT il - T E
Eph ! Memory Read: Fixed Memory Readout
Fixed Memory Read
Fixed Memory Read 3
—— o R
\DOP2 REF2,
Fixed Memory Readout ct2

Fig. 13 AN/SRN-9 OR AN/SRN-9A TWO-MINUTE DOPPLER, REFRACTION, AND ORBITAL

PARAMETER PRINTOUT
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Fig. 13 AN/SRN-9 OR AN/SRN-9A TWO-MINUTE DOPPLER, REFRACTION, AND ORBITAL

PARAMETER PRINTOUT (cont’d}
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Fig. 13 AN/SRN-G OR AN/SRN-SA TWO-3INUTE DOPPLER, REFRACTION, AND ORBITAL
PARAMETER PRINTOUT (cont'd)
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NAVIGATION SATELLITE RECEIVER SET 702CA

Under the sponsorship of the Office of Naval Re-
search, the Scripps Institution of Oceanography of the
University of California has contracted with the Magnavox
Company for the Navigation Satellite Receiver Set 702CA,
produced in accordance with Scripps Specification 0A0088
(Ref. 9). This snecification also embodies API. experience
with developmental integrated doppler navigation equipment.
Figure 14 shows the equipment; Ref. 10 describes its

-4 od G SN

. -~ operation and mainenance.
| I
g From the standpoint of programming a computer for
| uge with the Navigation Satellite Receiver Set 702CA, the
{ I differences tetween this equipment and the developmental
- AN/SRN-9 equipment described previously lie in the treat-
.n ment of the ionospheric refraction correction and in the
; formatting of the output data. Like the ITT AN/SRN-9
* equipment the 762CA equipment also provides separate out-
a puts for use in later calculations to ohtain a refraction cor-
A rected doppler count. The 702CA outputs, however, are a
400-MHz doppler count and a 150-MHz doppler count scaled
1 ,E by the receiver to 400 MHz.
{7 The refraction correction equation for Magnavox
1R 702CA data is then
5 9
§ N, = N + = (N - N ) (7
l k ‘200 %9 Kgo0 K10
° where
10"
3 Nk = ionospheric refraction corrected doppler
i couny,
- N = 4006-MHz doppler count, and
k
s 400
4 N, = 150-MHz doppler count.
k
150
%
*
I - 31 -
&
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Figure 15 shows a printout obtained from the 702CA
receiver on :he HP 2115A computer for comparison with
Fig. 10 (AN/SRN-9 (XN-5} printout) and Fig. 13 (ITT AN/
SRN-8 or AN/SRN-9A printout). Note that the coding in
the form of single and double signs shown in Figs. 10 and
13 is expressed in Fig. 15 as a digital coding. Specific
details of the format of the output data firom the Magnavox
equipment are described later in the Data Types and For-
mats Section.
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P00000000
4307323899
020931942
414088460
800061330
800125179
809999220

003023322
449812742
30921605
837179670
8074552590
809053720
800510002

440812745
$30921605
414088460
800061330
800125170
809999228
200000000

p03737842
200872531
049891252
4 '4088460
800P61330
800125170
809999220
000000000

000872531
040891252
837170670
8074552590
809P53730
8005100090

PP3737907
010912255
p50830915
837170670
807455250
809953739
800510009

000872531
049891252
8106874990
815319080
82023024

000000000 030FAGACT

P0000D000 400 NI:’;EOL’EI_._EB,_‘ISO MHz DOPPLER

93263772 0D3263945

010912255
050830915
810587480
815310080
829230249
P0DO0DDDD

020931942
p60750602
810687490
815310080
820230240
p00000000

019912255
p50830915
800197589
900004850
851300660

020931942} EpPHEMERAL MEMORY READOUT

$6D750602
80019758
900004850
851800660
28220000

030921605
070640345
80019758
90p0NN4850
851800660
oDODDO0ED

FIXED MEMORY READOUT

Fig. 15 702CA DOPPLER, REFRACTION, AND ORBITAL PARAMETER PRINT-
OUT AS OBTAINED ON HP2115A COMPUTER
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4. GEOMETRICAL BAS(S OF NAVIGATION EQUATIONS

The derivation of the equations used in the naviga-
tion solution as presented here is divided into two parts.
The first of these parts will show the method of coordinate
system transformation, which is used to obtain the navi-
gator and satellite positions in a common coordinate sys-
tem. The second part will show ‘he derivation of satellite
and navigator positions from basic information available
to the navigator.

COORDINATE TRANSFORMATIONS

To show the derivation of the coordinate system
transformations used in the navigation solution, first de-
fine a right-kand, earth-centered, inertial cariesian coor-
dinate system XYZ which is oriented such that (1} its cen-
ter is at the center of the earth, (2) its X-Y plane is co-
incident wit.: the equatorial plane of the earth, (3) its Z-
axis is coincident with the spin axis of the earth (the posi-
tive Z-axis points toward the north pole), and (4) its X-
axis is coincident with the vernal equinox (First Line of
Aries).

In a similar manner, define a right-hand, earth-
centered coordinate system which i5 fixed with respect to
the rotating earth. This system, denoted xyz, is oriented
such that (1) its center is at the center of the earth, (2) its
x-y plane is coincident with the equatorial plane of the
earth, (3) its z-axis coincides with the spin axis of the
earth, and (4) its x-axis is coincident with the plane of the
Greenwich Meridian.

It can be easily visualized that, since the xyz coor-
dinate ‘ystem rotates with the earth, any fixed point on the
earth will remain fixed with respect to the xyz system.
This coordinate system would then be desirable as a refer-
ence system for the navigator, since his position at any

- 35 -
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time may be represented as a point in the xyz system and,
if he is not moving, his position within the coordinate sys-
tem will not change with time.

Now «2fine the angle between a line through the
Greenwich Meridian on the x-y plane and the vernal equinox
(First Line of Aries) as A. This angle is called the hour
angle or Right Ascension of Greenwich. Pictorially, the
XYZ and xyz coordinate systems appear as in Fig. 16. The
transformation from XYZ to xyz coordinates is given by

X = XcosAG+Ys1nAG
y = -XsinA,+ Y cos A (8)
z = Z

Now define a three-dimensional coordinate system
x'y'z' whose center is at the center of the earth and whose
x'-axis lies in the equatorial plane of the XYZ coordinate
system. The x' and y' directions in this coordinate sys-
tem define a plane which is the orbital plane of the satel-
lite. Further, define the inclination angle, i, of the satel-
lite plane as the angle between the y'-axis and the equa-
toriel plane, XY, and the angle £, the right ascension of
the ascending node, as the angle between the x'-axis of the
orbital plane and the X-axis of the XYZ coordinate system.
The orientation of the orbital plane is shown in Fig. 17.

From examination of “he geometry of the XYZ
coordinate system and the x'y' plane, the transformation
from the x'y' plane to the XYZ coordinate system is given

by

X = x'cosfl -y'cos i sinli

o o
Y = x'sin ﬁo+y cos i cos 00 (9a)
Z = y' sini

Kl

o
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First Line
of Aries

oy

XYZ AND xyz COGRDINATE SYSTEMS
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Fig. 17 ORIENTATION OF ORBITAL PLANE
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Although the primary motion of the satellite will
be in the x'y' plane, allowance will be made at this point
for motion that is perpendicular to the plane of the satel-
lite orbit. This direction will be defined as the z' direc-
tion and will be pointed such that the posiiive z'-axis forms
a right-hand coordinate system with the x'y' plane. Fig-
ure 18 shows this x'y'z' coordinate system. The trans-
formation to XYZ coordinates is given by

o

e

X = z'cos Qo -y'cosi sin ﬁo-l- z' sin i sin Qo
‘ Y = x'sin ﬂo +y'cosi cos S‘o -2z' sin i cos fﬂo (9b)
E
2 Z = y'sin i +2z' cos i.

P el wemw wmy NSSG E @GR

Now define the angle 8 to be the angle between the
piane of the satellite orbit and the plane of the Greenwich
Meridian. This difference is given by

Lanme |

B=6G -A. . (10)

r—t ot

By using the angle B it is now possible to transform
- the satellite orbital x'y'z' coordinate system directly into
the navigator's xyz coordinate system without performing
the initial transformation to XYZ coordinates. This trans-
formation is of prime importance since it is the navigator's
xyz coordinate system that will be used as the common
coordinate system for the navigation solution computations.
The transformation is given as follows:

x'cosB -y'cos i sinB+ z' sin i sin B

"
n

x'sinB +y' cos icosB 2z' sin i cos B (11)

N
]

y'sin i + 2' cos i

— s
<
1

Since satellite orbital data as transmitted are not
directly positions in the x'y'z' coordinate system, but as

- 30 -
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Fig. 18 x'y'z'COORDINATE SYSTEM
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In Eq. (14), the mean anomaly is the same as in Eq.
(13). The eccentric anomaly is given explicitly in Eq. (14).

Also in Eq. (14), the factor 41 -€2 s implicit in the ex-
pression for Vi

In the simple classical theory, the angles SZO and «
are invariant in 'ime. In the integrated doppler navigation
computation, however, they do vary with time but are as-
sumed to have constant time derivatives, §¢and &, respec-
tively.

To summarize, in the integrated doppler navigation
computation the satellite orbit is treated as a corrected
(AE(ty), AA(ty), n(ty)), precessing (e, §¢) Keplerian
ellipse.

The equations for computing satellite coordinates
given in Step F of Section 7 follow those given here.

The term reference ellipsoid is applied here to the
surface used to approximate the figure of the earth in the
navigation computation. The reference ellipsoid is taken
to be an ellipsoid of revolution. The axis of revolution is
the z-axis or the spin axis of the earth. The center of the
ellipsoid is the center of the earth.

The intersection of any plane containing the z-axis,
i.e., a meridian plane, and the ellipsoid is an eliipse.
The igtersection of a plane parallel to the equatorial xy
plane and the ellipsoid is a circle.

The rectangular coordinates (x, y, z) of any point
on the surface of the ellipsoid satisfy the function ¥
(x, vy, z) =0in

2, 2 2
F(x, y, 2) = = 23’ + z -1=0. (15)
Ry [Ro(l—f)]z
- 45 -
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In Eq. (15), R is the (major) equatorial semiaxis of the
ellipsoid, and R, (1 - f) is the (minor) polar semiaxis.

The partial derivatives of F(x, y, z) with respect to

X, ¥, and z are denoted by Fy, Fy, and F,, respectively,
and by Eq. (15), are T

F - 2x2
X R
(o]
. 2y
F = - 5 (16)
¥y R
0]
F o= 2z
zZ

[R0 (1 -10)

Any (outward directed) normal to the ellipsoid is
inclised at an angle to the equatorial xy plane, which is
denoted by ®©. The angle between the x-axis and the pro-
jection of the normal on the xy plane is denoted by A.
Therefore, the direction cosines of the normal with respect
to x-, y-, and z-axes are, respectively, (cos®, cosA),
(cos ¢, sin A), and sin ¢. These direction cosines are given
by

1/2
2
CcosS® cosA = F/(F2+F2+ F )
x T x y z
. 2 2 9. 1/2
cos@ sinA=F (F" + F° + F ") (17)
y X y /
2 2 2.1/2
, _ +
sin ¢ FZ/(Fx + Fy Fz)

From Egs. (i6) and (17), we find

- 46 -
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parameters defining its elliptical orbit, it is necessary to
define an additional coordinate system, uvw, in which the

w and z' axes are coincident and in which the angle w , be-
tween the x' and u axes is called the argument of perigee.
Figure 19 shows the relation between the x'y' and uv planes.
The transformation from uvw to x'y'z' coordinates is given
by

X' - ucosw -vsihw
o o

y'! = usinw_+vcosw (12)
o °

z!' = w.

Now consider the pictorial representation of the
satellite orbit as shown in Fig. 20. The point 0' is the cen-
ter of the ellipse PSA and of the circumscribed circle PCA.
The origin of the uvw coordinate system is taken as 0. The
uv coordinates are shown. The w coordinate is the axis
pointing off the page on Fig. 20.

Now define the time at which the satellite is at its
perigee P as t, and call it time of perigee. The position
of the satellite at an arbitrary time t after t, is repre-
sented by the point S on the ellipse PSA. The orbital
ellipse has a semimajsr axis denoted by A, and an eccen-
tricity denoted by €. The angle E is called the eccen-
tric anomaly and is the angle through which the ¢ tellite
has moved on the ellipse since t,. Further let 7 denote
the orbital period of the satellite; then n, the mean motion,
is given by 27/T.

SATELLITE AND NAVIGATOR POSITIONS
A problem in classical orbits is this: given A, ¢,
r, and t, find u(t), v{t), and w(t), the coordinates of S at

tiine t. The computation that provides thL— solution of this
problem is defined by Eq. (13):

- 41 -
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<

Fig. 19 RELATION BETWEEN x'y°AND uv PLANES
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Fig. 20 SATELLITE ORBIT
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M(t) = t-t )

(t) n( p)

E(t) = M(t) + € sin E(t)

A = Ac (13)
u(t) = A(cos E(t) - €

vit) = Adl P sin E(t)

w(t) is undefined.

The quantities M(t) and E(t) in Eg. (13) are called

the mean and eccentric anomalies, respectively. The
equation defining E(t) (Kepler's Equation) is transcendental,

and its

solution can be obtained by various means.

For the integrated doppler navigation computation,

this part of the computation of the satellite coordinates is
carried out in a different manner.

The integrated doppler navigation problem can be

stated as follows: given A , €, n, the AE(tk), AA(t, ), and
N(tk), find u(t ), vity), and” wi(t,). The equations which
define the computation are given by

Mk = n(tk-t)

P
E, = M +¢€ sin My + AE(t,)
A, = A + AA(t,)
k ° k (14)
u, = Ak (cos (Ek) - €)
v = Ak sin (Ek)
Wy = ﬂ(tk)

- 44 -
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2 2 21/2
x/R =F R /2 =(R/2)(F"+F “+F ") cos ¥ cos A
) x o o X y z

9 2 2 1/2
yIR = FR/2 :(R/D(F."+F " +F.") cos ¢ sin A (13)
o y o o x Yy z

2 2 2 1/2
2/R(1-0 = F R (1-0/2 :R-0/dr 2+ r 2+ 7 2] sing.

Now, by Eq. {15)

2 2 2
(x/Ro) +(y/Ro) + [z/Ro(l-f)] = 1. (19)

Expanding Eq. (19) in terms of the right-hand side
of Eq. (18), we determine

2,52 - 1
z

(sz +F (20)

Ro‘2 cos? @ + R, (1-tn? sinZ ¢

1/2
2 +F 2)

z
in Eq. (18), we obtain for the rectangular coordinates of
any point on the surface of the ellipsoid:

Substituting from Eq. (20) for (sz + Fy

R cos® ces A

X = (cos2 P+ (1-f)2 gin’ <l>)ll2
Ro cos ¢ sin A

v - (c032 ©+ (l-f)2 sin2 <p)1/2 .
R_(1-D% sin@

z{p) =

(cos> @ + (1-0)2 sinZw)l/2

The angvlar coordinates ¢ and A are called
the geodetic latitude and longitude, respectively, of a point
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on the geodetic surface. Points not on the geodetic surface
can be given a geodetic representation by means of a third
roordinate, the geodetic altitude, which is denoted by h.
A The geoidal height above the reference ellipscid is denoted
3 by H, and h’ = (h + H).

A value for H in meters may be determined through
use of Fig. 21, a gcoidal height contour map. To use this
map the navigator lccates * ¢ appreximate position on it and
interpolates between con. ir lines to obtain the value for
geoidal height in meters.

f: Let (x, v, z) represent the coordinates ¢f any point

in space. The h’ is defined tc¢ be the distance from the
point to ite geodetic surface. The coordinate h is positive
if the point (%, y, z) is above the surface. To be specific,

I

h .. o according to

. <
x2 +y z2 1
5 .
R~ R 2(1-0° <
c o
Now let
1/2
: 2
3 D) = (R02 cos2 ¢+ (R (1-1)] sin2 o) . (22)

.‘ Then the earth-fixed rectangular coordinat;s (x,y,2)
’ of a point having the geodetic coordinates (#, A, h') are

given by

2 x@, X, h') =

y@, A, h') =

zlp, h') =

R 2
0 + h'] cos® cos A

LD(@)

-R \

LB%P)_ +h’] cos sin A (23)
R 2(1-9)% ,
————— + 3 .

D) h sin @
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In the integrated doppler navigation computation, use
is .nade of the partial derivative of x, y, and z with respect
to oand A. A partial derivative with respect to ¢ is de-
noced by superscript (%) and with respect to A by super-
script (°). From Egs. (22) and (23), it is seen that

) @, %, 0 = - (R (R (1-0)]2/D° @) + ') sin @ cos A
) @. X, 1Y = - (R _PR_(1-01°/D° @) + b) sin ¢ sin X

(24)
23 @, v') = (R(,2 (B, (1-22/D% @) + 1) cos

%) @, A, h) = -y @, A, h)

v @ A, v = x@ A, h').
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5. DATA TYPES AND FORMATS

TYPES OF DATA

A D
o

Four types of data are processed for entry into the
navigation solution equations. These data types are

1. Doppler and refraction data,
2. Satellite orbital data,

Ch =iy

3. Navigator's estimates of time (GMT) of first
iducial mark, position, antenna height, head-
ing, ship's velocity, day number of pass, and
alert instructions, and

4. Program constants.

Doppler and Refraction Data

Section 3 describes the doppler and refraction data
obtained from tke ITT and Magunavox equipment, respec-
tively.

Satellite Orbital Data

R TOYIRY

During every 2 minutes of a satellite pass, data
describing the orbit are transmitted from the satellite in
156 BCDX3 wurds of 39 bits each plus an additional 19 bits.
The data are in two groups: fixed parameters, describing
a precessing Kepler ellipse that approximates the satellite
orbit; and variable parameters, describing the deviations
of the orbit from the precessing ellipse for each 2-minute
interval. Tables 1 and 2 describe the variable and fixed
parameters, respectively.

s |

Each of the eight variable data words consists of
the parameters tk, AEy, AAk, and 7)), combined in a single
word. Of the eight variable words the fourth word {satel-
lite word No. 26) describes the orbit deviations from the
precescing ellipse for the present 2-minute interval. The
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Table 1

Variable Osbit Parameters i Navigation Message

Satellite Parameter No of
Word No Symbol Units Digits Sign Magnitude Definition of Parameter
tk Minutes 2 2 XX.0 Time in integer even UT minutes
modnlo 15 following an integer one-half hour
of kth transmission
8, 14, 20, 26, AEk Degrees 3 2 0 0XXX Correction to eccentric anomaly
32, 38, 44, for kth time voint
and 50
AAk Meters 3 2 XXX0.0 Correction to mean semimajor axis
for kth time point
nk Meters 2 3 XX0.0 Out of plane orbit component

1
Fach word of variable orbit data is a 9-digit combination of the parameters te AEL Ady, and 7, .
The method of combination is as follows, where each of the 9 digits is represented'\;y the letter X:

X X XXX XXX X
Code value for signs of AE, and Second digit Vaiue of Value of One digit
AAk and first digit of b of t AE, AAk of n

2’1‘hc- decimal code value for the signs of AAk and AEk and for the first digit of 'k is as follows-

Sign of AAk Sign of AEk First Digit of tk Decimal Code Value
+ + (1] 0
- + (1} 1
+ - 0 2
- - (1} 3
+ + 1 4
- + 1 5
+ - 1 6
- - 1 7
3Quantity 7 consists of two digits rl(m) and 17“). the digits being transmitted in successive Z-minute

massages. In reconstructed form, n = 10.71( m) n(", and is partitioned as follows: n(m) is trans-

mitted in each variable parameter word whose iidiicial tim.: (UT) in minutes is divisible by 4 (zero

included); n(l) is transmitted in the next 2-minute message. In addition, n(m)
that indicates both value and sign. The codz is:

is transmitted in a code

Decimal Equivalent of Decimal Equivalent of

Transmitted BCDX3 Digit (D,) 2™ Transmitted BCDX3 Digit (D,) ™
) -0 5 +0
1 -4 6 +1
2 -3 7 +2
3 -2 8 +3
" -1 9 +4
The decoding for 1™ 1s as follows: '™ = (D, - S)when 15Dy 59 When Dy = 0, 7™ - 0.

When D:ﬁ) @ 5, q‘m) = +0. The quantity 7)(" is not coded. It should be notea that t. is modulo 15

(i.e.. rninutes) whereas the titme associated with 7y is modulo 60 minutes. Va'ﬁueu of ny for
fiducial times not divisible by 4 are obtained by interpolation.
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Table 2
, Fixed Orbit Parameters in Navigation Message
:3 Satellite Parameter No. of Sign and
Word No. Symbol Units Digits Magnltudel Definition of Parameter
- 56 t Minutes UT 9 TXXX. XXXXX Time of first perigee in the
i p maodulo 1440 time span of ephemeral
- . memory on the day when that
perigee occurs
; 62 n Degrees/ 9 S. XXXXXXXX  Mean motion of satellite
' minute minus
: three 2
‘1 68 w, Degrees 9 SXXX. XXXXX® Argument of perigee at tp
f *
L2 74 @ Degrees/ 9 S.XXXXXXXX  Precession rate of perigee
minute
3 ] 80 € Dimension- 9 SX. XXXXXXX Eccentricity
E z less
3 86 A, Meters 9 SXXXXXXXX.0' Mean semimajor axis
E ' 92 Q Degrees 9  SXXX.XXXXX Right ascension of ascend-
1 ) ing nede at t
; : P
i 98 Q Degrees/ 9 S. XXXUXXXX Precession rate of node
i minute
! 104 ci Dimension- 9  SX.XXXXXXX Cosine of inclination
less
1o n G Degrees 9 SXXX. XXX!{)‘:3 Inertial longitude of Green-
' modulo 36 wich relative to Aries at tp
116 AM cen- 9 -—-- Change in mean anomaly
*ar 1-hour time interval
! “1jused).
122 om Minutes UT 9 ~—-- sange in mean anomaly
for 2-minute time Interval
(unused).
128 St Dimensjon- 9 SX. XXXXXXX  Sine of inclination
less
i 134 AY. ———- 9 ——— Satellite frequency offset
i (unused)
140, 146 .- - 9 --- Zeros at time of "~iection?
and 152
1 Lrne first digit of each word is coded as follows:

T is transmitted as either 0 or 4; 0 is interpreted as 0, 4 is interpreted as 1.
. § is transmitted as either 8 or 9; 8 i3 interpreted aa +, 9 is interpreted as -.

o 2Thc’: value of n as received reflects only the fractional portion of n. The value
should be 3. XXXXXXXX and can be obtained by adding 3 to the received value.

) 3Always a positive value.

\ 4wOrda 122, 140, 146, and 152 are not necessary to the fix computations but may
prove helpful in the detection of satellite memory injections.
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third word {satellite word No. 20) is for the previous 2-
mirute interval. The fifth woi'd (satellite word No. 32) is T
i for the following 2-minute interval. The variable words 3

are updated every 2 minutes such that variable word 2 be-
comes variable word 1, 3 becomes 2, 4 becomes 3, etc.,
and a new variable word is introduced from satellite mem-
ory to replace variable word 8. Variable word 1 is lost.

In this way the observer receives not only the variable words
for the present Z-minute interval, but also data for the

past three 2-minute intervals and the four future 2-minute
intervals.

During data processing (described in Section 6) the
satellite orbital data are validated by a majority vote pro-
cedure that accepts data as error-free when agreement is
found in two out of three instances. The data are also pro-
cessed into tables for convenient use in the navigation so-
lution.

Navigator's Estimates

Table 3 lists the data that the navigator is required
to enter into the computer for the navigation solution.

Program Cconstants

The values of the program constants used in the
navigation solution computation are listed in Table 4.

DATA FORMATS

O TR L B P ARSI S AL AR s A ST

All the satellite data are in the form of BCDX3 bi-
nary bits which can be converted to decimal characters.
Doppler data require seven characters, or 28 bits. ITT
refraction data require four characters; Magnavox refrac-
tion data require seven characters. From Tables 1 and 2
it is seen that an orbital data word requires nine charac-
ters.

The satellite transmits orbital data in 39-bit words.
Bits 37-39 of eack word, however, are reserved for parity,
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Table 3

Navigator's £stimates

Parameter Symbol Units Magnitude
Time of first 'I‘c Hours and minutes XX h, XX min
fiducial mark GMT
Position:
Latitude o, Degrees and minutes  1XX°, XX. XXX’
+ = north
- = south
Longitude A Degrees and minttes  ~XXX°, XX.XXX'
+ = east
I - = west
Antenna height h Meters xx.x1
} Heading (course)? d Degrees clockwise XXX. X°
from true north
" Rate (apeecl)2 v knots XX.X
E
: Day number of pass iDAY Days XXX.
o H Alerts:
£ 3 Day number of last MDAY®  Days XXX.
= | o Day for which alerts
‘é are 10 be calculated

lDependf,nt upon installation; see Fig. 21.

bagad

Z,If equipment such as SINS is availible, ihe navigator may use lat.iude and

A § - longitude data 2% each fiducial marck instead of heading and rate.
. 3z

i 31f MDAY = IDAY, no alerts will be calculated.

’h;:; % Eod

¥

{

i¥

& = l

- 55 -




THE JOHNS HOPKINS UNIVERS TV
APPLIED PHYSICS LABORATORY

SILVER SPRING MARYLAND

Parameter

Initial value of
offset frequency

Vacuum wavelength at
reference frequency

Rotation rate of earth
with respect to x, y,
z coordinate system

Equatorial radius of
reference ellipsoid

Flattening cf reference
ellipsoid

Table 4

Program Constants

Symbol Units
System Constants
?o cycles/second
L, m/cycie
Earth Constants
w rad /min
e
R m
o
f dimensionless
- 56 -
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telemetry, and clock data of concern in system manage-
ment. These three bits are discarded by the 1TT and
Magnavox equipment. For simplicity, theretore, a satel-
lite orbital data word is defined here to have a 36-bit
length, and for converience in computer processing every

ool couenl

i ]

36-bit satellite orbital data word is divided in the ITT and
¢ ] Magnavox equipment into three 15-bit computer words.
4 - Similarly, doppler and refraction data are formatted in the
,,f; equipment into three 15-bit computer words, with binary
zeros being used to fill in blanks, as will be shown below.
-é Each 15-bit computer word consists of 12 data bits

plus a 3-bit identification (ID) code generated in the ve-

ceiver. The ID code sarves both to identify wheti «~ che

computer wor-i represents doppler, refraction, or orbital

o ¢ data and also whether the computer word contains the first
! 12-bit segment or a later 12-bit segment of dats.

4 bowsad

Wrmrrmy

oG
a

ITT Interface

A
)

o
Wy

Figure 22 shows examples of the 15-bit computer
words for orbital data, doppler data, and refraction data
provided by the ITT equipment. The 15-bit coraputer word
is transferred from the receiver on 15 data lines denoted
20 through 214. Data lines 20 through 22 are the ID codes,
and lines 23 through 214 are the actual data bits. The most
significant ID bit is 22. The most signifi~ant data bits are
214 210 and 26 Note that the zeros in front of the dopp-
ler and refraction data are binary zeros. The voltage
levels of the signals are such that

1]
]

E
|

I
|
I
1
|
1
1

0 1.5 volts,
-14 +3.5 volts.

logic 1
logic 0

Magnavox Interface

Figure 23 shows examples of the 15-bit computer
words provided by the Magnavox 702 equipment. The 15-
bit computer word is transferred from the receiver on 15
data lines designatzd bits 1 through 15. Bits 13 through
15 are the ID codes. Bits 1 through 12 are the actual data
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bits. Tne most significant ID bit is bit 15. The most
significant data bits are bits 12, 8, and 4. Note tha* the
zeros in front of the doppler and refraction data ase bi-
nary zeros. The voltage levels of the signals are such
that

logic 1 0 £0. 25 volt,

logic 0 = +6 volts (open circuit).

Sign

A 16-bit, binary word, general purpose computer
with input/output devices operating under programmed
interrupt control may be used for data processing and for
executing the navigaticn calculations. A computer of this
word size accommodates the 15-bit computer word and
allows the 16th bit to be used as a sign bit. All the satel-
lite data are transmitted as positive numbers; note from
Table 2, however, that positive values in some parame-
ters represent coded values for negative numbers.

Formatting Satellite Words into Computer Words

Figure 24 defines ID codes and shows the format of
36-bit words as output from the ITT and Magnavox equip-
ment in three computer words (each word consisting of 15

bits plus a sign bit). BCDX3 characters are shown as X's.

Zeros fill in the blank spaces to make up the required 36
bits per satellite word.

Figure 25 is a timing diagram for the receiver/
computer interface. In this diagram the term "word"
means the 36-bit satellite orbital data word. The figure
shows that in a 2-minute message transmitted from the
satellite three computer words of doppler data are trans-
ferred from the receiver to the computer during the oc-
currence of satellite word 3, three computer words of re-
fraction data are transferred during satellite word 5, and
75 computer words of satellite orbital parameter data are
transferred during satellite words 8-152, with three com-
puter words being transferred during each sixth satellite
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TRANSFER
NO. SIGM 1D
1 0 0200 0000 X 010
2 0 X X X on
3 0 X X X on
1 0 0000 0000 0000 100
0 G000 0000 X 10
3 0 X X X 101
1 0 X X X 110
2 X X m
3 X X X
ITT OUTPUT

X = BCOX3 CHARACTER

DOPPLER
DATA

REFRAC-
TION
DATA

ORBITAL
PARAM-
ETER
DATA

SATELLITE
DATA
TYPE

SIGN ID

0
0

0 010 0000 0000 X

m X X X
111 X X X

0 100 0000 0000 X
0 m X X X

<

110 X
m X X X
m X X X

MAGNAVOX OUTPUT

Fig. 24 FORMAT OF DOPPLER, REFRACTION, AND ORBITAL DATA DIVIDED INTO
COMPUTER WORDS IN THE ITT AND MAGNAVOX RECEIVERS
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word. From Table 2 it may be observed that the data in
satellite words 116, 122, 134, 140, 146, and 152 are not
required in the navigation routine. Satellite words 122, 140,
146, and 152 contain data that may be used in determining
whether the satellite message was updated during a particu-
lar 2-minute interval by the ground injection station. This
featur= will be described in greater detail in Section 6.
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6. DATA PROCESSING

The objectives of the real-time processing done on
the satellite 2-minute messages are to obtain the fixed
orbital parameters, to obtain the variable orbital parame-
ters and the doppler and refraction data and arrange them
in time ordered tables with due regard for any missing
data, and to check the validity and accuracy of the data in
preparation for use in the calculation of the navigation fix.
During this process a check is also made to determine if a
new message has been injected into the satellite and appro-
priate action taken if it has. The data supplied by the navi-
gator are also obtained. The processing steps to accomp-
E lish these objectives are as follows:

Ty TR IR i

VSIRR LT

[l AT
Voo Avarestet

buing the first 2-minute message the variable and
-{g fixed orbital parameters are obtained.

During the second 2-minute message the d . ler
g data for the first 2-minute interval are obtained anu .ali-
§ dated, a check is made that the fixed and variable data
were obtained during the first 2-minute message, the re-
3 ;i fractior correction data for the first 2-minute interval are
3 : obtained, and the variable and fixed orbital parameters in
the second 2-minute message are obtained.

& During the third 2-minute message the doppler data
for the second 2-minute intervd! are .obtained and validated,
a check is made that a new message has not been inject=d
into the satellite memory, the differences beiween the
orbital parameters obtained in the first and second 2-
minute messages are calculated, with due regard for the
precession of the variable data, the refraction correction
data for the second 2-minute interval are obtained and
validated, and the variable and fixed orbital parameters

in the third 2-minute message are obtained.

PRECEDING PASE BLANK
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During the fourth 2-minute message the doppler
and refraction data are collected anc validated, the new-
message check is done, and for each orbital parameter a
determination is made if agreement exists in two of the
three messages by a majority vole process. Finally, for
any parameter for which a majority vote was not obtained,
a new value is obtained from the fourti message.

These procedures are repeated during successive
2-minute messages until the satellite pass is over or un-
til doppler and refraction data have been obtained fo: nine
2-minute intervals. If loss of lock occurs for a time dur-
ing the pass, pointer registers keep place in the data tables
and appropriate missed data entries are made. If the in-
jection check finds that the sateilite is transmitting a new
message and majority voted data have not yet been ob-
tained, message collecticn begins again.

At the end of the pass the data are formattzd from
BCDX3 to floating point and the navigator enters values
for his estimates of sync time, positicn, antenna height,
heading, rate, day number of pass, and the irterval for
whick be desires alerts.

The following seciions ancd accompanying flow charts
describe the detailed procedures that cccur during real-
time data processing of each 2-minute ~ztellite message.
For convenience in later reference, the fiow charts tor
both the data processing program described in this Sec-
tioen and the FORTRAN navigation program described in
Section 8 are grouped together in Appendix 4. The nomen-
clature used in the flow charts is also used in this descrip-
tion and will be defined at its first mention. The final
part of this Section describes modifications to the real-
time procedures to allow their use in postpass navigation.
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INITIALIZATION

During initializaiion (Fig. A-1) the program con-
stants are read into memory storage; tables and inter-
rupt interface addresses are set to their assigned loca-
tions; and the flags, cournters, and pointers used for place
keeping and for denoting 1he status of program execution
in the particular computer being used are¢ set to their ini-
tial values and locations. Figure 26 shows, for example,
the arrangement and initialized values in eight tables that
are used in one representative computer program for
stocing the doppier, refraction, and orbital data. This
arrangement requires 321 storage locations for the eight
tables. The table locations (shown in octal notzticn) ~re
specific to this particular computer prograr: =nd cre in-
cluded here only for reference in discussir ¢ ihe datu pro-
cessing procedures.

The data stored in the tables are as fnilows: Tal'e
FPCR is used to store the fixed parameters in each 2 -
minute satellite message; Table FPVD is used to store
the fixed parameters that either will be subjected to the
majority vote test or have passed this test; Table FPER
is used to keep track of those parameters that have
passed the majority vote test and also the errors in those
parameters which have not passed the test. Tables VPCR,
VFYD, and VPER perform these same functions for the
variasble parameters. Tables DOPS and REFS store the
doppler and refraction data, respectively.

During initialization, Tables FPCR, FPVD, VPCR,
and YPVD are set to values of BCD zerc, Tables FPER and
VPR are set to values of binary -2, and Tables DOPS and
REFS are set to values of BCDX3 zero. The -2 values in
ercor tables FPER and VPER are used in the majority vote
process, as evplained in later sections. The BCDX2 zero
vaiues in the doppler and refraction tables are the values
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to which entries in these tables should be set if they repre-
sent missing entries. The other tables are set to BCD
zero values to eliminate the possibility of data accumulated
during previous passes from entering into the calculations
for the present pass.

Figure 26 also shows the beginning locations of the
eight pointer registers used to keep place in the eight data
tables. In seven of the tables the pointer registers are set
to the beginning addresses of the tables. For Table REFS,
however, pointer register RE-1 is set tc a location three
entries before the beginning of Table REFS. This arrange-
ment provides for updating the pointer registers after re-
ceipt of the doppler data, as wili be described in a iater
section.

TEST FOR INTERRUPT

The computer on which this program is designed
for execution is one that operates under interrupt control.
An interruptisanaction occurring independently of the
program that causes a change in the sequence of program
execution. The irterrupts accommodated in this program
are the transfers of data from the receiver or the input-
output device (assumed here to be a teletypewriter) and
the transfer of data from the computer to the teletype.
The occurrence of an interrupt is a computer hardware
function that forces a transfer to a dedicated loc:tion in
the computer memory. In the particular computer for
which this program was written the dedicated location is
location 63. The interrupt sequence is as follows:
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After initialization, the program dweiis in subrou-
tine INP3, the test for first interrupt. Si:broutine INP3
(Fig. A-1) checks, in turn, whether d:.a have been trans-
ferred to the computer from tt: receiver or whether SW 2
has been set, indicating that the renavigation (ESM) option
is to be executed. Thnis latter situation will be covered at
the end of the real-time procedures. In a real-time pass
subroutine INP3 will be interrupted when data are entered
into the computer, and program control will be transferred
through dedicated location 63 to the address of subroutine
INTR, the interrupt processor.

INTERRUPT PROCESSOR

Subroutine INTR (Fig. A-16) checks, in turn,
whether the interrupt represents the receiver or the tele-
type. In a real-time pass t’ e first interrupt will be from
the receiver, signaling the beginning of the processing of
the first 2-minute message. Program control will trans-
fer to subroutine RCVD, the receiver interrupt.

iD CODE SEQUENCE

Before describing the processing of the first re-
ceiver interrupt it should be noted that if no loss cf lock
occurs, a total of 81 receiver interrupts in the format
shown in Figs. 22 and 23 are generated during each 2-
minute interval of a satellite pass. It is convenient to con-
sider the transfer of data from the receiver in terms of
the sequence of ID codes that will occur during a 2-minute
message. Figure 27 shows this sequence for the ITT re-
ceiver data. The mnermonic shown under each ID code will
be used in the following description of the processing of
the real-time receiver data. It should be noted in Fig. 27
that the first and second occurrences of DP2, RF2, and
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MG2 are not uniquely coded, thus necessitating the use of
an interrupt count switch in the computing program to
monitor sequence. In addition the transition from the
ephemeral to the fixed portion cf the orbital parameters
is not uniguely coded and a counter is needed to monitor
this transition.

RECEIVER INTERRUPT

Returning to the processing of the first receiver
interrupt, subroutine RCVD (Fig. A-17) accepis the 15-
bit computer word being transferred from the receiver,
storing the 3-bit ID code and the 12-bits of satellite data
in buffer storage registers and setting receiver flag RCFG.
Three buffer registers are used for storing the satellite
data, one each for the three computer word transfers that
make up one satellite word. Index register XREC is used
to distinguish among buffer registers. After RCFG is set,
return is made through subroutine INTR to the point at
which subrouiine INP3 was interrupted, unless a teletype
interrupt has occurred, in which case this interrupt will
also be processed. Subroutine INP3 will determine that
the first interrupt has occurred (by noting that receiver
flag RCFG has been set), and will transfer complete pro-
gram control to subroutine IDLE.

SUBROUTINE IDLE

Subroutine IDLE (Fig. A-2) is the subroutine to
which the program returns after processing each of the 81
interrupts during every 2-minute message. The subrou-
tine checks, in turn, whether a receiver interrupt has oc-
curred, whether 2 minutes have elapsed, and whether 16
minutes of duppler data (eight doppler counts) have been
collected. It also controls entry to subroutine INCR which
increments time once per minute by updating program
clock register CLOC. During its first execution, however,
subroutine IDLiE will note immediately that the first re-
ceiver interrupt has occurred and transfer program control
to subroutine IDL2.
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SUBROUTINE IDL2

Subroutine IDL2 (Fig. A-2) resets receiver flag
RCFG in preparation for receipt of the next receiver inter-
rupt and then tests the ID code that was stored in the buffer
register during subroutine RCVD. Transfer will then be
made to subroutine DP1, DP2, RF1, RF2, MG1, or MG2,
depending on the value of the ID code. In normal real-
time data processing the first code to be transferred after
sync recognition in the receiver will be the code for sub-
routine DP1. Transfer to subroutine DP1 therefore marks

the beginning of the processing of the first 2-minute
message.

FIRST TWO-MINUTE MESSAGE

Doppler and Refraction Count Words

Subroutine DP1 (Fig. A-3) checks whether 16 min-
utes of doppler data have been obtained, sets the teletype-
writer in preparation for data printout, resets internal
program clock register CLOC to zero to mark the begin-
ning of the 2-minute interval, and sets sync time register
SYNC to a value of 2 minutes to mark the expected time of
the next 2-minute interval. Doppler and refraction data
are the first receiver outputs in a 2-minute message and
apply to the preceding 2-minute interval. Consequently,
in the first 2-minu'e interval after sync recognition these
data are meaningless. The computer program takes cogni-
zance of this fact by testing message sync flag FDOP.
This flag will not be set until first exacution of subroutine
MG1. Until then the program discards the doppler and
refraction data, returning to subrou.ine IDLE after each
check for message sync in subroutines DP1, DP2, RF1,
and RF2 (Figs. A-3 and A-4).

Orbital Parameter Word No. 1

First 15-Bit Transfer. The check on the ID code
in subroutine IDLE of the first 15-bit transfer for orbital
parameter word No. 1 directs execution of subroutine MGI1.
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Subroutine MG1 (Fig. A-5) begins by setting message
sync flag FDOP, thus allowing data storage to begin. In-
asmuch as ir. a 2-minute satellite message the satellite
orbital parameter data are transmitted as eight variable
parameters followed by the fixed parameters, the data re-
ceived during orbital parameter word No. 1 and stored in
the first buffer register during receiver interrupt routine
RCVD are variable data. These data are placed in Varia-
ble Parameter Current Word Table VPCR at the locaticn
specified in register VPR, the pointer register for this
table. The pointer register is then incremented by a
value of 1. The next time data for this table are obtained
from the receiver; the pointer register will indicate that
the data are to be stored at the next locatiun in the table.
Interrupt count switch INTC is then set, in preparation for
use during the second and third 15-bit transfers, and pro-
gram control returns to subroutine IDLE.
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Second 15-Bit Transfer The check on the ID code
in subroutine IDLE of the se. { 15-bit transfer for orbital
parameter word No. 1 dire. :xecuticn of subroutine MG2Z.

Subroutine MG2 (Fig. A-5) begins by testing mes-
gsage sync flag FDOP. This flag has been set in subroutine
MG1, just completed; therefore, tl._s test directs place-
ment of the data stored in the buffer register during re-
ceiver interrupt routine RCVD in Variable Parameter Cur-
rent Word Table VPCR at the location specified in register
VPR, the pointer register for this table. Program control
then transfers to subroutine COLL.

AL o ST

Subroutine COLL (Fig. A-6) incremenis index reg-
ister XREC, used to distinguish among the buffer registers
in receiver interrupt subroutin : RCVD, and then resets
interrupt count switch INTC. When reset, this switch in-
dicates first execution of subroutine M@G2Z; when set it in-
dicates second execution. The test on the switch after -
setting indicates that this is not the third interrupt for
orbital parameter word No. 1, directing return to sub-
routine IDLE. ~
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Third 15-Bit Transfer’. During this second execution

of subroutine MG2 the test in subroutine COLL (Fig. A-6)
determines that this. .nterrupt is the third 15-bit transfer
and therefore directs return to s :broutine MG2 (Fig. A-5).
The data for the comple 2 orbital parameter word (all three
interrupts) are then converted t¢ ASCII format in subrou-
tine PROC (Fig. :5-13) and stored for printout. Transfer

is then made to subroutine PRNT.

Subroutine PRNT (Fig. A-11) retrieves the address
of the register containing the ASCII-formatted data and
stores this address for use in subroutine TTYT. The status
of the teletypewriter is checked in subroutine TEST (Fig.
A-11). The teletypewriter interrupt is enabled, and when
subroutine TEST confirms ihat the teletypewriter is not
busy, subroutine INTR (Fig. A-16} transfers program con-
trol via dedicated location 63 to subroutine TTYT (Fig.
A-18), which controls the data printout. At this point,
therefore, orbital parameter word No. 1 is stered in Table
VPCR in BCDX3 format, as transmitted from the satellite,
and also printed out on the teletypewriter in ASCII format.
Return is made to subroutine MG2 (Fig. A-5) where regis-
ter WORD is incremented from zero to cne, marking the
completion of the processing of orbital parameter word
No. 1. Receiver index cowuter register XREC is set to
zero in preparation for the processing of the next word,
and program control returns to subroutine IDLE.

Orbital Parameter Words Nos. 2-25

The sequence described above for orbital parameter
word No. 1 is repeated for orbital parameter words Nos.
2-25 with one difference. At the completion of the eighth
word, register WORD will contain the number 8. A test
on register WORD will determine that eight words have
been processed and that, therefore, the next word to be
processed is the first of the fixed parameters. This re-
sult directs storage of words 9-25 in Fixed Parameter Cur-
rent Word Tzble FPCR. Afte:r word 25 the processing of
the first 2-minute message is compiete, and the program
returns to subroutine IDLE until occurrence of the receiver
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interrupt marking the beginning of the second 2-minute
message.

Figure 28 shows the status of the eight data tables
and pointer registers at the end of the first 2-minute mes-
sage. Table FPCR in Fig. 8 has been annotated with the
symbols for the fixed paraineters to facilitate comparison
with Table 2. In Table VI¥'CR, sync time is desigrated by
the symbol T,, and the table entries are shown at the 2-
minute intervals (referred to T, ) that occur in the first 2-
minute message. The changes that have occurred in the
major counters, registers, flags, and swiiches during the
first 2-minute message are summarized in Table 5.

SECOND TWO-MINUTE MESSAGE

Dopvler Count Word

First 15-Bit Transfer. Subroutine DP1 (Fig. A-3)
proceeds as described above for the first 2-minute mes-
sage through the check of message sync flag FDOP. FDOP
was set at the beginning of message data word No. 1 in the
first 2-minute message and thus directs execution of sub-
routine BCXS.

Subroutine BCXS (Fig. A-7) checks whether the
doppler data stored in the buffer register during subroutine
RCVD are valid BCDX3 characters. A character with a
BCDX3 value between 0 and 9 (including those values) is
accepted as valid. A character outside the range 0-9 is
invalid; the subroutine replaces invalid characters with a
value of BCDX3 zerc. Return is then made to subroutine
DP1 (Fig. A-3) where the valid character is stored in dopp-
ler word Table DOPS at the location given in pointer regis-
ter DO4. Register DO4 is incremented, and interrupt
count switch INTC is set in preparation for its later use in
determining the first and second occurrences of subroutine
DP2. Return is then made to subroutine IDLE.

Second 15-Bit Transfer. Subroutine DP2 (¥ig. A-3)
proceeds as described above for the first 2-minute message
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Table 5

Summary of Changes in Major Counters, Registers, Flags,
and Switches During the First 2-Minute Message

Narae
ESM/Real-Time Switch

Interrupt Count Switch

Orbital Word Counter

Receiver Interrupt Flag

Prograra Clock Register

Sync Time Register

Message Sync Flag

Receiver Index Counter

Mnemonic
Sw2
INTC

WORD

RCFC

CLOC

SYNC

FDOP

XREC

- 78 -

Action
Set to real-time position.

Set in subroutine MG1, reset
in first execution of subroutine
MG2, set in second executicn
of subroutine MG2.

Initialized Lo zero; incremented
at each odd execution of sub-
routine MG2.

Set in subroutine RCVD; reset
in subroutine IDL2.

Initialized to zero; incremented
once per minute in subroutine
INCR.

initialized to zero; reset to a
value of 2 minutes in subrou-
tine DP1.

Initialized to zero; set in sub-
routine MG1.

Initialized to zero; incremented
in eacn execution of subroutines
MG1 and MG2; set to zero at
end of subroutine MG2.
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through the check of message sync flag FDOP. As stated
in the previous section, FDOP was set at the beginning of
message data word No. 1 in the first 2-minute message
and thus directs execution of subroutine BCXS.

T AT e s o Az i iy Lomr A R 2]
p— ey e N S R

R I o B o I o T s B

ros

Subroutinre BCXS (Fig. A-T7) and the storage of the
doppler word in doppler word Tabl» DOPS proceed as de-
scribed in the previous section. Subroutine COLL (Fig.
A-6) then checks for the second or third interrupt. Since
this is the second 15-bit transfer, return is made to sub-
routine IDLE.

-

Third 15-Bit Transfer. During this second execu-
tion of subroutire DP2, the test in subroutine COLL (Fig.
A-6) determines that this interrupt is the third 15-bit trans-
fer and therefore directs return to subroutine DP2 ( Fig.
A-3). A test is made to confirm that the value stored in
Table DOPS during the previous execution of subroutine
DPI is not BCDX3 zero. If it is not, this result is con-
strued as a valid transfer, doppler flag DPFG is incre-
mented, and program controltransfers to subroutine VALD.

WP Py

Subroutine VALD (Fig. A-8) begins by testing for
an injection. At this pocint it is assumed that the test finds
no injection has occurred; the section on Injection during
Pass describes the program procedures when injection has
occurred. Program controi then transfers to subroutine
VALIL

TN R YT AR P

Subroutine VALI (Fig. A-9) examines, in turn, the
status of error Tables FPER and VPER for the fixed and
variable parameters, respectively. At this point in the
second 2-minute message these tables contain the value -2.
The subroutine increments the error tables to a valv . of
-1, and fills Tables FPVD and VFVD with the values in
Tables FPCR and VPCR, respectively. Majorit, vote
count registe> MJV1 is incremented, and program control
transfers to subroutine UPTB.

Subroutine UPTB (Fig. A-7) increments message
count register M3SCT from zero to one and resets the
addresses of the pointer registers for the eight data tables

A
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to their initialization values. A test is then made on mes-
sage count register MSCT, which advances the values in
the pointer registers for Tables VPVD, VPER, DOPS, and
REFS three locations per message. The MSCT value of 1
directs advancement of the four pointer registers by three
locations. Figure 29 shows the status of the eight data

tables and pointer registers after execution of subroutine
UPTB.

The doppler data are converted to ASCII format in
subroutine PROC (Fig. A-13) and printed out on the tele-
type in subroutine PRNT (Fig. A-11) in the same manner
as described for orbital parameter word No. 1 in the pre-

vious section on the Third 15-Bit Transfer. Program con-

tirol returns to subroutine IDLE.

Refraction Count Word

First 15-Bit Transfer. The check on the ID code
in subroutine IDLE of the first 15-bit transfer for refrac-
tion count word No. 1 directs execution of subroutine RF1.

Subroutine RF1 (Fig. A-4) finds that message sync
flag FDOP has been set and therefcre stores the data in
refraction Table REFS at the loc#!i:n specified by pointer
register RE-1. From Fig. 24 ncte that the value for this
first transfer of refraction data is always equal to BCD
zero. Program control then returns to subroutine IDLE.

Second and Third 15-Bit Transfers. The check on
the ID code in subroutine IDLE of the second and third 15-
bit transfers for refraction count word No. 1 directs exe-
cution of subroutine RF2.

Subroutine RF2 (Fig. A-4) is executed twice, and
the sequence for table storage and printout just described
for the doppler data is repeated for the refraction data.

Orbital Parameter Words Nos. 1-25

The seguence described above for orbital parame-
ter words Nos. 1-25 in the first 2-minute message is
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repeated for these same words in the second 2-minute
message. Figure 30 shows the status of the eight data
tables and pointer registers at the end of the second 2-
minute message. The changes that have occurred in the
major counters, registers, flags, and switches during the
second 2-minute message are summarized in Table 6.

Chn A A
et e P P I AT T YUY ¥

TRV,

THIRD AND FOURTH TWO-MINUTE MESSAGES

During the third execution of the subroutines de-
scribed above for the first and second 2-minute messages,
subroutine VALI (Fig. A-9) will find a BCD value of -1
stored in error Table FPER and the first 24 positions of
error Table VPER.

With respect to the fixed parameters, this result
directs execution of an exclusive-or comparison, line by
line, of the entries in Tables FPCR and FPVD, with the
result of the comparison being stored on the corresponding
line in Table FPER. Inasmuch as an exclusive-or com-
parison yields a one bit for each two binary bits that are
different, but a zero bit for each two binary bits that are
alike, the resultant entries in Table FPER will be the
differences between the entries in Tables FPCR and FPVD.
In this particular program, which uses two's complement
arithmetic, the numbers -2 und -1 are picked for the
initial entries in Table FPER because in two's complement
arithmetic neither number is likely to occur as an end re-
sult of the exclusive-or comparison.

With respect to the variable parameters, an exclu-
sive-or comparison is made of the entries in Tables VPCR
and VPVD, with the result stored in Table VPER. For the
variable parameters the pointer registers VPV and VPE
are set such that data for the same time interval are com-
pared. Pointer register VPE is also set such that the
comparison result is entered in Table VPER on the line
corresponding to the entry in Table VPVD. Figure 31
shows the status of the eight data tables and pointer regis-
ters at the end of the processing of the doppler data in the
third 2-minute message.
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Name
Orbital Word Counter
Receiver Interrupt Flag
Program Clock Register
Sync Time Register

Interrupt Count Switch

Message Sync Flag

Receiver Index Counter

Majority Vote Counter

Message Counter

Table 6

Summary of Changes in Major Counters, Registers, Flags,
and Switches During the Second 2-Minute Message

Mnemonic

WORD
RCFG
CLOC
SYNC
INTC

FDOP

XREC

MJVv1

MSCT

-84 -

Action

Same as for first 2-minute
message.

Set in subroutines DP1, RF1,
and MG1: reset in first execu-
tion of subroutine COLL, set
in second execution of subrou-
tr e COLIJ.

No change.

Incremented in each execution
of subroutires DP1 and DP2,
then set to zero at end of DP2.
Incremented in each execution
of subroutines RF1 and RF2,
then set to zero at end of RF2.
Incremented in each execution
of subroutines MG1 and MG2,
then set to zero at end of MG2.

Initialized to zero; incremented
in subroutine VALIL.

Initialized to zero; incremented
in subroutine UPT B.
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During the ‘ourth 2-minute message the content of
Tables FPER and VPER will again be examined in subrou-
tine VALI (Fig. A-S). If the entry on any given line of
these tables is zer . .he corresponding lines of Tables
FPCR and FPVD (or VPCR and VPVD) agree and hence the
line in Table FPVD (or VPVD) contains valid, majority-
voted data.

Alternatively if the entry on any given line of Tables
FPER and VPER is not zero, validation is to be performed
as follows:

(a) An exclusive-or cormparison is made between

the entries in Tables FPCR and FPVD {or VPCR and VPVD),

with the result placed temporarily in a result register. At
this point in the fourth 2-minute message Tables FPCR and
VPCR contain the data from the third 2-minute message.
Tables FPVD and VPVD contain data from the first 2-
minute message. Tables FPER and VPER contain the re-
sults of the exclusive-or comparison on data from the first
and second messages.

(b) A logical-and operation is now made on the re-
sults of the two exclusive-or operations with the result re-
placing the previous result in the result register. Inas-
much as a logical-and operation results in a one bit for
each two bits that are one bit and a zero bit otherwise, the
word in the result register reflects differences between
the word in the first massage and the words in both the
second and third messages.

(¢) The result of the logical-and operation is then
exclusive-or' ed with the validated table word to comple-
ment ‘he bits in error, and the error table entry is set to
the new error pattern. This process will continue until
there is a zero error result.

Figure 32 summarizes the validation process us-
ing as example the entry 100 011 010 001, or (in octal
notation) - 321(g). The example assumes that in the first
2-minute message this entry is received as 5321(g), in the
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second 2-minute message as 4331(8), and in the third 2-
minute message as 4421(gy . After initialization (step 1)
processing of the entry is done in the second, third, and
fourth messages with the results shown in Fig. 32 in Steps
2, 3, and 4, respectively. The values of -2 and -1 shown in
the error word column entries for steps 1 and 2, respec-
tively, are in two's complement format.

After a majority vote is reached for the data on any
particular line in Tables FPVD and VPVD, new data read
into the corresponding euntry in Tabies FPCR and VPCR
during subsequent 2-minute messages are Giscarded

TWO-MINUTE MESSAGES NOS. 5-9

The above procedures are repeated for Zz-minute
messages Nos. 5-9 such that at the end of the ninth mes-
sage the data tables will appear as shown in Fig. 33, and
the check on the number of doppler counts in subroutine
IDLE will transfer program control to subroutine NAV.
Before discussion of this subroutine, two situations that
can affect the real-time program are discussed. These
two situations are loss of lock and injection during a pass.

MESSAGE DEVIATIONS

Loss of Lock

A system re- 'irement is that the relative time
associated with a 2-minute interval and a particular vari-
able parameter data set be known, i.e., the actual time
that a doppler counting interval spans and the associated
set of variable parameters for that 2-minute interval.

Time synchronization of doppler data is accomp-
lished by making use of satellite time. The satellite trans-
mits a sync word every 2 minutes at an integral universal
2-minnte time. This sync word time detesmines the dopp-
ler counting interval. However, if a receiver loses lock
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from tha satellite during a particular ipierval, doppler
counting d.acontinues until lock is regained and the receiver
regains »ateliite time sync. Ome or more doppler counts
can be lost during thi:: tinie. Once lock is regained, it is
the responsibility of the computer program to locate the
right time slot for the doppler da.a.

This is also true for the variable parameter data,
since time dependent variable parameter data precess
through the message set one satellite word every 2 minutes;
i.e., at the end of transmission of cne 2-rainute interval of
data in the variable parameter portion, parameter 2 be-
comes parameter 1, 3 becomes 2, 4 becomes 3, etc., and
a new parameter replaces parameter 8. For the purpose of
real-time validation it is required that a variable parameic-
set be referenced to the correct relative time interval.

A programmed counter can be used to detect 1..1- sing
doppler counts and thereby use the occurrence or detected
nonoccurrence of doppler data to update table storage ad-
dresses. A method for accompiishing this function is as
follows:

If the receiver loses lock on the satellite signal,
interrupt flag RCFG will not be set, and the program will
continue to dwell in subroutine IDLE, with time being incre-
mented in subroutine INCR and the 2-minute elapsed test
being made in subroutine TES2 (Fig. A-8). When the con-
te.«” of registers SYNC and CLOC become equal, 2 minutes
have elapsed and subroutine TES2 will check Jdoppler flag
DPFG to determine if valid doppler data have been received.
If loss of lock occurred before valid doppler data have been
received, then the doppler flag will not have been set and
the table updating done in subroutine DP2 will not have been
executed. In subroutine TES2 the finding that the doppler
flag has not been set will direct transjer of program control
to subroutine UPTB.

Subroutine UPTB (Fig. A-7) is executed as previously
described with message count register MSCT being incre-
mented as before. This result will cause the pointer regis-
ter for Tables VPVD, VPER, DOPS, and REFS to skip over
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the table positions where the missing data would have been.
For this reason the initialization entries in Tables DOPS
and REFS are selected to be the correct entries for miss-
ing data. Return is made to subroutine TES2, which directs
transfer to subrcutine RESE.

Subroutine RESE (Fig. A-7) resets internal program
clock register CLOC to zero to marl: the beginning of the
Z2-minute interval and sets register SYNC to a value of 2

inutes to mark the time of the next 2-minute interval.
Program control then returns through subroutine TES2 to
subroutine IDLE where the routine repeats as described
above until the operator terminates the collection of real-
time data from the receiver, or until the next receiver in-
terrupt occurs.

Injection During Pass

By eeed e wmenl  WAW P2 D

The test to determine if an injecfion has been made
o during the pass occurs in subroutine INJT to which transfer
is made during subroutine VALD (Fig. A-8).

s Subroutine INJT (Fig. A-9) checks whether two or
& more 2-minute messages have been received. If they have,
a comparison is made between the times of perigee in the
- two messages, which will be in Tables FPCR and FPVD.
Inasmuch as the sateilite message is updated by the ground
injection station twice per day at approximately 12-hour

> intervals, the change in the value of perigee time in the two

- messages will yield a bit difference of 6 or greater, if an
injection has occurred. If an injection has occurred, a

s test will then be made on majority vote count register MJV1

- to determine how many majority-voted, valid messages

have been received. If three or more valid messages have
been cbtained, sufficient data are already available for use
in the fix calculati-ns and return is made to subroutine
VALD.

If the number of valid messages is less than three;

T
&
there will not be a sufficient amount of data aveilable to
I complete the majority vote process because the satellite is

-91 -




R R R A Womm D ETE TS STy

BT RASTI T
FarAs

i P o Ly Jhvaies S e R A R ot

T TR RIS A T

THE JOUNS HOBKING UNIVERSITY
APPLIED PHYSICS LABORATORY

SUVER SPRING MARYLAND

transmitting an updated message and no further data from
the old message will be obtained. This result directs that
Tables FPER and VPER be reset to -2 again so that the
meajority vote process may be conducted with the updated
message, and return is made to subroutine VALD.

An aircraative method for detecting injection uses
satellite words 140, 146, or 152. At the time of an injec-
tion these words are transmitted with a value of binary
zero. This method has the disadvantage that it is not relia-
ble if the receiver loses lock during iniection.

SUBROUTINE NAV

Determine Validity of Variable Parameters

Returning to subroutine NAV (Fig. A -1) the first
operation is a check to deterinine if any of the entries in
variable parameter majority voted word Table VPVD did
not pass the majority vote test. For this operation, pro-
gram control passes to subroutine VPTS.

Subroutine VPTS (Fig. A-12) begins by summing
the three lines in variable parameter majority voted word
Table VPER corresponding to the entry for the time inter-
val 2 minutes before sync time {T, -2). If the sum is zero
the three lines in variable parameter majority voted word
Table VPVD for T_ -2 are valid data. The subroutine re-
peats until all the variable data received in the interval
from 2 minutes before sync time through 18 minutes after
sync time are examined.

Assume now, for example, that the entry for a 2-
minute entry, say T +4, did not pass the majority vote
test, i.e., the sum of the entries in Takle VPER for the
three transfers is not zero. Subroutine VPTS sets the
three lines in variable parameter majority voted word
Table VPVD for the entry T, +4 to a value of binary zero
and alsc sats the two doppler words N; and N, (i.e., the
two doppler words centered on time T +4) to a value of
BCDX3 zero. Deleting these two doppler words minimizcs
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the error in the pcition of the navigation mathematic rou-
tines in which the diiferences in the actual and theoretical
satellite positions at this time are determined.

The program concludes by discarding the variable
data for the intervals for which the data are not received
three times (i. e., those prior to Ty-2 and after T, +18),
and program control then returns to subroutine NAV.

Punch Majority Voted Data, Doppler Data, and Refraction
Data on Tape

The next operaticn in subroutine NAV is to punch a
tape for the majority voted data, the doppler data, and the
refraction data. For this operation, control passes to
subroutine PTAP.

:
i
|
1
I
[
I

Subroutine PTAP (Fig. A-11), using subroutines
PROC and PRNT, causes the 17 fixed parameter majority
. voted words, the 11 variable parameter majority voted
3 : words for the 2-minute intervals from T, -2 through T +18,
the eight doppler words, and the eight refraction words to
A G- be printed out on the teletypewriter in ASCII format and also
3 § punched on tape in ASCII format. Program control then re-
R turns to subroutine NAV.

, Convert Fixed Parameters, Donpler Data, and Fefraction
Data to Floating Point Format

o The next operation in subroutine NAV is to convert
the fixed parameters, doppler data, and refraction data to
floating point format. For this operation program control
passes to subroutine FMTT.

o |

Subroutine FMTT (Fig. A-14) converts the fixed
parameters, doppler data, and refraction data from BCDX3
format to BCD format and then to floating point format.

With respect to the fixed parameters, Table 2 shows that

the coding of the most significant digit in the value for time
of perigee differs from the coding of the most significant
digit in the values for the remainder of the fixed parameters.
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A test is made in subroutine FMTT therefore to locate b
time of perigee and convert the first character from the

coded value in Table 2 to the conventional BCD value. In

addition, all the data are treated as integer values; i.e.,

it is assumed that each value is multiplied by the proper

: power of 10 to make it an integer.

T r i ettt P | HEIA

For example, time of perigee, i.e., the first fixed

3 parameter received from the satellite, is a number con-

3 sisting of four integer places and five fractional places.

The configuration of the number is thus XXXX. XXXXX.

For purposes of the conversion from BCD to floating point
it is assumed that this number is multiplied by 109, thus
making it an integer. Later in the navigation math routines
the value of time of perigee will be multiplied by 1072 to
give it its proper scaling again. The advantage of this pro-
cess is that a straightforward BCD to binary routine can be
vsed in subroutine FMTT which does not have to account for
the scaling of the various parameters. Later in the naviga-

tion mathematical routines these scalings can be accounted I

for very easily.
Program control returns to subroutine NAV.

Convert Variable Parameters to Floating Point Format

The next step in subroutine NAV is to convert the
variable parameters from BCDX3 format to BCD format
and then to binary floating point format. Next the variable
data for each 2-minute entry are separated into their con-
stituent components, i.e., the out-of-plane component (1),
the correction (AE) to the eccentric anomaly, and the cor-
rection (AA) to the mean semimajor axis. Program con-
trol transfers to subroutine VPMC.

Subroutine VPMC (Fig. A-14) begins by checking
the variable parameter entries in Table VPVD to determine

if they are binary zero (see section on Subroutine NAV). T
if they are, the nrogram makes no change in their value. ~*
If they are not, the program converts the data from BCDX3

to BCD.

- 94 -




e B Y T RN Y Y R0 7 £ [ I

THE JOHNS HOPKING UNIVERSITY
APPLIED PHYSICS LABORATORY
SILVER SPRING MARYLAND

Collect Navigator's Estimates

POSI.

- 95 -
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Next the value of the out-of-plane term is extracted
from its location in the third transfer of each of the varia-
ble parameters. The out-of-plane term is reconverted to
BCDX3 format and then checked in subroutine BCXS (Fig.
A-T7) to determine if it is a legal BCDX3 character. If the
term is a legal BCDX3 chacacter it will be reconverted to
BCD, formatted to binary floating point, and stored. If it
is an illegal BCDX3 character the term is also formatted
to binary floating point and stored, but as a negative value.
The negative value will be used to delete the illegal data
during the navigation mathematical routines.

The program next converts the data for the correc-
tion (AA) to the mean semimajor axis and the correction
(AE) to the eccentric anomaly into binary floating point.

Lock-on (T) time is next converted to binary float-
ing point and the program returns to subroutine NAV.

The next step in subroutine NAV is to collect the
navigator's estimates of sync time, position, anienna
height, heading (course), rate {speed), day number of
pass, and the day numbers of the period for which alerts
are desired. Program control transfers to subroutine

Subroutine POSI (Fig. A-15) requests the naviga-
tor to enter the estimates in the format shown in Table 3.
The program reformats the data as shown on Fig. A-15
and stores them for use in the navigation math routines,
described in Sections 7 and 8. These navigation math rou-
tines will follow immediatei , unless the navigator
terminates the program. Befoi'e the math routines are
discusse , however, the modifications to the real-time data
processing procedures to allow their use in nonreal-time,
or off-line postpass data processing. will be described.
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NONREAL-TIME DATA PROCESSING

Nonreal-time data processing is done if the naviga-
tor wishes to renavigate the pass data or if he wishes to
execute the navigation math routines using pass data col-
lected at a previous time. The data may be in the form of
punched tape prepared as described in the previous sec-
tion or may be a manual input from the teletypewriter. To
select the nonreal-time option the navigator sets the appro-
priate switch on the computer console {SW2 in the example
shown in Fig. A-1). The navigator may also elect to pre-
pare a punched tape by setting another switch (SW4 in the
example shown in Fig A-1) on the computer console.

The program (Fig. A-1) is executed as described
in Section 6. In the test for interrupt, subroutine INF3
will find SW2 set and transfer control to subroutine ESW.

Subroutine ESM (Fig. A-1) begins by transferring
program control to subroutine READ.

Subroutine READ (Fig. A-10) directs the navigator
to enter the fixed and variable parameters, the doppler
data, and the refraction data either as punched tape or
manually through the teletypewriter keyboard in ASCII
format.

As each group of nine characters is entered, sub-
routine INPU (Fig. A-13) converts the entry to BCDX3
format and stores it in the appropriate locations in Tables
FPVD, VPVD, DOPS, and REFS.

Depending on the setting of SW4, program control

will transfer to either subroutine PTAP or to subroutine
FMTT and the sequence described in Section 6 is repeated.
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7. THREE-VARIABLE NAVIGATION

METHOD OF SOLUTION

At this point validated satellite orbital data are
avaiiable and arranged in tables in accordance with the
procedures described in Section 6. The doppler and iono-
spheric refraction data have also been assembled in tables.
The variable parameters, the doppler data, and the iono-
spleric refraction data are time-ordered by 2-minute in-
tervals. The navigator's estimates and the program con-
stants are given in Tables 3 and 4, respectively. A three-
variable fix is obtained using these data by a least squares
minimization of the residuals formed by differencing the
measured and theoretical slant range changes. The solu-
tion is an iterative process in which each iteration resuits
in a correction to the navigator's latitude (A¢), longitude
(P)), and frequency offset (Af). Successive iterations pro-
duce smaller correctior., and the fix is obtained when
these corrections become smaller than predefined breakout
constants.

Figure 34 diagrams the steps followed to obtain the
navigation fix. These steps are divided into five paris to
(1) set up input data, (2) perform initial noniterative com-
putations, (3) solve for the fix by least squares minimiza-
tion in an iterative process, (4) edit the doppler data prepa-
ratory to a repetition of the iterative fix procedures, and
(5) calculate alerts.

=y bt P i e et ) e WD @D

Input Data

The setting up of input data for the navigation solu-
tion computations consists of _orrecting the 400-MHz dopp-
ler data for the effects of ionospheric refraction, setting
up the navigator's table of relative position motion, com-
puting the time of the first fiducial point (sync time), set-
ting up the table of out-of-plane orbit corrections ai 4-
minute intervals, and interpolating for the corrections at
2-minute intervals. In addition a determination is made of
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which doppler intervals must not be considered in the navi-
gation solution.

Preliminary Computations

Preliminary computations for the navigation solu-
tion which are nct in the iterative process (i.e., need only
be performed once per fix computation) consist of computing

o ey e U

- the satellite X, Y, Z positions (earth center fixed inertial
» coordinates) for each interval of the pass.

< Iteration

- The iterative process consists of eight steps to be
executed in order for each iteration. These steps are as
bt follows:

' 1. Compute navigator's X, Y, Z positions (earth
“* center fixed inertial cocrdinates) for each interval of the
- pass.

";

2. Computethetheoretical slant range differences
- from the navigator and satellite X, Y, Z coordinates, com-
pute the partial derivatives of slant range differences with
respect to ¢ and A, and compute the elevation angles of

- the satellite with respect to the navigator.

b1

3. Compute measured slant range differences
from the values o cycle count for each interval of the pass.

4. Set up C matrix where each row of C is an
interval and the elements are:

o

CIO slant range difference residual,
C

n - constant function of ground frequency
vacuum wavelength,

C,, = derivative of slant range difference with
I2
respect to ¢, and

013 = derivative of slant range difference with
respect to A,

- 99 -
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6. Reduce the C matrixtoa 3 X 3 A matrix by
taking CT-C- A = CT: ¢, where CT ig the transpose of C,

thus getting: ; ;
we
-3 ta, Afta AP +a M= 0, i
§§ -3, ta,, Afta,, Ap +a,, AN =0, and
1 -a A . =
30+a31 f+2 AQ tag, AX = 0,

6. By Cramer's r..""*
solve for Af, AD, and AA .

of determinani solution,

7. Update each of the navigator's estimated posi-

tions by: i
=0, + A

<pi+1 o ‘Pi and :

)‘i+1 i i’

PN

where i is the iteration number.

8. Determine if the values of AQ, AA, Af are be-
low predefined breakout constants. If so, then the fix is
obtained. If not, repeat the iterative process. Breakout
constants are chosen as:

AP S1.2%10° " rad,

S o B e T o T o T SR S

(IR VRN RS T TT TN o

¢

A $1.2X10 " rad, and

T AR Y NS T T

Af < 2.4 cycle/minute.

Data Editing

s I e T e |

If doppler data have been collected during more than
four 2-minute intervals, fix accuracy is improved by edit-
ing the doppler data such that intervals with elevation angles -
less thai: 7.5° are deleted from the calculations. After
deletion of the iow elevation doppler data the steps of the
iterative process are repeated. -

- 100 -
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Alert Calculations

The alert computations described here have been
designed to minimize computer memory requireinents
avove those required for the position fix computation by
repeating several of the steps used in the fix computation.

The procedure to be used is as follows:

1. Compute satellite coordinates at a future
time T.

2. Compute navigator's coordinates at time T.
3. Compute elevation angle
a. If positive a satellite pass is underway,

b. If negative a satellite pass is not underway.

4. Increment time 1 and repeat Steps 1-3.

5. Repeat Steps 1-4 until all desired alerts have
been generated.

SOLUTION FOR NAVIGATION FIX AND ALERT
CALCULATIONS

In the following solution, the equation shown for re-
fraction correction (Step A. 3) is for the ITT equipmens,
as given in Eq. (6j. If the Magnavox equipment is used,
Step A should be modified to incorporate Eq. (7).

STEP A — Correct 400-MHz doppler counts for effect of
ionospheric refraction.

INPUTS: N - Table of measured 400-MHz doppler
400 counts from ITT SRN-9 receiver

(cycles).

k

-101 -
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R, - Table of measured refraction counts
from ITT SRN-S receiver {cycles).

KM - Number of fiducial times during the
time from the first fiducial time and
spanning the interval for which the
N doppler counts were received.

k400

*1-1 - Number of cycle counts.

The fo.'t ~ing equations shall be executed for each value of
k (k=1, 2 3, ---, KM-1):

If Nk s2 X 106, N
400

. 3
IfR, = 2x10°, N,

24

k

N, =N + —= (2000 - er_). (A.3)

k k400 55

OUTPUTS: N, - Table of refraction corrected “'vacuum"
doppler counts (cycles}.

NDOP - Number of nonzerc doppler counts in

Nk table.

STEP B~ Comrute navigator's reclative motion in Iatitude
and longitude.

INPUTSE @ o A - Navigator's estimate of his position
(radians).
d - Navigator's heading at estimated

“irst fiducial time (radians clock-
wise from true north).

v - Speed at estimated first fiducial time

(knots).

- 102 -

= 0, otherwise continue. (A.1)
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KM - Number of fiducial times during the
time from the first fiducial time and
spanning the interval for which the
doppler counts were received.

f - Flattening of reference ellipsoid.

The following computations shall be performed for

each value of k (k = 1, 2, 3. ---, KM):
6 = fi2-n (B. 1)
M = sin d 2 117
= Gee1) V°°3"’e 33 EEJ 1 - 0.50 sin w 3, 2)
= {} -_— .g I_ 5 -,?
Aapk k 1) vecosd {3443 934 1 60 ][ 1+6(1-6.56 gin tpe](B.S)

OUTPUT: AP, Mk- Table of navigator's relative mo-
tion in latitude (A¢) and longitude
(AA) at 2-minute intervals (radians).

STEP C — Compute first fiducial time.

INPUTS: Tc - Navigator's estimate for first fiducial

time (minutes GMT).

t0 - Two-minute interval number from first
variable parameter in satellite message.

Tc

K’ = 5= [] means integer part of (C.1)

1 = 2K’ (C.2)

'ré = [%—] (C.3)
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J = 1-30'1*; (C.4)

H = 2tO-J (C.5)
- _H

TO = I+ H-30 [15] (C.6)

OUTPUT: T o First fiducial time (minutes).

STEP D — Decode out-of-plane orbit corrections and inter-
polate for missing corrections.

INPUTS: T, - First fiducial time (minutes).
T)k ~ Table of upto 11 values (k =1, 2, 3,

~--, 11) from satellite message for
reconstructing out-of-plane coordi-
nates where each value is the BCD
equivalent of the ninth digit of the cor-
responding variable parameter and 1
is the variable corresponding to To -2,

KM - Number of fiducial times, etc.
Ty
N=Tg-4|—7 [ ] means integer part of (D.1)

For positive values of My equations D. 3 through D.5
shall be executed for

k=2 4,6, --—-if N=Oorifork=1, 3, 5 ---if N # 0.

(D.2)
For negative values of ), , CP(!) = 0 and CPT(4) = k.
If nk—SZOthen
CP() =100 (-5 + 107, (D.3)

and CPT (#) = k.

- 104 ~
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If nk -5 <0 and

Ny # 0 then

(D. 4)
CP (¢) = 100 (1')k -5) - 10 Mt

and CPT (2) k.

If nk - 5 <0 and
n = 0 then (D.5)
CPU) = -10 7

and CPT ()

1]
=

where £ =1, 2, 3, ---, OP.
If OP <2 then
‘nk =0 fork=1, 2, 3, ---, XM. (D.6)
If OP= 3, execute Eq. (D.7-a) fork =1, 2, 3, ---, KM.

If OP=42and N = 0 execute Eq. (D.7-a)for k=1, 2,
3 and Eq. (D.7-b) for k =4, 5, 6, ---, KM.

If OP = 4 and N 7 0 execute Eq. {D. 7-a) for
k =1, 2 and Eq. (D.7-b)for k=3, 4, 5, ---, KM.

Uf OP =5 and N = 0 execute Eq. (D. 7-2a) for k = 1, 2,
3, Eq. (D.7-b) for k = 4, 5, and Eq. (D. 7-c) for
k=6, 7 8 ---, KM.

If OP=5and N # 0 execute Eq. (D.7-a) for k =1, 2,
3, Eq. (D.7-b) for k = 4, and Eq. (I*. 7-¢) for k =
5, 6, 7, ---, KM.

(D.7)
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-

1, i - come e - cErN ceoy .1
N )
”;ég;})a): corah © EPTGT gggg; CP@),

T iéi?gz)_- T TR ggtg CP(2) (D.7-P)
s ] cre
* [c(f:{;(li) ) Crr ggg; CP(e)

e
* Léi?;& P CrrE Si?;fi{ CP@)
¥ rg;l(;) " CETT gg&){ CP(3).

OuUTPUT: My - Table of out-of-plane orbit components
(meters) fork =1, 2, 3, ---, KM.

STEP E — Compute time between time of perigee and first
fiducial time.

INPUTS: T, - First fiducial time (minutes).
tp - Time of satellite perigee from mes-

sage (minutes).

Satellite mean motion (radians/minute).

=
H

- 106 -
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t =T, -t (E. 1)
0 p
tR = 1440 - 20II/n (E.2)
If t S -480 then Atp =t + 1440. (E. 3)

If -480<t < t_ then At =t.
R p

Ift. St then At =t -1440.
R p

QU UT: At - Time beiween time of perigee and first
fiducial time (minutes).

STEP F - Compute satellite coordinates at 2-minute
intervals.
INPUTS: At_ - Time between time of perigee anc first

fiducial time (minutes).
KM -~ Number of positions to be computed.

- All satellite orbit parameters from
message.

The following computations shall be performed for
each value of k (k = ¥, 2, 3, ---, KM):

At, = At +2(k - 1), (F.3)
k p
Mk = n Atk, (F.2)
Ek = Mk 4+ € sin Mk + AEk, iassumes that My, AE,,(F. 3)
and Ey are in radians
Ak = A0 + AAk, (F. 4)
W o= Ak (cos Ek - €), (F.5)
= 1 (v
v Ak (sin Ek), (F.6)
w, = Wy - wAtk, (F.7)
-107 -
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xl'( = u cosw -V sin w, . (F. 8)
yi{ = u sinw tv, cosw, (F.9)
z'k = Ny (F.10)
B, = @, -A+ @ - w) At (F.11)
Xg = xi( cos /3k - yl'{ Ci sin 8, + zé Si sin 31{' (F.12)
Yg = x'k sin ﬁk - y;{ Ci cos Bk —zi{ Si cos B, and (F.13)
Zg = yl'{ Si + zl; Ci. (F.14)

OUTPUT: X, , Y

Sk 3K’ “SK— Salellite coordinates at the

fiducial time points (meters).

STEP G — Compute navigator's coordinates and partial

derivatives.
INPUTS: A(pk - Table of navigator's relative motion
in latitude at fiducial times (radians).
AN - Table of navigator's relative motion
k in longitude at fiducial times radians).
P )\f - Fix latitude and longitude (radians)
(Note: Initial values of @y and A
are <Pe and A_, the navigator's
estimate of his position. )
KM ~ Number of positions to be computed.
ITER - Number of iterations.

The following computations shall be performed for
each value of k(k =1, 2, 3, ---, KM):

cos &

K cos (‘pf+ A(Pk), (G.1)

sin @ sin (@ ¢ + A(Pk), (G. 2)
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E l cos)\k = cos (lf+ AAk), (G. 3)
; : = gin (A \
’ l sinA = sin (& + AL, (G. 4)
1 2 = 2 2 - 2 3 2
g I Dk R0 [cos <Pk + {1 - f)” sin wk], (G.5)
E = 2 ’ G
\ XNk [(RO /Dk) + h ] cos <Pk cos >‘k , (3. 6)
I v, = [rRZ%D )+h'|cos@, sinA (G. 7}
t Nk o Pk 10089y X’ -
PT R2 (1 - 1)2
Lk z. = [ +h'|sino (5. 8)
g Nk Dk k’ :
P -
L s 3K Ro4 a - 2
3 = . ————— / 3 =
A 59 3 + h | sin s9kcoskk, (3.9)
D
P k -
- 3 Y, Ro4 (1 -2 i
i <~ - i i G.
Lo 30 3 +h’| sing, sin Ak , (G. 10)
; D
- k
E A 4 2
i o ZNk RO (1 -9
3 = 3 + h cos(Pk, (G.11)
] \ D
k
. 3 X
1 e _
E Y = YNk , and (G.12)
5 I 3Y
' Nk _
- : s C xNk . (G.13)
1
: . ) i . .
P OUTPUTS: XNk’ YNk' ZNk Nawgat.or s coo.rdmatgs
o ¢ I at the fiducial time points
; (meters).
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INPUTS: X

a -7
v 2 Yk 2k

3 T dp ' 0d9

>
vk ° Yk
S 3R
ITER

Partial derivatives of
navigator's coordinates
with respect to latitude
at the fiducial time
points (meters/radian).

Partial derivatives of
navigator's coordinates
with respect to longi-
tude at the fiducial time
points {meters/radian).

Number of the present
iteration.

STEP H — Compute theoretical slant range differences,

partial derivatives, and elevation angle.

Y Z

Nk ® "Nk’ "Nk

3
S Xnk ° Ynk ° Znk

3 ' oy * dyp

9 X 3Y

Nk Nk
A : A
Xsk* Yok’ Zsk

- 110 -

- Navigator's coordi-

nates at the fiducial
time points (meters).

Partial derivatives of
navigator's noordinates
with respect to latitude
at the fiducial time
points (meters/radian).

Partial derivatives of
navigator's coordinates
with respect to longi-
tude at the fiducial time
points (meter/radian).

Satellite coordinates at
the fiducial time points
{meters).

Bormd el eewel el MewAE el

§ -4

P e T F L Rt BB Ty SO PR S

NV O e Alvakit w




b S

wpETTET T

S aca e d L Lt

E

TR IS

g T % IS YN LT

s e L Doa ottty

.—MHM.

i ek ey oo S MNE AN bes

bomi Her

-3

§

—t &

=

THE JONNS HOPKINS UNIVCRSITY
APPLIED PHYSICS LABORATORY

SILVER $SPRING MARYLAND

I R T S S R T R e AT T BT A SR A O W e — s e
GtV b e p e IR T AR, TSR = eSS

KM - Number of positions to

oe calculated.

The following computations shall be performed for
each value of k(k =1, 2, 3, ---, KM):

X, = Xg - X - (H.
¥, =Yg - Y (H.
Z, = Zg - Zys (H.

g _ 2 2 2
sk -Xk +Yk +zk, (H.
1/2
o 2 2 2
S, - [Xk +Y, +zk] , (H.
2 _ 2 2 2
Rk = XSk +YSk +ZSk , (H.
2 2 2 2
e ® Xnk YNk T2k (E
_ 2 2 2y1/2
Ty [XNk * YNk +ZNk] , (H.
askz.;}_ , axNK+Y aYNk+z 3 2 (H
Qg Sk k 3¢ k 20 k 0@ ’
3
" L ? Xng + Y ° Ik (H
EPY 5, Y kK O '
. R Bt Y Yoo T %k Pk
SlnEk" r s and (H
S Tk
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- < o . - s
{f sin Ek+1 sin Ek then sin Emax sin Ek . (H.12)
OUTPUTS: S - Table of theoretical slant ranges
— Kk . . < .
at the fiducial time points
{meters).
9S8 ) Sk
—'—(p s ——(E - Table of partial derivatives of

the theoretical slant ranges
with respect to latitude and
longitude at the fiducial time
points (meters/radian).

sin E - Sine of maximum elevation angle
max . .
for the pass (dimensionless).

STEP I — Compute refraction corrected measured slant
range differences.

INPUTS: Nk - Table of refraction corrected
"vacuum' doppler counts
{cycles).

K - Number of cycle counts.

L - Wavelength of navigator's esti-
mate of offset frequency
(meters).

?o ~ Initial value of offset frequency
1 920 000 cycles/min [32 000
cycles/sec]

The following equation shall be performed for each
value of k (k = 1, 2, 3, ---, KM-1):

Sko = Nk LO-Z.O fo Lo. (1. 1)

-112 -
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OUTPUT: gko - Table of measured slant range
differences (meters) for KM
poinis.

Note: If any value of Nk = 0 the corresponding value of
4 (
= {0
Sko .

STZP J — Form the C mairix.

A
INPUTS: Sko - Table of (KM-1) measured

slant range difierences (meters).

Sk - Table of (KM) theoretical slant
ranges at the fiducial time
points (meters).

ask BSk

36 "IN Table of (KM) partial deriva-

tives of the theoretical slant
ranges with respect to latitude
and longitude at the fiducial
time poinis (meters/radian).

The following equations shall be done for eaca value
of k (k=1, 2, 3, ---, KM-1), for which

A
Sko#O:
A :
Cro= " Sgo [Sk+1 " S| (7.1)
Cp = - 2.0 Ly, {7.2)
3 3 S
c. = - 9%kt K
J2 5o + 50 and (J.3)
- 113 -
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3
C = - _?l(i—l.(- ?fﬁ
J3 oA dA

OUTPUT: The C matrix

Cio €11 Ci2 Cis]

Coo Ca1 Ca2 Cas

50 €11 S5z Cus

-

J - Number of rows in the C ratrix.

STEP K — Form the A matrix.
INPUTS: - C matrix elements.

J - Number of rows in C matrix.

J
= E ~
210 “ Ch1 Cmo
m=1
J
350 = 2 Cha Cmo’
m=1
J
a30 = L Cm3 CmO’
m=1
J
241 =z le le’
m=1
-114 -
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s

L G

J Note: a,, = a
81 % % Cha Corv 21-a12 (K. )
m=1 231 7 213
R a32 = a23
I J
" = 5
“31 N Cm3 Cm1° (K. 6)
m=1
) 312 7 3y (K. 7
I J
3,y = ? Coo sz, (K. 8)
I m=1
J
= X
T 239 i Cm3 Cm2’ (K. 9)
i' m=1
I a13 = a5, (K. 10)
I 355 T Bgq and (K. 11)
I J
a = X C C . (K. 12)
9
23 m=1 m3 m3
E OUTPUT: A matrix

—

~a,.+a,, Af+a

102y 12 49 ta;; AA=0,

—

"

“%0 Y3 Af+a &P +a,, ML= 0, and

22

-a_.+a Af+ a

s0 ¥ 339 33 8P T3, AA=0.

boesd bk
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j STEP L — Solve for Af, AQ, &A and update estimi.tes =
3 of f, ¢, and A. I
] INPUT: A matrix elements. 3
a ¥
! _ 12 . . I 3
§ Bl1l = 399 " 8y9 3 , (L. 1) ;
3 11
I !
a
_ _12 :
B12 = Aga " 34g T (L. 2) ;g
11 I §
., |
B10 = a, -2, % Note: a,, = a,, (L. 3) ! *
213 T 231 E
A39 ~ 293 l
a
_ 13 .
B22 = aj,-a,. 7, (L.4) l 3
11 ;
a E;
- 13 1 3
B20 = ag)-a, = , (L. 5)
11 3
A = Bll B22 - B12 BI12, (L. 6) '
A¢ = (B22 B10 - B12 B20)/4, (L. 7) ' §
AX = (B11 B20 - B12 B10)/A, (L. 8)
0
a2, -(a,,) (a9) - (a,.) (AN) |
af = 19 12 Y 13 s (L.9) :
11 i :
f = f+ Af where f = ’f'oon first iteration(L. 10)
<pf = tpf+A<p, and (L.11) l
)‘f = xf + AA. (L. 12) '
- 116 - ! {
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OUTPUTS: A f

Ao

AM

Y

STEP M — Write out
INPUTS: ITER

A
‘pe’ e

P A

T
o

IDAY

sin E

Incremental change in navigator's
estimate of offset frequency (cycles/min).

Incremental change in navigator's
estimated latitude {radians).

Incremental change in navigator's
estimated longitude (radians).

Estimated offset frequency (cycles/min).
this iteration.

Estimated latitude (radians) this
iteration.

Estimated longitude (radians) this
iteration.

results.

Number of this iteration.

Navigator's initial position esti-
mate (radians).

Navigator's calculated position
this iteration (radians).

Initial value of offset frequency
(1 920 000 cycles/min).

Navigator's estimate of frequency
offset this iteration (cycles/min).

First fiducial time (minutes).
Day number of pass.

Sine of maximum elevation angle
for the pass.

-1117 -
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NDOP - Number of doppler counts used in
calculation ihis iteration.
Residual - Residual difference between mea-
sured and theorctical slant range
differences (meters).
DL . =¢, - ¢ , (M. 1) .
f e
DLO = A_ - XA , (M. 2)
f e
FRQ = f - ?o , and (M. 3)
TIME = T0 + 4, (M. 4) -
OUTPUTS: ITER - Number of this iteration.
DLA,DLO - Total change in navigator's -
position (radians).
i
FRQ - Total change in frequency !
(cycles/min). *
Pes A ¢ - Navigator's calculated posi-
tion this iteration (radians).
TIME - Fix time (minutes). 5
i
i
IDAY - Day number of pass.
i
{
sin E - Sine of maximum elevation ;
max ‘
for pass. .
NDOP -~ Number of doppler counts
used in calculations.
Residual - Residual of difference be-

tween measured and theo-
retical slant range differ-
ences.

- 118 -
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QUTPUTS (Continued)

. Residual?
RMS - Jz NDOP-1
STEP N — Tast for convergence.
INPUTS: Af - Incremental change in navigator's
estimate of offset frequency
(cycles/min).
Ap - Incremental change in navigator's
latitude (radians).
AA - Incremental change in navigator's
estimated longitude (radians).
ITER - Number of the present iteration.
If Af > 2.4 cycle/min, (N.1)
or ifAp> 1.2 x 107" radian, *
-7 *
cos ¢,

and if ITER < 10 then return to Step G. Otherwise go to
Step O to edit doppler data or Step P to compute aleris.

STEP O — Edit doppler data.

INPUTS: N, - Table of (KM-1) refraction corrected
"vacuum'' doppler counts for each
2-minute interval (cycles).

NDOP - Total number of nonzaro vzltes in

Nk table.

*
This convergence criterion is equivalent to 0. 0004 nmi.
Without logs of significant accuracy this criterion can be

bro%dened to 0.001 nmi or (in radians) approximately 3 x
10‘ .
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KM - Number of fiducial times, etc.

If NDOP > 4, repeat Steps G and H for each value
ofktk=1, 2, 3, ---, KM).

If sin EKM - k1 S gin 7.5° and (0.1)
sin EKM - k+1 S sin Ek and
NKM Sk > 0 then
NKM Kk 0 and

NDOP = NDOP - 1.
if si > sin 7.5° ]
Or if sin EKM ki sin and (0.2)

siu Ek s sin 7. 5° and

>
Nk+1 0 then

Nk+1 = 0 and
NDOP = NDOP - 1.

Otherwise make no changes in the Nk table.

OUTPUTS: - Edited N, table and updated value of
NDOP. Repeat feps G - N.
STEP P — Combpnute alercs.

INPUTS: T(\ - Time of first fiducial poin- of last
) pass (minutes).

IDAY - Day number of last pass.

MDAY - Day number of last day for which
alerts are to be calculated.
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- Satellite data from last pass and
navigator's estimated coordinztes
during the period IDAY to MDAY.

KM - Numnier of positions to be calcu-
luted.

ISTP = MDAY-IDAY. IfISTP < 0, let ISTP = ISTP + 365.

(P. 1)
Let I =T, - 18, KM = 1, DE(K) = 0, DA(K) = 0, DN(K) = C,
0 0
(P.2)
1=1, 2, 3, ---, ISTP, KDAY =1 + IDAY.
Execute Steps F, G, and H. (P.3)
IfE s O0let T, = T, + 10, and repeat Step P. 3 in-
k 0 0 (P.4)
creasing T0 by 10 each repetition until Ek > 0. ’
When E, > Olet 1, = T, - 10, repeat Step P. 3, and
k 0 0 (P. 3)
. then execute Step P. 6. )

If Ek $ 0, let T0 = To + 2, repeat Step P. 3 in-
creasing T0 by 2 each tirne until E, 20, and (P. 6)
then execute Step P. 7.

WhenEk2 OletT0 - 2 = RISE, E, = E,, TO =T0+
0. 25 and repeat Step P. 3 increasing T0 by 0. 25 and (P.7

letting the new value of E; = E A €ach time until

Ek <E A Then E A maximum elevation for that
pass.
Write out day number of alert day, RISE time (hours

and minutes), and maximum elev-: » angle for the (P.8)
alert pass.
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Let T0 = T0 + 10 then repeat Steps P. 3 through P. &

incrementing 1 and K until 1> ISTP indicating that (P.3)
all alerts through the end of MDAY have been ob-
tained.

OUTPUTS: KDAY

Day number of alert day.

RISE -  Time of rigse (hours and min-
utes) of alert pass.
E A - Maximum pass elevation

(degrees).
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8. FORTRAN PRCGRAM FOR THREE-VARIABLE
NAVIGATION SOLUTION AND ALERT
CALCULATIONS

The sieps given in Section 7 for the three-variable
navigation solutions and for the alert computations have
been programmed in FORTRAN. A listing of the program
routines is at the end of this Section. Table 7 shows the
interface requirements between the real-time data process-
ing program and the navigation fix program and aJso gives
the FORTRAN names of the required parameters, all of
which have been discussed in previous sections. The sub-
routines of the navigation fix program perform the opera-
tions described in the next section. Flow charts for the
program are in Appendix A.

SUBROUTINES
MAIN
This subroutine is the . :.3'er routine serving as a
driver for the otner prograr: cuatines.
INPUT

Subroutine INPUT allows the program to be used in
nonreal -time navigation for study, diagnostic, or debug
purposes. It is not used in real-time navigation.

CVTM

Subroutine CVTM (Fig. A-19) scales the constant
orbit parameters from their input format to the format
used in tke program, corrects the doppler data for iono-
spheric refraction, formats navigator motion for further
computation, computes the time of the first fiducial mark,
decodes the out-of-piane (cross plane) orbit correction
words, and interpolates for the missing out-of-plane cor-
rections (Steps A - D of Section 7).
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Progiam
L. ameier
Nue

LAY
1LLON
REXAMH)
BN
HEAD
(ANEH
HERR
A Y
BOMK)
He b{R)
D (1)

DA(K)

DN(N)

DK

wp
NN

SOME

SUMD

AQ

COME

CcombD

DLATUR)

DLON(K)
STIM

Table 7

Interface Requirements Between Real-Time

Data Processing Program and Navigation Fix Program

Degeription
Estimated Latitude
t.shieiated Longitude
Antenna Height
Eatimated lock Time
Ship's Heading
Ship's Speed
Jay of Pass
Alert End Day
400-MHz Doppler
Refraction t'e~.. tron

Eccentric Anome: /
Correction

Semimagor Axis
Correction

(‘ross Planc ‘lerm
{transmitted as
values at 4-min
intervals an inter-
polated to yield
values at 2-min
intesvals)

l.ock Time Since
t1alf H{our

‘time of Perigee

Alean Motion
Argument of Perigee

Precession Rate of
Perigee

Fcceatricity

Mcan Semimajor
Axis

Right Ascersion of
Ascending Node

Preceasion Rate of
Nede

Costne Inclination

‘ireenwich Long. at
TP

sime Inclination

Relative Lat.
Motion

Reiative Long. Motion

Correct Msg. Lock
Time

{nput
Format

FP
FP
Fp
Fp
FP
¥P
Integers
integers
Fi¢
FP
F?

P

FP

FP

FP
FP

FP

FP

FP

Unite
Ain +10
A\ 10
Meters
Minutes
Minutes
Knotg 210
Do =
D ys
Cycles
Jycles

Degrees
10

hleters/10

Meters
1) or 100

Minutes/2

Min/=i0%

Deg/Min
+108-3

Degrees
*10°

Deg/kﬂn
*10

Deg/Min
107

Meters

Degrees
+10°%

Deg/Mia
+108

Deg/Min
e10?

Degrees
o

Degrecs
0107

Comgputational
Units

Radtans
Raduns

Metlzt s

Minutes
Radians
Radians/Min 2
Days

Days

ycles

yeles

fadiars
Maters

Meters

Minutew

Minutes
Rid{tdn

Raré as
Rac!Min
Dimansionioas
Metrrs
Radians
Rad/Min
Limensionless
datians
Dimensionless
Radians

Radians
Minutes
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15 bit dressed Rt
15 bit dressed Ht
=0 Invalid

=0 lnvalid

X$3 MSD
Alternate LSD

Catculaied froca
Head

No
of
Par

WO & O v e me e e

1

Source
Navigator
Navigater
Nawigator
tzvigator
Nawigator
Navigator
Navigator
Navigator
Satellite Signal
Satellite Signal
Satellite Message

Satellite Message

Satellite Message

Satellite Message

Satellite Message

Hatellite Message
Satellite Mes-uge
Satellite Message
Satellite Message
Satellite Message
Satelisic Message
Satellite Mcssage
Satellite Megs»
Sateitite Message
Satellite Message
Navigatoe

Navigator
Sctellite Message
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SATC AND SXYZ

Subroutine SATC (Fig. A-20) computes the time
since perigee (Step E of Section 7) and then calls subrou-
tine SXYZ to compute the satellite coordinates for one 2-
minute point. Return is made to subroutine SATC to incre-
ment time, and subroutine SXYZ is called again to compute
the satellite coordinates for the next 2-minute point. The
net effect of this sequence is the execution of Step F of
Section 7.

SOLVE AND SLANT

The programming approach adopted in subroutines
SOLVE and SLANT (Figs. A-21 and A-22) is to set up the
elements of the final A matrix and then incrementally
modify each element with its C matrix counterpart by
means of an iterative process. The net effect of the se-
quence 1s the execution of Steps G - L and the determina-
tion of the sum of the squares of the residual differences
between the raeasured and theoretical slant ranges, as
follows:

Subroutine SOLVE begins by setting up the elements
of the A matrix. * Subroutine SLANT is called and the
navigator's coordinates and partial derivatives are calcu-
lated for the first time point (Step G). Next, the theoreti-
cal slant range for the first time point is calculated, plus
the partial derivatives and the elevation angle to the satel-
lite (Step H). Return is then made to subroutine SOLVE
10 compute the constant function of satellite frequency
vacaum wavelength. The interva! count i incremented and
subroutine SLANT is called again to compute the next
theoretical slant range, partial derivatives, and elevation

=kInasmuch as Fortran arrays may not be indexed with a
subzero term, the term for the residual, which is ex-
pressed as C,, in Section 7, is changed to C{4) in the
Fcrtran listing of Section 8.
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angle. Return is made to subrontine SOLVE and the diifer-
ences in successive theoretical slant ranges and partial
derivatives of the slant ranges are calculated. Next, if the
deppler count is positive, the refraction corrected mea-
sured slant range differences are calculated (Step I). The
residual difference betweer the measured and theoretical
slant ranges is determined. The C matrix is formed

(Step J), the A matrix is formed (Step K), the matrix is
solved for the differences in frequency, offset, latitude,
and longitude (Step L), and the navigator's estimates of
frequency offset and fix position are updated. The con-
vergence test is made (Step N). T7f no convergence is
found, return is made to Step G ard the iterative loop re-
peated until convergence is achieved or until 10 iteration=
have been made. (If convergence is not achieved after 10
iterations, further attempts at solution are abandoned,

and the program terminates). If convergence is achieved,
subroutine EDIT is called.

EDIT

Subroutine EDIT (Fig. A-22) examines the doppler
data and eliminates data points for elevation angles of
7. 5° or below until at least four doppler points remain
(Step O). Subroutines SOLVE and SLANT are then re-
peated using the edited doppler data.

TYPE, UCON, anc ARCS

Svbroutine TYPE (Fig. A-23) is calied to write out
the results (Step M). The difference in the fix frequency
and the estimated frequency is calculated. The maximum
pass elevation is calculated and is converted to degrees
in subroutine ARCS (Fig. A-24). Fix time is calculated
as the time of the first fiducial point plus 4 minutes and
is converted to nours and minutes in subroutine UCON
(Fig. A-24). The number of iterations and the number of
doppler counts used in the solution are listed. The differ-
ences in the estimated and fix latitude and longitude are
calculated.
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ALERT and AVIS*

If the navigator has elected to calculate alerts,
subroutine ALERT (Fig. A-25) is used. Subroutine
ALERT, which calls subroutine AVIS (Fig. A-25), calcu-
lates the times of future satellite passes by computing the
elevation angle at future times. A positive elevation angle
is construed as an indication that a pass will be underway
at that time (Step P).

PROGRAM LISTING

A listing of the program follows.

*Subroutines ALERT and AVIS are not used with the
Fortran program listed on the following pages and cannot
be called in this program; they are included for illus-
tration.
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bey-ti)

T

s

LEVEL

158

158
15%

15%
[E3N
SN
1S
158
1sn

154
15y

15%

1SN
15y
15
1SN
8%
158
1SH
1s%
1Sh
1Sn
IS
15a

18 t SEPY 09 )

US/260 FurTRAN H

CIPILER GPTLIUNS = ASMEs  MALN OFT02,LINECNT 5651 2E20CU0K,

c092

403
Jcos
L0
Juos
coor
222
0309
£010
sell

ool12
J011

0014
0015
0016
0017
0o18
0019
u~20

0021
0022
¢023
0074
0025

0026
J027
0028
€029
€030
0031
5032
0033
pR3TY
2035
2038
co37

SCIRCE€oLDIC, NULIST e VIUELA oL IAD o HAP o NI O LT 410 o NOXREF

feamomemosmcoe o ceoccomeooo—o EXEC Dtouu EXEC
C EXEC
¢ ExeC
1 FORYMAT 0 0H LE3F19.2770) EXEC

(4 tXEC
DOURLT PPECTISTIUN TAaeaAvE, VLG EFRIWUMGE ¢ XDSLL205Q EXEC
OCUBLE PRESISIUN GNEoTRO,THRELFIVE ¢ATE, TEN, D60 HUNDoCH80,5STPS EXEC
DLUBLE PRECISIUN TIPI¢DTRALOTUM,THL o THG o THS o TMB,CHTRCKAM £XEC
OUUBLE PRECISTUN ZERGeFOURGTMT(C2K4C2M REFT EXEC
OCuclt PRECISIUN DIPGREF DL ¢OAONGELAT cELON,GEOH, ET IM HEAD,RATE  EXEC
GUULLE PRECISIUN DTR T2 o XNOToSINL ¢ SUMD o E ¢AGCUME 4 COMDLC Lo XLNG EXEC
OlurtL€ PRECISIOUN DUML L OUM2oST,0FSToDuUM3y DURG, DUNS EXEC
DUULLE PRECISLUN DLAT DLUNe SMAE o SELVFLATFLCN,FFRQIRSQ. VN EXEC
(CUPLE PRECISICH T, TENP,A,DUN LXEC

4 EXEC
C-DIMENSION EXEC
DIMENSION LOPL8)oREFIAILOE(TIeDALFIINC1L),DLATI9)ILONL G (3134
OIMENSIGN Al.o%).DUn(10) LXEC

C EXEC
C-CONNUN EXEC
COMMUN TP XNDT ,SOME . SOMDeEo A0, CUME s COMD, CLo XLHG EXEC
CINMON DUNL,DUNZ, 5] «OF ST0UNI L DUNG o DUNS o D0P EXEC
CONMCN REF EXEC
CGMMON DE +DAeONeDIR ELAT oL 0Ny GEUHo HEAD» RATE o IDAY 4 HIAY L ETIN EXEC
CONMON DLAT(DLUN, SHXE o SELVoFLAT(FLONGFFROIRSQeVN £XEC
COMMON JoJoKolyMeNoNDCP, ITER EXEC
COMMON T, TERP,A,OUM EXEC

[4 EXEL
COMMON /CORC/NULL o {ONEe 1Tn0e IFOKe 1150 1300 13654 1Mo KM,KF €XEC
COMMIN JIONS/TAmeMAVE o CVCG o EFRQONGE ¢ X35Q0 20SA2ERD EXEC
CCMROYN /COMU/ONE S TaOy THRE (FOUR FIVE JATE  TEN,D80,HUND EXEC
CONMON 7CORL/C4B0+STPS,T0P1,DTRA,DTON EXEC
CORMON JCUNSZTMY o THe o THS  THT THBCHTRCRRM,C2KoC2MoREFC EXEC

[4 EXEC
< CONSTANTS EXEC
{-==SYSTEM CONSTANTY EXEC
4 TAU=2.0+0 €XEC
C BAVE=T.49481250-1 EXEC
[4 ETERS VACUUM MAVE LENGTH EXEC
4 CVCGsY.2D-7 TXEC
4 RADIANS CONVERSENCE CRITERIA = 0004 N EXEC
[4 FFRC1.92Deb EXEC
[ [T (1174
[4 1#=8 (3134
[4 KFx3 EXEC
C---EARTH CUNSTANTS EXEC
[< ONCEs 4. 3752695103 EXEC
[ RAC/MIN EARTHS ROTATION RATE EXEC
L X0 =3.378144D+8 EXEC
c METERS SENY MAJIR AXES EXEC
< EFLT= 2 9823D+2 EXEC
[4 FLATTENING COEFFLILIENT EXEC
[4 ACSCeX0OX0 EXEC
[ < O%Eal .00 EXEC
4 103 X0%{ DNE-ONE/EFLT) EXEC
4 20S0Q=20%20 tXEC
C-=-LNIT CONVERSIONS AND MISCELLANEJUS EXEC
C NULL=O tXEC
[4 10%E*1 EREC
[ < 1Ta(e2 EXEC
[ 4 1FCR=4 £XeC
< €XEC
REW INC 8 EXEC

2 CAty IaeutT EXEC
CALL CvIn EXEr

CALL SATC tXEC

CALL SOLVE EXEC
IFIX=1TER (3334

CALL & OIT exFC

CALL SOLVE EXEC
ITERVIFIX EXEC

CALL TYPE [ 379

6C W 2 EXEC

€YD EXEC
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e
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D¢
L
are
nre
130
TAu
Tes
Luon
vy
Ctun
suwo
£DIT sy
[ASL]
LY
Hunp
1088
“Day
13
SELY
srps
TY®E S§
X352
SOLVE <F

---ﬂmmu

XF

Typg

Rep
1e4
ey
Fog
1%
Rag
Rey
1543
Reg
aey
fep
LAY ]
peg
L] ]
usg
Reg
weg
Qsg
124
iss
Reg
Reg
Reg
Reg
Pep
Pes,

Anl,
L TY N
Na B,
“aRe
NeFy
Nk,
Aok,
LN
toky
Aebo
NP,
NeR,
A2,
L
Mok,

000000
N.R,
N Ry

000000

RYE OF COMMIN BLOCK

.

T,
IR
LvIn §F
orcu
oum3
EFRY
FFRY
FOUR
10AY
11ER SF
KIGp
RATE
SHXE
TEnp
«AVE
LERD

182348 F

wssse

Tay

>
r\r\hf\flhﬁl"hhf‘\hﬂ*ﬂ(‘ﬂﬂﬁﬂﬂlﬁﬁﬂ(\

X§

Con

1YPE
ey
1o
Koy
ney
Rea
e
R
Ry
Rog
Rey
Rey
Reg
ey
neg
e
Reg
Rey
leog
Tee
1oe
Rey
Reg
Reg
Res
Rep
Res

“RIN

400,
Neds
YoR,
N.#,
Vo lo
Ya Ry

NeRao
000000

TR

SZE UF PRLLKAR 4Oul4d HEXADECEMAL BYIgs PAGE 003

hawg

1L 1]
LInn
Cedo
Otaa
oune
ELar
Flet
Gtun
1Fev gf
1fu,
NJLL
Litdd
Sump
THRE
LG
2050

MON TRFORMATIGN  eerse

® SIZE ofF sLGLk

VAR, waMg 1YPE REL. aDD2a, VAR, NAnE

10 Reg YR xxot

€ Ren hoR, a0

(4 Reg R, g

s1 ven [ SN CFST

vy ey N.P, oyp

oA 2y R, O«

fLuw Reg NoF. GEOH

ey teg ot “ay

L0 Rey Mok SHXE

FLOY aef No®, FFRQ

1 leg L 4

- 1es hoR, n

: 1 Peg AP TEup

e
SUSE GF COAYON BLOCK o o sire
3 VAR. NIME TYPE REL. ADUR.  vAR. NAwg
} NaL fos ", 10%
4 138 L2 N.R, 130
A (L} 194 K. R, L
Eg

4 (474 Rey Noi. EFRQ
3 2353 Reg MR, ZERD
4 THRE Rey n.P, Fou
3 TEN pe, ¥ N 062
3 s1r5 Ry No &, leid
Y 13} rey Nom, T
i Ty pep LN TR
< F Q2% nep YoR, REFT

Trag
Reg
Reg
keg
Reg
Reg
Rey
Keg
144
Rey
reg
fes
1es
Reg

UF &

Trpg
Ieg
LY
1%

Reg
Reg
Rep
Rey
Reg
L343
wep
ava

32030 HEXADES gMay BYTtS

RELo AR,

(14 N

L118

N.R.
h.R,
L%
L2
N.R.
YR,
Nake
Mo Ra
NeR.
N.R.
N ke
Ne%e
LY

233%2e HEXADEC fMay Bytec

- ADDR.
NoRa
NeRa
Nefla

L U
Neha
NeKe
N.Na
MeRao

XoRa
NoRa

VAR, NANMF
Sa%E
(1173
[0
Dund
REF

21K
HEAD
ETin
SELY
RSQ

«
p D]
A

VAR. wawg
1Twd
136%

Tax

ang
Flve

oraa
™s
[£¢1]

Tao
C

M Al e o Y N Y S P

[aRa RN R Wit

Treg
asp
Rep
Rep
Rep
Rog
Reg
Reg
Reg
Reg
Rep
1v¢
1%¢
Rep

ive
log
teq
Reg
leg
Reg
Reg
Reg
Repg
Rep
keg
Rey
Asl
ey
Rey
Rey
Rey
Rey
1e4
Jos
1og
34
Koy
key
Rey
Ry

t A

00

Ov.

haR,
Aoko
A.Ro
Neke
K.R.
%oR.
Nakae
‘e R
feRs
Aol
NeRa
VoK.
SeR.
Neko
Yol
Y Ra
NeRa
008C
%o ke
Seko
%aRa
“eaKa
Nod.
NoRa
YR,

REL. AvLe

NoRa
MaRo
AR.
N.R.
fuRa
AR.
LIS
RoRao
MR
X.Ro
LI
Neko
ek

TYPE REL. 4QdR.

1%%
1og
keg

Rep
Reg
Peg
feg
Reg
Ppep
Re g

NoRa
N.Ra
N.R.

Aok
MR
R,
R,
Nk,
AoR.
NaR.

OF ST
SATC
SQuE
0Pt
DT
INPUT

VAR, hanmg
b ]

Comp

VAR, NARE

IFGR
In
WAVE

X080
T2
ATE

C4g0

dTon
n?
2k

TAG  TyPg  apD.

[ £ 7 N.R,
[ { 13 N.R,
C FReg NeRo
C fes NeR.
€ Rey N,
C Reg Nok.
€ fes MR,
C Reg N.R.
€ Rep N-R.
C nep NeRo
C Rep NeR.
C Rep NeR,
< Reg N.R.
C Reg s Ra
C Repy NoR.
€ Reg NaR.
C Rey Noke
[ { 7Y N,
C 1e4 NoR,
C Reg N.R,
SF xf  Res 0COQ00
C neg NR.
C Rep R
¢ asp N.R.
SFXF  1e4 000000

TYPE  REL. agpa.
8

Re N.R.
Reg Y3,
Reg SR
L] ] N<R.
Reg NaRo
R#g NaR.
Rep NeRo
Reg Nak,
Reg NaR,
Fep NaR.
1eg L2
le4 000314
Reg MRy

TYPE REL. ApDR,

Teg AR,
1es MR,
Rep V.8,
PAGE 004
Rep NoRo
qep MoR.
Rep Nk,
Reg Non,
Reg Aok,
poy NoRo
Rep LI
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3 LABEL ADDR LABEL ADDR LABEL ADOR LAbEL ADOR PAGE 00 -
3
3 2 oooocs i
P
3 i
b *0>T109¥S IN EFFECTe MAKES MAIN,OPT=02,LINECNT*58,512t23000k, .
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1 TATES CEETTE LN o swl - e .
LEVEL 18 ¢ SEPT 69 ) £S7360 FURTAN GAYE  TLl190/13.046.93

COMPILER OPTIONS ~ NAME= MAIN,OPT=02 LINECHTS58,512E70000K,
SCURCE +EHCOIC o NOLEST o NIDECK JLUAI o MAP W NUEDT T RO W NIXREF

1SN 0002 BLOCK DATA v DATA
1Sh 0003 DOUBLE PRECISION TAWeMAVE LVIG,EFKQoUMGE ¢ XOSL, 2058 BRCATA
1SA 0004 DOUBLE PRECISTON ONEoTu Dy THKEGFIVEoATE s TENGD60,HUND {580,505 BALATA
1SN 0005 DOUBLE PRECISION TOPI,OTRA,DTOM,THL, Trb, TS5, T48,C4T2,CKRY or *1a
ten 0006 COUBLE PRECISION 2ERO,FUURSTHT (2K 2HM4REFC ©AATA
[ oADATA
C-=-COMKON BRUATA
1SN 0007 COMMON ZCOMT/NULY o TONE o TTRI¢ TFUR 11501300 1365, 1%, K%KF HKUIATA
tSh 0008 CONMOR 7COML/TAmyWAVE o CVCGY EFRINLE ¢ KISTeZUSY42ERD nKDATA
1SN 0009 COMMON /COMC/OPE s THD o THRE FUUY o F §JE o ATE o TEN o DA( o HUND ORUATA
1Sh 0010 CONMON /COMC/C480,STPS, TOPI4DTRA,OTUN crLATA
1S% 0011 COMMON JCOMC/TRL T4 o THS ¢ TMT o TRE,LHTR,CKRMy C2K o L2¥0 REFT srpata
C oRLLTA
ISN 0012 OATA NULL  «I0NE . 1Twd JIFOR 4115 o130 (1365 choATa
1 0, 1 2, '™ 15, 30, 365 / BeLATA
1S% 0013 T DAYA IM KM oKF oX0ATA
1 /7 8, 9, 37 eKkUATA
1SN 0014 DATA TAW +WAVE +CVCG BRUAT
1 / 200, 7.49483250-1, 1.29-7 7 bKDATA
1SN 001S DATA EFRQ +OMGE EKDATA
1 / 1.92046, 4.375269510-3 7 BRUATA
1SN 0016 DATA x05Q 22080 cnDATA
1 ’ +40080720884736D+14, +404083632630950+14 7 BRUATA
1SN 0017 DATA ZERO . »THO « THRE «FOUR BRUATA
1 ’ 000, 100, 200, 300, %00 7/ UKDATA
1SN 0018 TATA FIVE +ATE oTEN +D60 ERDATA
1 ’ 500, 800, 1.00¢1, 6.00¢1 7 SKDATA
1SN 0019 DATA HUND +Ca80 +STPS BRDATA
1 7 1De2, 4.8De2, .1305300 7 €XDATA
A 15K 0020 DAYA TQPY +0TnA 3KUATA
F 1 7 €.283185307200, 1.74532925199430-2 / BKLATA
, 1SN 0021 DATA DTOM «THL Tre «THS BROATS
1 / 1.44043, 10-1, 10~%¢ 10-5 7/ GADATA
1SN D022 DATA M7 «THS «CHTR SKDATA
1 /7 19-7, 10-8, 2.908828208D-% BADATA
A 1SN 0023 DATA CXRM Woc2¢ oc2n ©KDATA
9 1 ’ 9.6784536D~7, 2.D03, 2.0¢% / SKOATA
E ISN 0026 DATA REFC/.43€36300 / EAUATA
K C--%0i £ CONSTANTS HKDATA
[ 115215 BRKUATA
4 13030 BRUATA
3 4 13482505 . ERCATA
4 t ZERD=0.0+0 eKDATA
c TWDs2.0¢0 oKCATA
3 [3 THRE®3.D¢0 EYOATA
i '[ ¢ FOURaLDov 8KDATA
AN 4 FIVEaS5.0e0 SKDATA
1 4 [4 TENs1.De} BXDATA
- 4 ATE=8.0¢0 oKOATA
¢ [4 D60=6.0e1 EKDATA
3 c HUNDa1.De2 BKDATA
< C4B0n & 6042 OKDATA
3 [4 $STPSa.13953D60 SAUATA
«h
PAZE 002
3
“# 4 BKDATA
1.4 C 10P1=6.23316530720+0 BXDATA
c DTRA®1. 745329251994 20-2 uxoaTa
. c DTOMs1.44D43 6rUATA
c TX1=1.D-1 BROATA
3 c . BKOATA
™ 8KDaTA
* C TMT=1.0-7 anOATA
3 C THE=1.0-8 BKDATA
~ c CHTRa2.90880208D—4 8XOLTA
wit [4 =P/160%6U MINUTES TO RADIANS uXDATR
s 4 CXRN=9.670853£0~7 BXUATA
x 4 =2/6001093443,934 KNOTS TO RAD/2AIN BKDATA
1 1SN 0025 END BKOATA
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’ HALN /7 SIZE OF PROGRAM UOOUUS HEXADECIMAL SYTES PAGE 003
3 -
NANE TAG  TYPE ADD. NAME TAG TYPE ALD. NAME TAG  TYP: ADD. NAXE  TAG  TYPE AOD. 93
3 in € 1es N. R, KF C e HeRe L] ¢ l1se Noko ATE C Ret AN uy
X c2x C Res  K.R. ($1] C Res  N.R. 060 C Res  NeR. 1s C 1%  N.R.
130 C lss N.Ra ONE C Reg NeRo TAW C Rep NeRo TEN C Reg Nede
™1 C Reg NeRe THa € Rey NeKao T45 C Ke3 NeRo ™7 C e heRe
™a C P8 N.K, Tu0 C Re8  Nl.R. CKRM C R*8  A.R. IR C a8 N.R. -n
= (4[4 C Reg NeRe {480 C Reg NeRa DYOM C Rsy NaReo DTRA C Rep NeRa s
€FRQ C Re8  N.R. FIVE C Res  N.R. FOUR C Kes  N.Re HUND C R*8  N.R. ] k
- 1FOR C (%% NeRe TURE C 1s&  h.R. 1Tu0 U 186 HeRa 1365 C Is4  N.R. éli 4
% RULL C Is&  N.R. OMGE C Re8  N.R. REFC C Reg  N.Re s7PS C R%8 AR, E
: THPE C Res  Noke 1001 € R38  NeRe WAVE C ReE  N.R, x05Q C Hes  N.R.
3 ZERD C ReB  N.R. 084 C Rsg  N.R.

sseos  (OMMON INFORMATION  tecee

e
!m '

»‘ NANE OF COMMON BLOCK o  COmCe S1Zk UF 8LOCK QUUL28 HEXADECEIMAL BYTES

E- YAR., NAME TYPE REL. ADOR. VAR. NANE TYPE REL. ADDR, VAR. NAME TYPE REL. AUOR. VAR. NAML TYPL REL. ADDR.
NULL les Ne.R, 1088 (L2 NeRo 1TWO 1e4 N.R. 1FOR 185 NoR~

2 us 1e4 N.R. 130 184 Neoke 1365 194 NoRo n 194 L P

K L3, lee KF 1oy NeRo TAW keg NoRo WAVE Rseg hoRe

5 CveG Reg EFRI Reg NoR. OMGE Res HeRo xnsa Reg Nerte

2850 Reg 2ERD Reg N.Ro ONE Reg NeRe Tal Reg NeR.o

THRE Reg FOUR Re§ M. Re FIVE Re8 NeRe ATE Reg N.Ro

TEN Rey 060 Reg NoRe HUND Res NeR. cs80 Reg Ne.R.

sTPs Reg 0P8 Rss N.Re DIRA Reg NeRo DYOM R*8 NeRo

E: ™) Res NG Reg N.fe ™5 Reg NeR. ™7 Re§ No.Ra

- THS Reg N.R. My Reg CKRM ReB N.R. c2% feg NeRo
can Res Ne e REFC Reg

:i
%
3
3

A COPTIONS IN EFFECTE NAMEs MAIN,GPTs02,LINECNT=58,512E=0000K,

SOPTIONS [N EFFECTe SOURCEGEBCOICINOLIST o NJDECK JLOADHAP ¢ NOEDIT, 10 NOXREF
SSTATISTICS SOURCE STATEMENTS = 24 +PROLARAN SIZE = 8
- ‘S“A""ST!CS. NO DIAGHOSTICS GENERATED
.’, eosess END OF COMPILATION essees o61r BYVES OF CURE NUT USED
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LEVEL 18 t SEPT 49 )

1SN 0002

1S% 00n3
1S% 3C06
1S% o005
1Sh 0004
1$% 0007
150 0008
1SN 0009
1SN 04
154 0011
15¢ Gol2

1SN 2012
15\ vole
1SN 0015

1SH 0016
ISK 0017
138 0018
1SA 0019
15N 0120
1SN 0021
1SN €022
1Sy €023
1SN 0024
SN 0025
TSN 0026
1S% ¢o27

1Sn CO29

1SN 0029
1S% 0030
1SN 0031
15y 2032
1SA 0033
1SN 0034
1Sk 0035
15% 0036
ISx 0037
1S4 0039
ISN N039

1Sx 00%0

1SN 0041
158 0042
1SN 0043
1SN 0044
1SN G045
1SN C0%6
1SN 0Ca?
1SN 0048
15 0049
1Sx 0050
1s% cost
1SN 0052
1S% C053
1SN QUS4
1Sh 0055
1SN 0056
1SN CO057
I1Sn COS8
1SN 00%9
1SX 0060
1SK 0061
ISAn 0062
1SN 0063
ISn 0064
1SN 0065
1SN 0365
ISh 0067
1SN Co68
1SN 0069
1SN 0CT0
1S o071
1S% 0072
ISk COv3
15X 0074
1SN 0075
1Sx 0076
158 D017
1Sx £oTs
1SA 0079
154 CONO

laXa

COMPILER CPYICI'S ~ NAMESs

oCustLt
DQUBLE
DCUHLE
ocusLe
00VeLE
orueLe
OCUBLE
nCuRt €
OLUBLE
OHUALE

057360 FUKTRLN #

MAINGOPTE02,LINECNT 258451 2E20000%,

SNURCE »EBCOICINGLIST o NIULCK oL OGAD ¢ MAP,NUED LT o 1D NOXREF
SUBROUTIKF IKPYT

PRECEISION
PRECISIUN
PRECEISIUN
PR CISI0N
PRELISIUN
PRECISICN
PRECESION
PRECISIUN
PHECISION
PPECISIUN

C

Co==DIPENSIONS
DIMENSI(N OUPIBIJREFIB) 20191 4DALI) N1} 4DLATL),DLUNISY
CIMENSTI(N A{3,4)
DIMENSIUN DUPOLLT)

c
Com=COMFCH

oo

COvPON
(ol L oY
CUvHON
TRV
CU*MC
CoMMoN
COMMCA
{.CPHON
COMON
Co"gn
COovCN
COMPON

TAk e nAVE s CYC 5o EFRQe IP G0 XT15Ce 2080

UNE o TG THPECFIVE 9 2TE2TENIDE604HUND G CHROLSTPS
TUPToOTRAZDTIN, THL, TFE, THE, THA,LUTR, <RV
ZERDIFOURGTHT L2K¢C2Y4REFC

DIP o REF ¢ JE yDAGUNIELATIERONIGEUH LT THy 1 R0 KATE
UTR TP XNDT g SOME g SUMIeE ¢ AL SCMELCOMD C by X1 117
CuRl DU, ST QFSTOUM3, DUYS, DUAS

DLAT 4O LN SMAE (et Ve FLATGFLONGFFRE 4R S0 VA
ToTERP, A

puv9

TOXNDT o SUME ¢ SOYD (b9 AL e COME ZLUNDLCT o XL Y
DUML o DUN2, ST oTFS T, DUMI s DUNGs VUMD, DLP

FEF

DEeDAvONsDTK ¢ELAT o £LUNe GEUHGHEAD JRATE o IDAY, CDAY,LET 1M
DLAT S CLUNG SHXE¢SEL Ve FLATFLINGFFR,3ST,VN
TedeKelo“eNoht P 1TER

TeTEMP A

JLOMCIRULL o ECNEw 1 a0 JFIR 1250 130, 1365, 1%eK¥ KF
JC0M07TARyMAVE oCVCLo EFRUGURGE ¢ XO3 G 2058 2ERD
FCCHCINEo THE ¢ THRE ¢FQUR o FIVE o ATE o TEN D60 HUKD
1COML/C4BD 4 STPS o TUPL s DTRA,DI UM

2COMC/TRE G THG o THS (THT, THE,CHMTR,,LRRO, C2K o L2My REFC

EQUIVALENRCE 4 TP,IUNS(1))

12 FORMATIAL,2113),14)
11 FGPMATISAS)
READ(S912) 1STA,ISAT.IDAY,ITIY

IF1ISATY 30,431,301
WRITE(B,12) ISTA,ISAT,IDAY,ITIN

3

o

REWIND

8

CALL EXIT

3

==

READ(S¢117 DUNL,DUM24DUN3, DUNG, DUMS

MRITECR912) ISTALISAT,JDAY,1TINM
WRITE(Bs11) DUMLDUM2,DUM3¢DUMS JDUMNS
READUS¢10) TPoXNDT,SOME, SOMD,E ¢ AD. CONE,TIND

1
2
3

oC1o XLMG,CUML ¢ DUN2 S 1 OFST 10U 4 DUNG

o PUNS G UDEIK) (Ax1,9) IDAIK) k21,92,

(INIKD oK =1 0110 oDTRGGEOHI ELAT o ELUN,

& HEAD,PATE(DOPIK) oKu] o83 ¢ {REF(K) oKal4P:,

S ETIM
10 FORMAT

€12,09.0)

DUMIsELAYOTHS
1=0im1/060
DURI=CABS( JyMl-{DELE(FLOATL1))2060))

WRITE(B423:

13 FORMET{16,FL.4)
DUK1=ELONSTHG
1=Cum1 /D60
DU%1aDABSIOUPI={OBLE(FLUATI1)}#060))
wRITELB.13) 1,09M]
MRITE(B414) GEOH

14 FORMAT(F9.0)

116 FORMAT(F1000¢F5.00F5<04F3.0eF9.0,F0.0)

15 £ SRRATEF10.0¢F5.00F50,¥3.0)

16 FORPAT(F10.04,F3.00

17 FORKAT{F3.0§

222 FORMATIF10.0:F9.0¢F6.0)
70 26 x=1,12
1FIx=~1) 21.21.18

18 1F(r-8) 22.22+19

19 IF(K=103 23,23,20
20 IF(K=11) 24,24.25

1.0U%]

21 WRITE(8,2224 DUMIIK} DIPIK) JREFIK)
GG 10 26

22 tax-1

WRITE(80116) DURMKI(DELL)SDALTIINCTIIUPIKI JREFIX}

GO TO
23 1=K-1

26

HRITELB,15) ODUAPIKDLOECT)LOALLILONLI)

GO 10 2

26 lsx-1

6

WPITE(8.16) SI.ONLE)
60 10 26

25 i=Kk-1

WRITE(B,17) DNCTD

26 CONTINUE
13HEAD/ 160
wRITECR,27) 1,RATE

27 FORMAT{J4,FS.1)

RETURN
END

<133 -

RN
ot
INPUT
eyt
18Pyt
(RN ¢
1veut
INPUT
INPUT
LI
InPUT
IAPLT
INPLT
1APUT
Inout
inpyt
INPUT
1sPuT
NPT
INPLY
InPLT
InPyY
InPUY
INFUT
InPLY
[{8ZTH
INPLT
1L
InPUT
InPUT
INPLY
InPLT
INPYT
3nPUY
InPUT
INPUT
INPUT
InNPUT
InPUT
INPUT
INPUT
INPUTY
INPUY
INPUT
INPUTY
InPYY
inPur
INPUT
iarFul
InPUT
INPUT
158PUT
INPOT

INPUT
InPUT
IkPUTY
"Pur
Iapury
1vPut
inpLY
INFUT
INPLT
INPUT
INPUT
INPUT
INPOLT
INPUY
INPLT
NeuY
INPUT
inPuT
InPUT
IAPUT
INPUT
INPUY
fnPUT
INPUT
InPUY
INPUT
INPUT
INPLT
INPUT
FEN 1 g
INPUT
INPUY
INPUT
InPUT
INUT
INPUT
INPUT
INPYT
tNPUT
1xpPUT

DaYE

70.196/18.53.55
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LTI e U SRt WA T BB T e WY L R R
M
K SF C Is4 000300 t C 1s4 NoRo L [ 2 NoRe “ [ KeFa
r € Reg 40 $ C Reg 000028 cl s C keg (00040 DA 5F  C Rey uuuls?
DE SF € Res ON SF € Rey 0U0198 " C 144 N.R. 23 C ie4 [N
K [ L SL SF L ke& QUVI60 1P S LE Red LULOO VN C ney Neds
ATE C nep [#13 C Reg NoR. cam C <oy wefe QUP SE ( weR 0COUBs
OTK § C Reg V6D FA C  Ked U0LCAD 115 [ £ 1% NeRe i3v C lea Nove
ONE C Rep REF SF L Reg wvovOCE RSQ C Rep N.R. T C fe8 NoYa
TEN C Res 191 C Res NePe M6 € k%8 GULUUEY 145 ¢ Heg Ao R
™7 C Rep Ixg L Rep Nov. =0 [ 1eR. CKRY L ey et
CMTR C Rep UMD $ C ®*5 00LOD3S CONE § € wéy CULO3C (474 ¢ v NeRe
Ce80 C Reg CLAT L Reg Noka DLUN C Rey NeRe ufum £ vea fede
OTRA C Reg LUML SFA L Reg (00050 LUMZ SF ( d%s  wubdsE LUM3 SF ey LuoolC
DUM& SF € Reg DUNS SF C Rep  QUUGBO OUM9 ¢ (& x%0 LOULVY (Y40] C Feg et
ELAT SF C Reg ELON SF C  ker Qu0200 ETIN S C R LULI28 Ex1T SF AF Pe4 Ly L.
FFRQ C Reg FIVE C hey NoRe FLAY ¢ weg AuRe HLUA C wen feta
FOUR C Reg GEGH SF ( Re8 000208 H-AD SF € K8  LOU21U R € ¥Hen e
LOAY SF € e 1FGR ¢ 1se HeRa ILNE [ T NeKe 15AT S# 1o o dul
1STA SF 1e4 1TER ¢ 1es Nel. 171 SE 194 LLOLLe 1reu € 1ss et
1365 C les HOAY [ £ 1 ke LOuP [ L2 ek sutt C 1% e
OFST § C Reg OMGE C Rey NeRe “ATE SF € Ret Luu2ls e FC [ ek
SELV C Rsp S4UXE C Weg YeRa Suny S L Re&y COCulb S1E Y [ AR
125 C ®ep Tenp [T T HeRo THRE [ NeRo 1.98 ¢ w8 Ne¥e
WAVE C R¥p ALMG S L Red 000048 X%01 S C d4%s  QOLUUE LS ¢ uep feve
ZERD ¢ Reg 0sQ € Rey N.Ro eyt Ive ououlls 1nluMe b XF 1t4  JJ.0'D
seevs  (JAMUN INFORMATIUN  sesse
NAME OF COMMCN BLOCK = . S1ZE Ur BLOCK CC0388 HEXAQEC IMAL BYTES
VAP, NAME TYPE REL. ADDR., VAR, NAME TYPE &EL. ADCR,  VAP. NAME TYPE REL. ALUK. VAR, NAHE  TYPE L. ALK
P Re8 000090 xND¥Y ey 000008 SOME Reg QL0010 SLMD Reg 030518
€ Reg8 000020 a0 Reg 000028 CUME Reg 000030 (4140 Keg  coun3R
<? R“8 000040 XLMG Re8 000048 ousy Re8  DUULSD tur? Heg  HOCO53
s3 Re8 022060 GFST Re3  0UVOGLE Duv3 Keg  QUOLTO JUre Hey  20007d
ouns Re8 000080 coP Key  0000bY REF Reg  QOULLE UE Pag (00148
0A Res 000150 oN Re8 000158 o1« Reg8  UOULFY [SWA 8§ JUCLFI
ELON Re8 000200 GECH Rey 000208 HEAD Re8  0V0210 RATE Aes 000218
tOAY 1¢4 000220 MDAY 1%4 Nobe ETIN Re8 000228 OLAT aeg NeFe
DLUN Reg N.R. SHMXE Rep NeRo SELV ey heRe FLat Ry NaVe
FLON Reg NoR. FFRQ Reg Nefe R>Q Reg Aok. Vi cep feWe
1 194  O002F8 J 124 Aok v fe4  Suw30C L 1e4 ek,
" 104 N.Ro N 144 N.K. 0P 1e4 Neko 1reR 14 Neita
v Res NoR. TEMP Reg NeR. A Res Neke

EQUIVALENCED VARIABLES WITHIX THIS COMHON BLUCK
YAREASLE OFFSEY VAKIABLE OUFFSET VARIAB.E  orfy’ VARIASLE CFFSETY
oyre 000000

NAME OF COMMON BLOCK o CUNMCe SIZE OF BLOCK 990128 MEYADECIMAL BYTES

PAGE 004

, VAR. NAME TYPE REL. ADDR. VAR. NAME TYPE REL. ADOR. VAP, NAME TYPE RitlL. AOUR. VAR. VAME TYPE REL. LDOR.

NULL  Ies N.R. 1ONE 194 Noko 1Tk 16 HeR. iR fes fakls
. 1S Ies NoRo 130 1% NoR. 1365 1% NeR. v 1es Mol
[ L] 1*4 N.Re KF 1%4 NeRo TAM Ree NeKe AAVE Reg NokMe
CVCG  Res NoR. EFRQ  Res HoRa CuCE  Res helo x0S2  Res v
1050 Res NoRo IERD  Rel teRe UNE  Res Noko The  kes Noke
-2 THRE  Re8 MR FOURL  Res NoRo FIVE  Res Hoke aTE Kb NeRo
3 s TEN  Res NaRo 960  R®8  DIVOAD HUND  Re§ NeR. CeB0 Koy NoRe
. SIPS ReB NeRo Tt Res No.fR. CTRA Reg NeR o otom Reg NeRe
it ™} Ppeg Ne.R. T4 EL ) 0000ED ™S ieh heRo X7 Reg hoRe
RS Res N.R. C U Res NoRo CkRM 408 Noko C2k  Feg Aofa
3 Can  mes NoRe RLSL Res NaRo
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e

PP W e AR R LT TR R T I SO AT T TSI IOT T RIS TV T TS TV

LAEL AGD~ CAREL ADOR LABEL ADOR LABEL AODR PAGE 00%
Y0 0001s¢ ‘L A0O1LEA 16 00055A 19 000562
20 0005¢A 2 700578 22 000543 23 000608
24 000642 2% DugLIA 26 00089
SCPTIONS "N EFFECTe NAMES  MAINLUPT 22, LINECNT258,S12L70000K,
SUPTILNS IN EFFECTe SONACE +ESCUTCoNULEST o NIDECK f LUAD ¢ HAP ¢ NOEDIT ¢ L0, NUXREF
FSHATISTICSe SOURCE STATEMENIS = 79 «PRCGRAM SILE = 18.¢

OSTATISTI S%  ND  DIAGNOSTICS GENERATED

sesves EAD UF CUMPILATION sesee 49K BYTES OF CQRE NUT USED
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1 LEVEL 19 ( SEPT 69 ) US/340 FIRTRAN H DATE  70.176/18.54.04
Y l COMPILER OPTIONS - NAMEs MAINGOPTS02,LINECNKT=58,512€200907,
L SOURCELEBCOIT oNOLISTeNIDECK #LUND o MAP o NUEDIT o 1D 4 M IXREF
1SN 0902 SUBROUT INE (VTN Cvin
C cvin
C Cvin
o C CONVERY ORBIT PARANETERS (0 CUMPUTATIINAL UNITS cvIs
€ COMPUTE INCREMENTAL LAT AND LON GIVEN HEMUING AND SPEED LVIN
3 C =ONVERY CROSS PLANE AND INTERPULATE [42 L]
€ RESOLVE TRUE LOCK FIME cvin
€ CONVERT INITIAL ESTIMATES AND SET INTO CONPITATION Lvin
[4 cvin
* 1SN 0003 DOUBLE PHECISION VAWM %AVF,CVLG, EFRQ.OFGE, X050, 205Q CLvin
3 1SN CO00& OOUBLE PRECISION ONEoTuOoTARE oF IVEATELTEN, DOO s HIND,C4HD 45 IPS (872 1]
. 1SN 0005 ONUBLE PRECISION TOPI,DTRALOTON,THL, TH6, TH5,THB,CHTR,CKAN Lein
3 1SN 0006 DOUBLE PRECISION ZERO,FOUHTMTL2ReC2KREFC Cvin
3 1SN 0007 OOUBLE PRECISIGN DOPREF 40L o DAIDNLELAT S ELONIGECH, STIMGHEADRATE (T4
3 1SN 0008 DOUBLE PFECISION DTR, TPy XNLT,SOME, SUMLE AT eLOME (CO 00 I o XLKD ViR
4 1SN 009 DOUBLE PKECISION DJNL1,DUN2+S14OFST+0UM3 DUNG . DUNS wvTn
3 1SN 0910 DOUBLE PRECISION DLAT,OLON.SHAE +SELVeFL. * ,FLONFFRI,FSQ VN vin
] (SN 0071 OOUBLE PRECISION “MENCLSUCPT T1,PoLP, TEMP, TERA Cvin
3 c cuin
N C-=-DINENSICHS cvin
1SN 0012 DIMENSION CPT(S55,CP(5) [400]
4 1SN 0013 DINENSION DOPUS] ¢REF(8) ¢DE(9)90A192 400113 DLATII),OLONIF) VI
1SN GO0l DIMENSION TEMAL20) cvia
-e c cvin
C==~COMNON CVTn
i 1SN 0015 COMMOR TPeXNDTo SOME e SONDGE ¢ AT+ UM 24LUMDLC L XLAG cvim
rrs JSN 0016 COMMON DUNLoTUN2,51¢0FSToDUND, DUNG, DUN5,00P cvin
1SN 0017 CONMON REF cvin
1SN 0018 CONMON DEoDAsONOIKoELATLELONIGEQH s HEAD JRATE 9 IT#) , #DAY 4 STIN (A% ¢
1SN 0019 COMMON DLAToDLONoSMXE ¢SELVoFLAT FLONoFFRQoRSQe VN v
- 1SN 0020 COAMON TeJoKeLoMyNoNDOP, 1P Cetn
é ISN 0021 COMMON TLoPoCPoCPTCRSDICLSDTENP, TENA CVvIM
- < CvIn
4 '£ 1Sk 0022 COMMON JCOMT/NULL oAONE o 1TRUs 1FORe§159 13041365, 1M,KM KF (43].4
1SN 0023 COMMON /COKC/ T a o WAVE s CVCGe EFRCIONGE ¢ X330+ 235Q0 ZERY vin
13N 0024 COMMON 7CONC/ONE o THOTHREFOUR, FI¥E LTE o T ENeD6D HUND [43¢.)
r - izx 0025 COMMON 7LOML/C 480+ 57P50 TOPI «GiRALDTON vin
3 f 15N 0026 COMMON /CONC/THY o THe o THS o TAT S THB,CHTRCKRN, C2K L2, REFL (431
1 4 Cvin
3 i € CONVERT CUNSYANT ORBIT PARAMET. Cvim
=T 4 [19¢]
1SN 0027 TP=TPOTNS Cvin
1S8 0228 XNDT= {XNDT+.3049) SDTRASTHS (29 (.}
- 1SN C229 SOME=SOKESDUTRASTNS (47 1
1SN 0030 SORDaSONDSDTRASTNS (33 ¢
£ iss 0032 E=ESTHY CVIN
£ aF 4 AD iS IN MLTERS cvIn
b 1SN 0032 COrZsCOMESDIRASTRS cvin
3 1SN 0033 COND=COMG*DTRASTHS (42 4]
g 154 0034 ClsCRoTNT vin
R =g 1S 00335 XLNGo XLNGODTRASTNS (43¢,
H 13 1SN 0036 StesisfnT (49
4 . 157 - cvin
re
3 ';
-3
: o

S

(P

ol i tisy Gty e




5%
1Sh
1SN
154
1SA
1Sh
15h
15n
15%

133
1Sk

158
158
1330
1SN
15N
15N
15N

1SN

158
154
I
158
158
158
ISK
158
1SH
1SN
1w

1SN
158
1N
1%,
158
131
1SN
158
| $3 ]
1 £,
1S58
| $3.

15w
ISN
1334
1§31
SN
158
ISN
|31,
158
ISN
131

0037
Qo3
0036
©040
0041
0042
0943
ovss
004s

C046
0047

Co%n
0049
0050
0051
00%2
s
0054

0055
o056
0057
90%e
0059
3060

0061
0062
0063
0064
0065
0068
0067
00&8
0069

0070
oor}
00712
o073
0074
007S
onle
0077
0078
0079
0cs0

cosl
0082
0083
OORS
ocss
0086
0087
0088
0089
0090
0091

0092
0093
0094
2095
0096
0097
0658
0099
0100
o101
0102
n103
004
0105
0106
0107
0138
o109
olic
o111t
0112
o113
0114
o115

C===TrE(K 2AD REFRACTECY CLARFLT Tut OuPPLEXRS
Cmmom= 0 BUPPLEX, ACT U300 TN SCLUTILN
C
SOGPaNuULL
GU 30 Isl,In
IF (OCPLI3-C3IM) 2%,29,21
21 UF (REFLID-C2¢4) 22429622
22 CLPE1)a0CP U)o LC2h-REFUETIOREFC
AUGPADOPe LONE
GO IC 3
29 DCP{l)s 2ERO
30 CUATINUE

(4
C-~=CUNVERT HEADING ANU SPEED
c
HEADZREADOCMTR
RATE22ATEeCKR®

C
€ CONVERT DE(K)I,CAIK) AND CLMPUTE IMREMENTAL LAT AND LON
[ 4

00 1 Xsl.Kkm
DE(X)SDE{KI*DTRA M,
OA(K)=DALKI®TEN
TE¥Pan-KF
TEMP2 TEMPORATE
DLONIK)sTEMPODSINIHEAD,
1 OLATIK}aTENPOOCOSIHEAD)

C-=-CONVERT AND S~ INITIAL ESTIMATES
EFRQe(OFST® vT7)02.4004
FFRQ=EFRQ
ELATRELATOCMTIROTNG
FLATSELAT
ELONSELONOCMTRETHG
FLUNSELON

C---RESCLVE TRUE LOCK TIME
1+sSTIN/TuO
1P= ITNC*1P
1=1P/7130
1=1P-130e1
KaTWGeDYX
KeK~f
1aK/115
KslPaKk=-13001
STINsK

C---CONVERY CRUSS PLANE ELEMENTS

f=x/1F0P

KsK=-1FORe1

tParstt

L=t Tn0

IF (KX} 2,3,2

L=10NE

00 10 1=1,5

CPLII=ZERD

CLSL=DNC ICNESL )

CHSDsDNIL)

IF (CMSDY ell,12

N

11 IF (CLSD) 9,4,.4
CHSO=CNSO-FIVE
IF (CMSD) Se8,8
S CLSDs-CLSD
IF (CMSDOFIVE) 8.6,8
6 CASD2ERD
8 IP=1PSIONE
CPLIPI=HINDSCHSDSTENSCLSD
CPT(IPSaL
9 LaLelTWD
10 CONTINVE
S===INTERPOLATE FOR MISSING CROSS PLANE ELEMENTS
Ti=THG
DO 20 K=],KM
DN{K}=ZEROD
IF (IP-1TWD} 20,20,31
1TA=I0ONE
1=CPTL1Y
J=CPTHIM)
JsJ=1FOR
IF (K-1} 16416,12
12 1TaaipP-1tuC
1F (K-J) 13,16,16
13 (TA=K/1THO
16 DD 19 (w13
JaLe1TA-1ONE
P=ONE
DO 13 M=1,3
I=RelTA-TONC
IF (1-J) 17,18,17
17 PaPe(TI-CPT(1II/LICPTLII-CPTLIL)
18 TONTINUVE
19 OMEK)I=DNIKDePSCPII}
20 Ti=11+0NE
wETURR
END

s

3

i

~138 -

cvin
(421 ]
cvin
(42 C]
cvin
(A% L]
cvIn
vim
cvin
VTR
cvin
CVIN
Cvrn
[4L]
cvin
(44 ¢.]
cvin
(4411
in
(4213
CvIK
(441,
cvin
CVIR
(4701
cvrn
cvin
cvin
cvin
(4324, ]
cvin
{4 3£
14 413
cyTa
(2% L]
Cvin
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TEVLINS

oy

weed  beed g SN e

[
il

1} ] f
Frevporyag apnrrre

3 [ ] ] v
Fha rHang amenins b

grrerysh

[ 3

Travach

n1r*64=

$md et b R

ey

NANE TAG

COME SF

n
n
b
[~
[

MOAAOAOAOOOOAOADLIDOADO/NOODANAONN

TYPE ADD.

NAME OF COMMON

VAR, NAME
™

E

1
St
ouns
oA
ELON
DAY
DLON
FLON
!

L

13
CMSD

NAKE OF CCMMON BLOCK ¢

TYPE

Re*g
Reg
Res
Reg
Re3
Reg
Re3
16
ReB
reg
1%
e
Reg
Eid ]

VAR, NAME TYPE

NWLL
11s

KA
CvLG
108Q
THRE

TEN

T™e
THE
c2n

i
1es

is%
“an
~-

Rep
Reg
Reg
Reg
Rep
Re8

LOCX o

REL. ADDR,

000000
000020
000040
0020¢0

N.R.
000150
000200

N.R.
000278
000208
0302F8
000308
GD0318
000378

REL. ADCR.

9006C00
000010

000020
Nl
NoRo
N.R.

000098
N.R.
Nar o

00COS

0001.8

- e e

% &a.! 0
D mn, © Jf?ﬁ?ﬁ

HEHERAS 0 e m -

/7 LVin /

NARE 140 TYPE ADD. NANE
1 SF C Is& 0002F8 4
ASF € [1e 000308 N

CL SF C Reg 000040 [
ON SF L Re3 000198 in
KM F C 1% 000020 k3
VN C Reg N.R. ATE
(2] C Res ooolls oop
17A SF ise 0203aC 115
REF F C Rkes 0000CS RSQ
™ C @eg heRa ™e
THs F C Re3 0000F8 Tud
CHSO SF C Re8 000378 carx
[474 C Reg Nk cvrn
DLON S C Kea 000278 DYuM
Dun2 C Rep NeR. ounld
EFRQ SF € Rep 000340 ELAY
FIVE ¢ £ Res 000088 FLAT
GEOH C Rea NeRo HEAD
IFOR F C [*6 00020C 1088
MpAY C 1% NoRo HhoOP
OMGE ¢ Rey =R, RATE
SMXE L Res L TN SOuo
STPS C Rey NoR, TEMA
T0P1 C Reg NoRo ®AVE
X085 C Rey NoRo ZERD
DSIN XF R®3 0U0COO
ssese  (UMMUN [NFURMATIUN seses

. SIZE OF BLUCK

VAR. NAME
X80T
AJ
XLRG
UF ST
Plild
CN
GEOH
noav
SKXE
FFRQ
J

N
P
€Lso

TYFL AEL. ADDR.

050432 HEXADECIMAL AYTES

Reg 030208

Reg

N.R.

Rep 000048
Reg 090068

Vo088

Kkeg go0198
R.

heg 000380

conce SIZE UF BLOUCY

VAP, hant
10nt
i3

<F
EFRQ
2ErD
FOUR
060
10P1
TP
(431
REFC

TYPE Rel. AJDR.
Quouds

16

000128 HEXLZDECIMAL BYTES

184 ouoole

Tos 000024
Reg 003042
Reg ©U00LD

neg
Re3
Reg

N.Ro
NoRe
NeReo

Rey 0JudEd
Reg CuG100
Rep 060120

VAR, NAME

SONE
COME
oun}
oun3

REF

DIK
HEAD
STin
SELY

RSQ

X
ADOP
[«
TENP

VAR. NAME

1Twd
1365

Tau
UNGE
ONE
FIVE
HUND
DIRA
TS
CRRNM

nnwm

SF

SFA

SF
5S¢
SF

TAG

OOOOTOANOOOO0 OO OAON

TY2€
Reg
Reg
Reg
Rep
neg
Reg
Rep
Rey
/g
Reg
194
104
Reg
Reg

TYPE
104
fes

Re3
(41
Rep
Rep
Reg
Reg
Reg
Hepy

TYPE ADD.

16
104
Reg
104
Rep
ReB
Rey
log
&8
/ey
Rep
Reg
Res
Rep
Rey
Ko g
Reg
Rey
l1e4
105
keg
Hep
Reg
Reg
Keg

w01l
NaPo
feeRe
006060

REL. ADDR.
0uo0l10
ooun3u

NaRo
Haklo
0000C8
VOULFO
600210
coo022¢

NeRo

000369

Kelo

ALORS

LUCuose

ReRao

L

loko
[T )
Q0CUER
V0uUAS
ou00C 8
QaCots
ouclce

NAME
K
4
DA
114
T
cry
[1343
130
TAN
NS
CKR®
Conp
C480
otra
Oyt
ELCN
FLON
HUXD
17u0
hULL
REFC
SUME
TENP
LM
205G

VAR. hAME
pSet ]
Comp
Cunr2
oune

ct
€LaT
RATE
OLAT
FLATY
vy

t

1P
et
TEMA

VAR, NAME
1FLR
L]

nAVE
A0S<C
Tal
ATE
C480
oTeN
T7
c2x

SIZE GF PROGKAM OCOGF2 HEAADECEMAL BYTES PAGE 004

TAG TYPE
SFC 184
SF C Res
SF C Red
SF C 1%
SF C Reg
SF C Rep

F C Reg

F C 1%

C Res

F C Reg

3 C Res
SF C Reg

C Reg

F C Res

L Reg
SF C Res
S C Re8

(3 C Res

14 C 1%

F € 1%

F C Red
SF C Res
St C Re3
SF C Rsg

C ko8
TYPE REL. AD

Reg 000018

Kkeg 000038

Heg NeKo

weg R,

Reg 000108

Peg J001F8

Reg 000218

Reg 000230

Rey 000200

Reg NaR.

te4 000304

Rl yC03le

Aoy 000350

Reg NoR.
TYPE REL. 2D

14 035930C

184 @eoulC

PAGE 00>
Feg Nekeo
Reg 1P
Hep 000073
Reg Noko
Reg ¥efe
Fe8 NoKo
ney 0CO0HD
LLd:] ocolic

ADD.
000300
000320
000150
o0U3le
000318
000350
0001F0
G000l

N.R,
0000ES
000108

CR .

ca,
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1
1

ADDR

¢001€C
Vd020DE
100490
0004F2
w502
000664

€0 TIONS IN EFFECTe
SUPTIONS IN EFFECTe
#STATISHICSS

OSTATISTICSe &

setnss €40 OF COLPILATION sevsss

LABEL ADDR LABEL LDOR LABEL ACOR
22 O0OOLFE 29 QQ02is 30 00021
2 00040E 3 0004t2 11 000486
5 000498 &  0004AC 8 000483
10 OO0D&FA 31 aQosas 1¢  QUOSHE
16 000512 LT 00061 19 00065
20 0006%0

NAMEs  MAIN,GPT=Q2,L ENECHT=SE,S1LE20000K,
SOURCE 4EBCOICINOLIST ¢ NUDECK ¢ LOAD o MAP s NUTOIT o [0 o NUNAPF

SOURCE STATEMENTS » 114 (PROGRAM SILE = 17re
OIAGNOSTICS GEMERATED

4% 8FTES DF CURF Mif USTD
- 140 -

Lo

G
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[P
N

e

b3
.
I

¥ <3

§o g

» 4 - ] v .
» N e [

arer
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- . e T s L

LEVEL 18 ¢ SE®T 69 ) 087360 FOITAV 8 DATE 70.196718.53.47
CONMPILER OPTIONS ~ YiNEs MAINGOPY=02,LINECKNT=58,S12E00000K,
SOURT €, EBCORCNOLIST NDOECK oLOAD < MAP( NOEDLY o ID ¢ NLXREF
TSN 0002 SUBPNUT INE Sast SATC
4 SATC
C-USES SX¥YZ TO COMPUSE SATELLITE COJRDINATES SAvC
C ORIVER TO SEY FIME AND VARIABLE PARAMETERS AdD STDRING PARAMETER K SATC
c SATC
1SN 0003 DOUBLE PRECISION TAW MAVE LVCGoEFRQUMGE ¢ X0SQ, 2050 SATC
ISK 0004 OOUBLE PRECISION ONE«TaOy THRE,FIVE,ATETEN,DO6C,MUNDL480,57P5 SATC
ISN 2005 DOUBLE PRECISION TOPI,OTRA,OTUM THL 4 THe,TNS,THB,CHTR,CARM SAIC
ISN 0006 DOUBLE PRECSSION ZERDFOURGTNToL2KL2MREFC SATC
1 1SN 0007 OUUBLE PRECISION DOPeDJIMeDE¢DA2ONe ELAT ¢ ELONGGEOH, STIM, HEAD,RATE SATC
1SN 0008 OOUBLE PRECISION OTK TP (XNKDT ,SONE,SUMOLE o ADe COME, LOMULCT, XLAG SATL
1SN 0009 DOUBLE FRECISION DUML,OUMZ,SIoOF SToDUN3,DURE,DUNS SATC
IS8 0010 OOUBLE PRECISION DULATDLUNeSMAL ¢SELVIFI AT FLON, FFRQRSTo VN SATC
ISN 0011 DOUBLE PRECISION DEKoDAKoONK $a1C
1SN 0012 OOURI F PRECISION T,TENP SATC
c SATC
C-=-DIMENSICN SATC
1S8 0013 CIMENSION DOPUB),DIMISI¢DECT) DAL ¢ ONTLL 2, DLATE ) OLONCY. SATC
4 SATC
C==-LOMNON SAT
ISN 0014 CO-MON TP XNDT,SINSoSOMD o EoAQCIME(LUMD VT Ty XLRG SATC
1SN 0015 COMMOK DUML +DUM2 4 S1+0FST 0N, DUMG, 3 RS, SO0 SATS
. IS8 0o0le COMMON DEKsDAK,DNK S&TC
1SN 0017 CONMON DUN SATC
1SN 0018 COMMON OF ¢DAoDNOTR o ELANG JEL e GEOH; NEAD o RATE ICAT 4 MOAY, ST TN SATC
ISN 0019 COMMON DLAT OLI%M, JNXE ¢ SEU oFLAT(FLUM,FFRQIRIQe V™ SATC
158 0020 COMMON 1,J0% L8 N M#DUPLITEP SATC
1SN 0021 COMMON T,TENP SATC
c SATC
SN 0022 CTMMOY JCORL/NULL g JCNE 15uUs 1rQRe 115y “300 1365, IMeaY, . KF SaTC
1SN 0023 COMMIN /2ORT/TAMGMAVE o YLGLEFRGIOMGE ¢ X *5Q4 20500 2220 Sarg
1SN 0026 CONKTN 2LIME/ONE o TaDe TMZE o SURSFIVE oA Te s TENDOOLIUND SATC
IS8 0027 CONMIN 7CORC/CLEDSTPS TLPL,LUTRZ,OTON SAFL
1SN 2025 CONNON JETPCITME  THe  TRS TRTTNOCNTRARM,C2KL2KREHE SATC
< SATC
L--~LCMPUTE TIME SINCE PERIGEE SRTC
158 O30 T#51in-TP SATC
tSre 0O2E IF (T¢C4&80) 1,142 S&IC
L Dy 1 TeTeDI0O% SATC
1SN 003G GC 13 & SATC
1SN CO31 2 1F {T-DTOMSTOPEIFXNDTE 5433 S&TS
1$n 0032 3 TsT-DIUM S&TC
1SKw 0933 o DU 5 Kal.kM SATL
. 1Sh 003¢ DEX=DELN) Y31
1Sh 2035 DAKeDALX SATC
§SN 003¢ %K =ON{K} SATC
1SN 0037 CaLt sxv2 SATL
IS 0334 4 (alelun Sarg
151 303+ SRR SATL
151 0040 En0 SATC
&
i Yt SIZE JF PROLEAT Uwtate ¢t LALECT /3L LY TES raot L2
E NAME 1aC  TYPE ACD. fA 4E 145  TYPE sal). w@re 156 TYer ALd. L4E TAv  Tv.b 2.l
€ C Reps “.P. 1 T 1es AL 3 LA £ * <S¢ P £ U T
L L C 186 Neb. " C 1% A . € ise Ty L iss 0 3lc
a2 C asg NP, < € Rey KaRa s F { seg Wbt X 2e- wed
g [ I 2 € Reg 000192 1 C 1o .. ne T les LR ¢ Tes
¥ S3 ¢ wep 129% 18 17 ¥ ¢ R*s 0001 L) { =neg alg < mer
2K C Res Nofo o L #Fep N, [>T C wep ~er S L we=
| L L9 C Resg 00DOCE oLP [ ] Ne2, ik i meg JuY L &ep
4 D60 C Rep ho Ry 115 C 1% Nede 130 C 18« Nt € des
i (1] C Rep heb, Tia L pey Yoo Ten C roo 11 L Pex
i THéb C HRee “eFa TS L Reg Yoo w7 l <o 18 T =g
k Is0 F C we8 000070 LKRY C Ree Aate [ 0 L reo [ « =en
E CONE C Res NP, 47147 ¢ ey N Leno t wec [ERY] ¢ er
Y CLON C rReg Nob. LTLr ¢ h®8 Lullus {iaa [ et “-1 T e
rue2 C Res LTE 29 JUr3 ¢ wHed he?o T te C 19%¢ [ ] LT oven
b EFRD C r%p f.P, ELar C weg ATE PN T [N £ LE X ~ mc
Flve [ 2.1 he 2o 1LAY C Aeg FLLs  wogp [ L »=es
GEOH C PRep T3] ¢ aeg (A1 [ L [ P2 T Jes
IFOR € 1ee 1UNE [ £ 21 AT 1Te2 T 104 AR} L le.
1365 C ge- [ N73 4 L 1es Nevo oL ¢ 1%e ASHES £ les
OFST C Rep - ot < “*> Yo a PAYr { &ep Ceve i C Ao
SATL Pos StV [ Nebo Saxg ¢ ney e RTN [
Su- C wes LItk C R u.u223 SAYZ S A Hke L, L STve e
T€%pP [T 198 I sen Ned. 11 T oeez L. tu N [T
LG C Pep F ol C kRe8  LLLIIN ?ibe =g e £ [ .t e
952 £ Regy
0080 (AL Inbo ¥ TRTI N ‘eone
I NAME F CONMON ELOCK @ . SIIE WF 3TLICA CI.32% nlAdLivaL =vIes
VAR, WAAE TYPE #FEL. AUDR. VARL NAYE TYPF Wbl 1D s Vvike LAvE  TYSL atle nuove N LKA . Te
™ Qo8 035326 AnDY seq Qrvor? LYoyt rog ate < v -er e
£ Rep .Y, A3 K98 faba [ GERY [0 et [} -8 Peva
ct LY N <. e Neto Lu”l -er . PP . ..
st aen Na®o JFst Heg Nere v.’d LA e ‘4 —ee v
JUns ReR 8 Lu? AT ] Nere LY ‘en M (2 I ar -
onK Ren LOTCi s O “ey Nete ok ~*5 wr iu R s rr 1.
UN fey [v410 84 ] Ul bey Neb o £13 -y v, LR Py
GEQH Reg Ne¥bo nEay Rey Nere PR “ve 1.8y ek .
ROAY |22} P STie Re VU024t NS ey PR e et e
SwxE Reg Neke SELVY (X1 NeRe Fuat oy [ S er “ta
FrRd ReA NaQo RSS Rey e ¥e v Hes 1 LR - .
4 1046 NeP. < 164 3J3ut 1 1es Ry e .
L 14 Mo k. [X i~ NeHe HEH fea b T .- ars
TExP Ren Nehe - 141 -




NAALE Ur LJTMUN OLULA - LuR e LT Ir SLULA GUURES MTAAUCLEA N L TlRD
VAR. NAME TYPE HEL. ADDR. VAR, NAWt [YPL REL. ADUR.  VAR. NAMF 1VYPE KELe ADUk. VAR, hAWE TYPE RIL. AGUR. -
NJLL 1e4 N.R. tuNe Les No#e 1150 Tve NeRe 1FOR 1e4 NoR. :
ns tes Aok, 130 1%4 NeRa 1365 1es heR. in 1354 Nebo N
Xy 1e&  000C20 KF 14 N.Re TAn Reg Nekto WAVE ReH NoKe * s ;
1
!
SAGE 003 PO
€vee Re€ MaR. EFRQ wey NeRe UMGE Re8 NeRe x05Q reg Neke : !
(dSQ Res No®, <ERO Rey NoRe nxt Re8 NoRe 140 Re5  0J0QTO is
THRE Re8 Noko FIUR Red NoR. FIVE Reg Aok ave Rey teKe 3
TEN Reg K. R. 062 Rey NeRe HIND ReB NeK. €480 Reg  0000LO
STPS Res [ Tor1 Reg 00000 CTRA (3] NoKe DICM Red  LOOUDO §
™ Rea A.R. T4 wey NeRa | £ 13 Reg [ v kep NeRe ~
Ty Reg NeR. CMIR Reg Noha CKRM Reg NeRo [&13 Koy NeRa H
24 208 NaR. REFC Rep Mo¥o B H
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e Qmy WS 0N N TUF S Mt e AR e

LABEL ADUR L ABEL ADDR LABEL AOQK LABEL ADDR

1 9900C2 2 00r002 3 0000EC & 0000F2
5 00011E

PCPTIUNS IN EFFECTe NAREs  MAIN UPT302,L (NECNT=»58,512{ sCODUK,

*UPTIONS IN EFFECTe SOURCE.EBCOICoNULIST ¢ NOUECK o LOAD, MAP, SOEDET, 10, NOXREF

OSTATISTICSe SOURCE STATEMFATS = 39 JPROLRAM S12¢ = 356

SSTATISTICS® NO DIAGNOSTICS GENERATED

soetes END OF COMPILATION ssesee 61K BYTES OF Z2RE NOT USID
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Turmie

i

trrep e et

..,

oy POYTERN pgm o ]

4Lag s

Ltttk Lt

i

AT

LE¥TL

1SN

1SN
ISN
1SN
1SN
ISN
1SN
15K
ISN

15k

18 t SEPY 69 )

057360 FORTRAN M

COMPILER OPTIONS - NANEw MAIN,OPTs02,LINECNT=58,SIZE=0000K,

00c2

~003
‘0l
0005
0006
0007
J008
0009
0010
(/28]
0012
0013

0014
0015

0016
001~
oc1s
©c019
00:0
0024
0022

0023
0024
€025
0026
0027

0028
0029
0020
0031
0032
0033
0034
0035
J036
0037
0038
0039
0040
0041
0042
0043
0044
0045

0046

X aXa)

4

SOURCE ¢EBCOTCeNOLESToNIDECK 4LOAD ¢ MAP4NOED LT+ 104 NOXREF

SUBROUTENS SXY¢

COMPUTE SATELLITE COORDANATES FOR TIME T CORRESPONOING TO POINT K

OOUBLE PRECISION TAWeWAVE +LVCG+EFRQ4IMGE 0 X05Q, 205G

OUUBLE PRECISION UNEs THGe THRESFIVEcATEsTEN2DS0 HUND L4804 STPS
DOUBLE PRELISION TUPIDTRAZDOTOMaTH] ¢ THe s TNS ,THBCHTR,CKRH

DOUSBLE PRECISION ZERD.FOURGTMT4C2K ,C2HoREFC

DOUBLE PRECISION DOPoXSoVS¢2SeELATELONGGEDH, STINJHEAD,RATE
OOUBLE PRECISION OTKoTPoXNDT ¢ SOME¢SOMUE ¢ ADy COME o COMDs C1 o ALMG

DOUBLE PRECISION OUML.DUMZ5140FST,0UN3,DUMG,0UMS
DOUBLE PRECISION DuM,T,TEMP

DOUBLE PRECISION OLAToDLONy SMXE ¢ SELVIFLAT s FLONoFFRQRSQeVH

OOUBLE PRECISION DEKyDAKyDNK

DOUBLF PRECISION XKKeEKoAK UKo VK oA oL oS ¢ XKPy YKP, BK» LBK . SBK

C---DIMENSICN

DIMENSION DOP{8) 4XS{9),YS{90+25(111,0LATL9),DLONII}
DIMENSION DUM{4)

C
C---COMMON

COMMON TPy XNDYTySOME ¢ SOMD €+ AQ o COME (CUHD 4 C1 ¢ XLNG
COMMON DXIM] ¢ DUM2+ ST+ OFST ¢ DLI%3, DUMG , DUNS 4 DOP
COMMON DEKoDAK DNK o XMK o DUM

COMMON X5,YSe2S¢DIKeELATELONGGEUH ¢ HEAD sRATE o IDAY JHDAY 4 STIM

COMMON DLATDLONy SMXF o SELVFLAT s FLON: FFRQyRSQe VN
COMMOX [edeKolsMoNADOP L ITER
COMMON Ty TEMPoE¥ gAK ¢ UKo VK o WK sL Ko SHK ¢ XKPy YKP o BK o CEK ¢ SEK

COMMON /COMC/NULL o IONE o T THO 1F0OP 115013041365 ¢ (Mo KNy KF
COMMON ZCOMC/TANoMAVE 4 CVEGet rhl oy UMGCE9 XO5Q42050,2ER0
CONMON 7COMC/GHL o ImOeTHP Lo FOURS FIVE o AT 2o T€84,560, HUND
COMMON /COML/CaB00 ST 22 TCPL.DTRADTOR

COMHON 7COMC/TR L TPATMS (TNT o THECHTR (CKRNHC2ZXK 1L 2%, REFC

XMK »T €XNDY
EX#ESDS INTAMR } e XMR ¢ DEX
AK=AGe 2K

VK= A oD LIREEKD
UK={COSCEXI-E ) sAK
WK SOKE ~Te SEMD

CHK sDCOSINK)
SHK=3SENLrK}

XKP 2UKA CHK~ VKS SHK
YKP2YKECHK sUKSSHK
B8K=>{COMD-OMGE ) o TeCONE-
C8K +0L0S5(BK}
SBK>0SINIBKY
TEMPeYXPECI-DNKeST
XS(R}=XKPSCBK-FENPS SEN
YS{KIsXKPSSBROTEMP LB
IStKI=7KPOSToDNKOCY
REYUPN

END
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19474
sxyl
p337
Sxyi
13373
Sxyl
£33 74
SXYl
}$374
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sxyl
Sxyl
sxylz
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Sxyi
Sxy2
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Sxvl
Sxyl
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sxyl
Sxvi
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TP INTY Sl T L L

’ SxY2 ¢/ SIZE OF PROLFAM 900204 nEXAUELIMAL BYTES FALF UL}
NANE TAG  TYPE ACD. NAME TAG  IYPE AUD. NAME TAL  TYPE AQU. hAME 146 1YPE AU,
€ F € Rsg8 000020 1 C 184 N.Re J [ £ 13 NoRe F C 1e4 Luuldy
L C 1es hoR. [ C I NeRo N ¢ les NoRe £ C wey 00..18
AXK SF  C Re8 000330 A0 F { Res 00028 BK SFA C K®s UOU3TO F € wed LOULAC
EX SFA C Re3 000328 18 C le4 NoR, 33 C e NoHe C 1es4 NeRo
SI F ¢ Re3 000060 " C Res NeR. UK ¢ Key C00338 Sk C ke 0DV
N C Reg NoRe ¥K SFA C Re8 000348 xS C Heg LOOLVE s C Keg COJSY
5 S C Rea 000198 ATE C Reg NeRo (413 C Kkey (GOU3TE CaK SF C P8 000350
C2K C Res NoR. 2K ¢ Reg NeRe VAK C Key 0000CO VEK F € FHsg 0LOCCS
ONK ¥ C Re8 000008 oop C Res NeKe (1143 C Red Nk, OuM C Rep Haka
060 C Res N.R. 115 C les NeRe 130 C 166 AoRe OKE C w8 NeRo
R3 C Reg SBK SF ¢ Re8 000380 SHK C Rey 000358 TAm C Kep
TEN C ke ™l C Heg NeQe T4 C Hey LT T4s ¢ #ed
™7 C Reg ™S C Rey Neko ] [T AoRe XKP SF C Res
XNK SFA C Res8 YKP SF € x®8 000352 Chkn C keg NeRe CHIR C Red
COND F  C Res CO¥E F € A6 200030 (4747 C weg NoR. C460 C Heg
DLAY C Reg oLoN . Reg NoRo OTOM C keg Nedo LIRA C Rey
cunl C Reg ouM2 ¢ Ke3 NoRo 3 C ues Dume C &keg
DUMS C Peg €EFRQ C Rey Nef. LAY C Reg tieRa ELON C aee
FFRQ C Resg FIVE C Reg NoKe FL2 ¢ asy HoKe FLUN ¢ Reg
FOUR C Reg Gton C Reg HoRo HEAD C Rep NeRe HUND C <8
IDAY € e 1FUR [ L) Noe 108E C les NeRo ITER [ L
1140 C i 1365 C Ies R MDAY ¢ 1% NoR- NDTP C 1%
NULL C Iss CFST C Reg \oRe OnGE C Keg 000U48 RATE C Reg
REFC C Rep SELV ¢ Rey NeRe SMXE C Reg N.R. SUMD ¢ C Reg
SIME F € Reg STIM C &»a NoHa $xv2 Ree  00UU90 $1P5 C Hey
TENP SF ( Reg TrRE L Re¢8 NoR. 1001 C Key NoR. NAVE ¢ Rey
XLMG F € Res X4DT F ( Re8 000008 x05Q C Reg NeR. 2ERD ¢ Rwg
20sQ C Res 0Cos XF Re8 000000 DSIN XF Re8 000000
essac  CUMMUN INFURMATIUN  seess
NAME OF COMMON BLOCK ® *  SIZE UF 8l0CK 900388 HEXADECIMAL BYTES
VAR, NAME TYPE 2EL. ADDR. VAP, NAME TYPE REL. ADDR. VAR, NAME TvPEL REL. ADDR. VAR, ~AME TYPE REL. ADDR.
w Res neRe XKDT Re3  0000¢* SONE Re8 0Cuol0 SOMD Ry 200018
E R*8 000020 [} Res 000028 COME Re8 000030 (&1} ®e§ 000038
ct RI8 000040 XLMG R*8 000048 oumMl asg NoRe oumM2 Reg NoR.
st Re8 000060 UFST ReY NeRo ouM3 Re8 toKa vuMe Ree N.R.
OUNS Re8 [N oop R*6 Kokte OEK Re8  0V0OCE 0AK Re8 000000
DNK Re8 000008 XMK Re8  0000EO OUM Re8 Nefo xS re8 000108
¥s R*8 000150 2s Re8 000198 313 Re8 AeRo ELAT Re8 NeRo
ELON Res N.Re GEOH Red NeReo HEAD Re8 NoR. RATE ReE NeR.
10AY 1% NeRo HOAY 194 No K. STIM Res Noke DLAY Reg No.R.
OLUN Re8 NoR. SHXE Rey NeR. SELV Re8 NoRe FLAT R®8 N.R.
FLON ReS N.R. FFRQ nes N.R. RSQ Reg Noke N ass NeP .
1 1% N.R. J L NaRo 3 1#4 000300 L 104 N-R.
" 194 N Re N 1e4 NoR. NOUP Ivs NoR. ITER 1% NeRe
A Re8 000318 TENP Re8 000320 EX Res  0uO0328 aK Re8 000330
uK Re8 001338 VK Re8 000340 3 Q88 LOUL3LB Cak Reg 000350
SHK K8 000358 ke Re8 000369 YXP Re8 000368 8K &k®8  ©CO370
cex Re8 000378 SBK Re8 000380
- 145 -




. e STV =4 T T Siitonme b i by o - T ——
* Fay R b s £ Piac e Taat b r oL o A & LT £ [y - LAY~ - S ST LT T
.-
i
- i
t
PALE Ouk i
NAME OF COMMON BLOCK o (CMCe  SIZE Ct BLOCK 000126 HEXAVECIMAL BYTES banel 3
: ]
VAR. NAME TYPE REt. £DPR.  VAR. NAME TYPE KEL. ADDR, VAR, NANE TYPE KtL. AUOR. VAR, MAME TYPE PEL. ADUR. t{c
RJLL (o4 NaRe 10NE les NeReo 1140 [ €23 NeRe IFUR 1o NoRe
1s les NoR, 130 1e4 Ne Ko 1365 186 L HE] 1s4 NoRo
KN 184 NoRe «F iee NoRe TAR Res NoRe wAVE peg NeRe
474 Reg NoRe EFRQ K18 NeRe OMGE Re8  00QUSS XusQ Reg HeRo 3
205Q Res NoR. LERD hon NoRe UNE Rep teRe w0 Rep NeKe E
THRE Reg NoR. FOUR rag HeHe F1vE Reg NeKe ATE e NoHe
TEN Reg NeR. 060 nega HUND Rep [ €480 Re8 NoRe .
s1es aey NoRo 1ort Re 3 DTRA Reg [ pIUM ueg Noke
™ Reg NoR. M4 s b Re8 NoH, ™ [ HoRe J
M8 Reg NeRe CHIR R*3 LKRM Re8 NeKa (#13 Rey AaKe 3
(4] Keg N.#t, HEFC Rt E
SCPTIONS N EFFECTe NAFEs  MATN,CPTR02,L INELNI25¢,S12E = CL0K, 2
*OPTIONS IN EFFECTe SOUPCE of (COLC NULEST ¢ YUDLCA  LUAU o MAP ¢ NUE' I Ty 1O NUXKEF
L
JTATISTICSe SOURCE STATEMENTS = 45 JPRULRAN SIlE = 612
*STATISTICS® ND  DLAGNOSTICS GEINEPATEO
sesree END LF COMPILATIUN seeose 61K HYTES UF CURE ALT LSEL

Sy4h
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LEVFL 18 L SEPT 89 ) US/7360 FurRlRAN H OATE  70.194/18.53.5%
COAPLLER UPTIUNS - havgs  MAINGIPT#0ZLUINEINT=58,SI2E=C000K,
SUUKCE ¢ EBCOTC ¢NOLIST 4. -GUELK o LLAD s MAP o NUED 1T 4 JUoNIRLEF

15 €102 SUBRUUTINE SULVE SGLVE

SuLvE

C-USES SINT whiCh CALLULATES NAVILATUR CUURUINATES AND SLANT RANGE S6 v

C SLLVE

154 003 OUSILE PRECISIUN TAmywAVEoLYCSoEFRI$IVGE ¢ XUSQ,2S0 SULVE

1Sh CO0& DL.BLE PRECISION UNE Ta0y YHRELFIVEJATE L TEN, D604 HUNDC460,+5705 SULVE

1SA 0005 DLUBLE PRECESIUN TUPL,OTRAGD UM, THL (THG THS o TH8,CHTR,CKRM SULVE

1Sk 0006 DOUBLE PRECISION ZERt(FOUReTNT oC2K 020, REFS SULVE

1SH 0007 CUJBLE PRECISIUN V0P XSe¥3elSe ELAT, “LUN,LEUN, STIN,HEAD,RATE SuLve

1SN 2008 OCUELE PRECISIUN DIX [Py X4DTSUME s SUADoE g AU COME (CONDoC 1o XLMG SOLVE

15w €099 DOUBLE PRECISION OUM: (OUM2,51,0FST o DUN3, DUMG, LUNS SULVE

1Sh polo DUUBLE PRECISIUN DLAY DLUNISHAE oSELV4FLAT FLUN,FFRQ.RSQy VN SuLve

1S~ o1t COUBLE PRECISIUN T ,TEMP,A SULVE

S8 o012 DOUBLE PRECISIUN Co Bll,eb12,810,822,820 SuLve

fSh 0013 OOUBLE PRECISION $052,53 30LVE

154 2014 OOUBLE PPECISIUN XLAT,¥LUNs XFKQ SGLVE

1SN 0015 OOUBLE PRECISIUN DET SULVE

[ SULVF

C-==DIMENSICN SOLVE

1S4 0018 DIMENSIGN Al3,4) SuLVE

1SN 0017 DIKENSEON DOP{81¢XS19)oYS19342S41234DLATIS) +OLONIS) SuLVE

1Sh 0016 OIMENSIGN (4} SOLvE

C SULVE

C-=-CGMMCN SulVE

1SN 0019 COMMON TP XKOT 4 SUME 9 SUMD ¢ E ¢ 4Uy COME M UMD, C 14 XLM¥G SULVE

15N 0020 CUMMON DUM. DUM2 451 ,0FST ,UUN2, DUNG s DINS o DOP SULVE

1SN 0021 CUMMUN Bll, .129822481048204 XLAT XLUN, #FR, SULVE

1SN 0022 CUMMOM XSpY¥SeZSeNTKy ELAT (£LON, GEURy HEAD o RATEy DAY L 4DAY, ST IM SOLVE

1SN 0023 COMMON OLAY,DLON SHXE ¢ SELVoFLAT (FLONGFFRILRSQVN SULVE

1SN 0024 COMPMON 14J9KoLoMaN-NDOP, ITER SOLVE

ISN 0025 CO* UN T L TEMP,A SOLVE

1SN 002& COMMON C SULVE

[ SULVE

1Sn 0027 COMRON /COMC/NULL ¢ IONE oI THO9 1FOR 1152130413650 IM,5M,KF SULVE

ISN 0028 COMMON /CO™C/TAWMAVE CVCGoEFRQoUMGE 9 XD5Q,205Q4 2ERD 30LVE

1SN 0029 COKMON /COMC/ONE s THO e SHRE ¢FOUR, FIVE+ATE , TEN, D604 HUND SOLVE

15 0030 COMMIN /COM/C4B809STPS5.TIPIDTRA,DIUM SULVE

ISN 0032 COMMO® FCCMC/THE, T4y TAS, THT, THB,CMTR LM C2K . L2H REFC SOLVE

c SCLVE

. 1SN 0032 FQUIVALENCE (BlEeS),(BL2952)¢(B22+53),(TEMP,DET) SULVE

. [4 SOLVE

g 1SN 0033 D0 9 1TERal,410 SCLVE

3 C--=IHITIALIZE SULVE

L 1SN 0034 D0 1 I=1¢3 SULVE

5 138 0035 DO 1 Jmlen SOLVE

3 1SN 0036 1 At1,J9=2ERD SULVE

158 0037 SMXE=ZERD SULVE

ISN 0038 RSQ=2ERO SOLVE

150029 MOOP=NGLL Sulvg

1SN 0040 K= {ONE SOLVE

3 C-==FORM THE A MATRIK SOLVE

'Y 1SN 0041 CALL SuNT SOLVE

3 ISN 0U42 CU1YaKAVESTAN SULVE

L I

§ PAGE 002

é 15t 0043 00 & N=l,In SULVE

> 1SN 0044 €e2:-52 SOLVE

¢ ISN 0045 CL3)=53 SULvVE

A ISR 0946 Cle)ssS SGLVE

1SN 0047 KeNeOKE SCLVE

1SN 006N CALL SLNT SULVE

3 15K G049 Ct23=52-C123 SOLVE

3 1S% 0050 C13)e53-C4Y) SOLVE

1 1SN 005 Cl41aS5=C14) SOLVE

1SN 0052 IF (DOPUNII 4e4.2 SLLVE

1% 0053 2 NOUPsNDCPe«IONE SULVE

1SN 0054 CLe)anAVESDOPINI-CL1 }*FFRQ-C L4} SGL\E

1SN 0955 RSQ=RSQeCL&I*C (LY SOLVE

4 1SN D056 00 3 I=1,3 SOLVE

bt ESN 0057 00 3 Jsl,% SULVE

y IS8 00S8 3 ALY JInATL 3000 LT 000 LS} SOLVE

3 1SN 0059 & CONTIWUE ° SULVE

; C---SOLYE A MATRIX FGR DELTA LAT,LUN,FREQ BY ELIMINATING FREQUENCY SOLVE

3 1$% 2060 OET=AL1,2)/401,1) SULVE

1SN 0061 Bl1sA(2,20-p11,2)9DET SOLVE

IS¢ 0062 B12sA(243)-A11,3)8DET N SULVE

1SN 0063 Bl0sA(2+4)-A(1,4)%0ET SO0LVE

1.0 0066 DET=A(1,4337A(1,1) SOLVE

93 ISM GD&S B2L3A1343)-A01,43390ET SOLVE

1 - 1SN 0066 62022 1346)-Al1: %) *DET SULVE

3 1SN 0U6T DET=B11e822-5128812 SOLVE

1SN 0068 XLAT»(B822¢810-81203203/0€T SOLVE

= 1SN 0069 XLON={B119820-312*810)/0ET SOLVE

§ 1SN 0070 XFRO=C A(144)~AL392)0XLAT-ALL43)9XLUNMALY,1S SOLVE

C---UPDATE NEW ESTIMATE SOLVE

TSN Q071 FLAT=FLATeXLAT SOLVE

. 1SN 0072 FLON=FLONSXLOY SOLVE

ISN 0073 FFRO=FFRQeXFRQ SOLVE

< C~--CONVERGENCE CRITERIA = 0004 KM AND 2.5 CP% SOLVE

: 1SN 0074 D2P4s2,4D+0 SOLVE

1SN Q0TS DEY=IVCG/DCOSIFLAT) SOLVE

ISN G076 1F (DABSIXLATI-CICG) Te7,9 SOLVE

i% 0077 7 IF (DABS(FLONI-DET) 8,8,9 SOLVE

ISK% 00718 8 IF (DABSIXFRQI-D2P%) 10,10,9 soLvl

15Sn 00Y9 9 CONTINUE SOLVE

1SN 0080 10 RETURK SCLVE

1SN 0081 ENC L0t VE
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¥
/ SULVE 7 SIZE OF PRUGRAM yULeTb HEXADECIMAL BYTES ¢2GH 03 g
NAME 146 TYPE  ALD. NAu4E TAG TYPr ADD. NAME 146 TYPL  ALU. hAME 146 2
& SF { Reg (2328 i SH { Red yuo3ae € C Res Veka 1 ¢ C
F R C les 0002¢C .S L ls& Q00300 L C leo NoKa » [ L} Neba z
N SF ¢ 1s& 00030C S F£ (t HKep 0002C8 1 C keg NoRe A3 C FRegp Nete 3
l { weg Nok. 1" f C 16 00001C KF C s NeReo K4 C 1es Moka 'é
S1 C keg Ne?a $* F {E Re8 00000 $3 F C(F Re3 004008 TP C feg tiaKe 2 2
VN C FReg Na?.o XS C Reg NeReo ¥S C ey N.R. 143 C pPen NoR. I
ATE C Reg Hela ¢}0 SF C Rey Q0CItO 811 SF CE Regs COLOC3 812 S+ CE Rer (UQuUOlL ;
B20 SF C Red 0000€8 #22 SF Lt Rey 000908 L2k € rég Koo l2w C Reg hefo - 2
OF1 SF LE Reg 000320 oo f C Reg Qpu)d88 243 C Rey NeKe 560 C Rvg NeRe 3
Ins C 1l NoRa 130 C 1lee Nae ONE € Res teke RSC SF € Re&  0002(5 2
Taw ¢ C FRe3 0LO0O28 TEN C Rey N.R, ™1 C keg N.R. T84 L keg KeRe %
=5 C Rey N.R. ™1 C Rep NeRe ™8 € key LeRa T ¢ Reg NeKe 5
CKRM C Reg o Re (TR ¢ Keg CoM0 C Rey NoRo [V E 1 +8 haRe ;—'
VLG F C Re#8 000038 €480 C Reg VLAY C Rey N.R. oL [N ] NaC. kS
oTOM C  keg NePo DTxA € Reg DuMl C Res LT nuM2 L ks habe é
oumMl C Rey N.Rao DuUMe £ ey DUMS L Rvy o, S2pP6 S ven  Tawvdn 3
EF7Q C ueg Moo ELAT L Reg ELUN C Keg ek tErS Se L kes u52Eu é
FIVE C kep MeRa FLAT SFA C Res 000200 FLUN SF L wea JYS206 FOJR L eeg neRa %
GECH C ke N.R. HEAD C Reg NeR. HIND L AeY N.R. 1oAY [ £ 1) N.R. 3
[ I C lsg NeFo 1onNE  F C 1e4 0U0004 1TER SF {  lea QUG314 1Tud C e NoRo i
1365 C lse N.R. MDAY [ § ) Nela NoOP 5P C 1*% wRO210 NeLL F € Jes 200000 1
QFSY C Rep N.R, oMGE C Reg NoRo RATE ¢ Reo Mok, REFC € ey NoR. E]
SELV C Reg NeRo SULNT SF xF  R®4 000020 SMAE S C Reg  OOV2CO >0MD C Reg N.R. %
SOME C Res N.Ro STImM C R®p Nt sTPS { Reg H.Re TENP CE Reg 03C320 :
THRE C Reg NeP. T3P1 L Reg NeKao aAvE F t ®'t J0U03 XFRQ SFA C Re¢8 000100
XLAT SFA C Hea Q000f0 XLMG L Ks3 Ne?. XLON SFA ¥ 7es  0GLDJEB XNDT { Peg N.R.
x0sQ C peg N.R. LERQD F L Rez 000060 lose < .3 “.Ra SOLVE Ree  20006C
6Cos Xf Re*8 000000 i
2 esess  (UMHON INFORMATION seven 3
3 NAME OF COMMON 8LOIK o *  SIZE OF BLOCK  0003A8 HEXADEC IMAL BYTES é
VAR, \AME TYPE REL ADD®, VAR. NAME TvPt REL. ADD*. VAR, NAML TYPE Rié, ACOK. VAR, NAMF IYPL Ri1. ADDP. 3
1° Ren NaPRo XNDY Reg KeRe SO¥E Reg Mok SOMD ey Ne.Ro -
%l € Reg NeRa a0 Reg NeRo COME [es N.R, Tury ey NePo N
1) ReB NeRe XLMG Reg NeRe ouml seg Nk OuAZ keg NP, M
S Reg N.R.o OFST (443 N.R. oyuM3 Rsg N Ouyrg Reg MR ‘1
DUMS Re8 N.R. ooP Kep 030088 811 Reg 0000C8 b12 R*Y 000000 2
822 Reg coeoD9 B10 L£2 0000E0 820 feg 0000EL XLAT Reg 0000FC 1
X XLON Re3 0000+ 8 XFKQ Rey 400100 XS Reg Na 2o s Reg N.R. *
¢ 2s Peg N.R. 1213 Reg NeRe kAT Rés NeR. ELON Re*8 Ne.R. -
GEOH Reg N.R. HEAD Re8 NeRe RATE Rs8 NeRo 10AY %6 R.Ro §
MDAY HLL) N.R. STin ReB N.R. DLAY R#*3 NeRo JLON R*§ N.R. 3
SHXE Res o002C0 SELV Reg N.R. FLAY Res 000200 FLON ReS ooo02C8
FFRO Regs 0U02ED RSQ Reg 0002F8 VN Res Ne.R. 1 104 J002F8 E:
4 104 0002FL X 1se 0003.0 L ie4 N<.R. L] 194 NoR.
. 1es  00030C X0J? 184 GOG310 iTER Teh  00031e T Ré NRT p
TENP Ren 000320 a fe8 00032¢ [4 Reg 000388 K
EQUIVALENCED VARIABLES WITHIN THIS CUMMON 6LICK k2
VARIABLE OFFSET VARIABLE OFFSFT VARTABLE OFFSET VARJABLE OFFSET =
S 0000C8 s2 000000 53 000008 DET 000320 P
kR
PAGE 004 3
4
NAME OF COMKCN BLOCK = (COMCe SIZE OF BLOCK 000128 HEXADECIMAL 2YTES I 5
VAR. %A%t TYPE REL. ADDR. VAhe. NAME TYFE REL. ADDR. VAS, NAME TYPE REL. ADDR. VAR. NA%E TYPE REL. ADOR.
NULL 184 000300 10%€E 184 000004 17Tu0 1s4 N.R. 1FOR 14 oRe 3
s 184 N.R. 130 104 NeReo 1365 184 NaRo AL ] 1%4 00001C 2
X" 1% N.R. KF 124 NeR. TAW Reg 0.0028 wAVC Re8 000030 b
(4744 A8 050038 EFRQ Reg NeR. OMGE Reg NeRo x0sQ Ren N.R. %
205Q Res NeRe 1ERD Reg 000063 ONE Re8 N.R. 40 Reg N.R. E
THPE Res N.R, FO'R Reg N.R. FIVE Reg N.R. ATE 1] Ho.R. 4§
TEN Reg NeR. 060 Reg N.R. HUND Reg Koke C480 Re8 N.R. 3
S1PS Reg N.R. T0PY Reg No.R. OTRA Reg MR . o1or Reg N.R. 3
™1 /ey N.R. NG Re8 NeR. ™s Reg NaoPa THéT Ref NeR. « N
™8 Res N.3. CHIR Reg NeRe CKRW Rep NeR. cex aed hePo 3
c2n Re*8 N.%. REFC Reg N.Re 2
3
b4
~ 148 - 3
3 :
3 H

s

ATy

LMt

S e




RN

4 o & g L alo™ $ "
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o Eow el A e ey ey fee e

Ty BN

T AR O TR I T MR TV PR R IT P TOP RN T

Lot e o s by N et

fhend  dewy  WoNg  WEER W

e

L)

f g T T T S R T P

LASEL ADDR LABEL “00R LABEL ADUT L ABEL AOOR PAGE 005
1 00016¢ 2 000242 3 000242 4 0nd2CC
T 000426 0 00063« 9 000442 L0 000454
SOPTINNS IN EFFECTS NAMES> MAIN,OPFa02,LINECKT223,SILE20000K,
SOPTIONS IN EFFSCYS SOURCE+EBCOICINOLIST (AL (S yLOADMAP G NOED IT o LD o NUXREF
SSTATISTICSe SOURCE STATEMERTS = 90 +PROGRAM SEZE = 1144

OSTATISTICSSs NO  DIAGNOSTILS GINEWATID
864000 EHD OF CUMPILATION esssves S$3IK BYTES OF (ORE NUT USED
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o

T

FHr”

PR T N

LEVEL 1A ( SEPT 69

150
15N
15K
1SN
154
TSN
15y
1St
15
15
(21
158
1Sh

15%
158

iSh
158
1SN
iSN
158
1K
1%
1SN

1SN
14N
isSN
Isn
1N

isn

15%
1SN
1SN
158
1SN
158
15N
35N
IS\
1SN
131

Q0v2

0093
0004
uo0s
CJ0s6
c007
0008
0009
2010
octy
€012
o713
0ol4
Jc1s

2016
0017

3018
0019
0020
0021
Q022
0023
2024
0025

0026
o027
0228
0029
0039

0031

0032
0033
0034
0035
0036
0037
0038
0039
0040
0041

C042

0043
0044
0CeS
J046
Q047
0048

0049
0050
0051
8052
0653
0054
0035

0056
0057
2058
0059
uo6o

Eaghn- 0

w7300 FULKIRAN K

COMPILER CPTIONS = Nasts Al p0F1802,LINCCNT858,512E8JU00%,

C
C=~-CUMPUTE SLANT KANGE A%  DEIRIVATIVES Fuk PUINT R AND ELEVATIUN
C

C

SUUHCE +E8 0T, NOLEST ¢ NUDECK o LOAD y MAP o NOED 1T LU NUXREF

SUBROLTINE SLNT

OCUBLE PRECISELN TAmeaAVE LY Cuy EFRI9GMGLE ¢ XUSC, 050

DDUBLE PRECISIUN CNE o ThO TARE s FIVE ¢ATE o TEN, D6V, HIND,CoBG,STP%
UtALE PRECISIUN TOPT OTRAGUT Mo THE, TM4, THS, T8, CATR,IKKM

GUMELE PRECISIUN [LRUGFOUR G THT (2« (2R REFC

U a7 PRECISION OUPoXS,¥SelSsELAT S ELUNGGEDN, STIMINEAVRATE
O UpLE PRECISIUN OTne TP XNDI,S IME s SUNY £ AS o SUME o COMDLCT o ALYG

DLUMLE PPECLSTON BumY 3022451, UTST ,0UM3,DIMG DUNS

CUMILE PRECISIUN OLATOLUL N ( SR o SELVeFLAT oF LUNLFFRI,RSUGVN

DLUbLE PRECISION T TEMP

OLUBLE PRECISIUN A

COUBLE PRECISION XNoYNgZNoAN2oYN20IN24X,Y o2
OLudLE PRECISIUN CLAT,SLAT SLLNsLLUNeLLC
UCUBLE PRECISLUN $,52,53

Co==GIMENSICNS

C

DIMENSION CUPL8) ¢ X509} YS9 458210 ¢t AT(9),DLULLS)
DIMENSION AL 3,44)0,0(40

C===CUMNON

C
C
[

COMMOY TP, XNOT o SUMEs SUML o £y AUSLIML 4 LMD C 14 XLHG
CONMIN DUML o DUM2,51,0FST 4y 0LM3, DURE s UURS, UOP
COMMON CLAT,SLAT(SEONsCLO pueXNo Yy IN

COMMCR XS Y59 2S40TKy ELAT o ELUN, GEOHs HEAD, RATE o [DAY 4 HDAY 4 STIM

COMMON DLAYoDLUNGSXXE o SELVFLAT FLUNGFFRQeRSGo VN
COMMON ToJeKel oMeNoNDUP, ITER

CONMUN T, TEMP,A

CONRON CoXa¥ o2 o XN2,YN242N2

COMY 3i /COMC/NULL e JONE o 1TmUs LFUN G 115 1304 1365, IMend KF
COMMOP 7CUML 7 TAM o mAVE JCVCG o LFRUSUMGE ¢ X05Qe LU5Q4 2ERD
COMML JCCMC/DME o TaDo THRE ) FOUR o F LVE ¢ ATE o TEN oD 600 HULD
CURKON /15 40704804STPS,TUPL,OTKA,OTOM

CONMGY JCUMLATML g THG o THS ( THT o THB ( HTR ¢ CKAMoC2K o C2M, REFC

LRUIVALERCE (CLAT.S) 2 21,920 o (L UNeS3 )

—e N2 IGATERS (DORDINATES AND CtaIvalivesS

TE“N O 200LATIKY
CLaTnCLCieTEND)

SL& s ISINITERDY
TEWPAFLOMD M) SO AY
CLYwL (OB L. ERP)

ARG DLINCTL )

D 2FQSCe0: AT4CLAY 2 2DYQOSLATSSLAT
Qe 6LeTID?

TERE a3 GEON

X\ €0 JLAY
YhezueSLLY

XNsxNSCLON

IK=< ZOSQA/D»SEQHI @S AT
XND s-TEMPeSLAT
YNzsLN24SLON
XN2aXN2OCLON
INZTEMP=CLAT

C~-~SLANT NANGE AND DERIVATIVES

XaXS{K}=~nN

Y=yS{KI~YN

ZagStK)~2Zn

S2eXéxeveveley
SapSQRTLS2)
S2e-IXEXN2SVEYN24202% 1 /5
S3a(XSYN-YEXNY /S

C~=-COMPUTE SINCILEV) AND SAVE MAXINUM

SELVE (XSXNeYOYNGIOZK)/ "S*D}
IF (SELV-SUXE)} 24241)

1 SMXEsSEIV
2 RETURN

END
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SUNT
UNT
I 4
SLNTY
SLNT
SN
SUNT
SLNT
SUNT
SUNT
SLNMI
SLnT
PIRE §
SUnT
SUNT
SLNT
SLNT
SLNT
SLAT
SUnT
SLAT
P 4
SLNT
SLNT
SLNT
St
SLhY
SLAT
SLNT
SUNT
Siki
SLNT
SUNT
SLNTY
SUNT
SLNT
SULAT
SLNT
SUNT
SLaY
SLNT
SUNT
SUNT
St
SUNT
SUNT
SENY
SUNTY
SLAT
SLNT
SULNTY
Sty
SLNT

SLNT
SLnT
SLNT
SLNTY
SLNT
SLNT
SLNT
SLNT
StnT
SLNT
SUNT
SLNY
SLNT
SLAT
SLNT
SLNT
SURY
SLNT
SLMnT
SLNT

vaie

TJelVE/LBe9%. 2>
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ewor

(Urs e aLbades o

(\xAgu 2o 20 20 )

-
.
W
3 ’ SLNT /7 S12E OF PROGRAM 0002EE HEXADECIMAL BYTES PAGE 003
{ NANE TAG TYPE ADD. NAME TAG TYPE  ADD. NAME TAG TYPE ADO. NAME TAG TYPE APC,
A C Reg NoR, c C Reg NeR. D SFA C Re8 0000E8 € C Reg NeR,
4 C les NeRo 3 C 1 N.R, K F C le4 000300 L L les NeRo
. [ { 1 N Ry N C 1% HoR, S SF CE Re8 0000Ca Y C Res N.R,
X SF € Ree 000348 Y 5F C Res Q00360 1 SF C Kes 000388 AQ C Reg NeR,
1 C fra N. ke In L. {79 NeRo KF C les NoRo KM C 1es Ne R,
St C Rsg N.R, S2 SFA LE Re8 000000 $3 s CE Re8 000008 I C Reg NoR.
] C Res R, XN SF  C Reg 0000FQ XS F C Re§ (00108 YN SF  C Res 0000F8
YS F ( A8 000)70 IN SF ¢ Res 000100 IS F € Res 000192 ATE C Res N.R,
4 C2x C 8 N.R. C2m C Reg N.R, DoP € Reg NoRo oIk C Res N.R,
3 D60 £ Rep N.FPo 115 [ L 1% N.R, {30 C les N.R, UNE L Res NeR,
: /SQ C Rep [N TAN C Reg NoR. TEN C Reg N.R. ™] C ke N.R.
: THe C Reg NoWy ™S C Reg Nodt, ™y € Res NoR. L£.T] C Reg NoR,
3 ™0 C Reg HoRe KN2 SF C Reg 0003CO YN2 SF £ Reg 0003C8 IN2 SF C keg 000300
¥ CKRN C Repg NoRo CLAY SFCE &g 0000CS CLON SF € Re8 0000ED [£113 C Reg NeR.
3 Cconp C Rsp NeRo Cang C Reg NoR, (4741 C Keg NoR. €480 C Reg NoR.
4 OLAT F € Res 200230 OLON F € Rep 00p278 070% € key NoR. CTRA C Res NoR,
3 ouny C ieg NoR. oumM2 C Reg NeRy DUM3 [T NoR, DuMe € Reg No R,
3 DUNS C ke NoRo EFRQ C Rreg NeR, ELAY C Hey NoK, ELON C neg N.R.
" FFRQ C sp NeRo FIVE € Rey NoRe FLAT F C Re3 (0200 FLON F C Re8 000208
] FOUR Reg KoRa GEOM £ € Res 00208 HEAD C Regy NeR, HUND C Res N.R,
IDAY L 1es NoR. 1FOR C 1% NeR, IONE C %4 N.R. ITER C I NeR,
{Tug [ £ ) N.R, 1365 C 1% NeR. MDAY [ L 74 NoR. NDUP C 1% NeR,
NULL [ L 11 N.R. OF ST C neg N.Ro GMOE C Reg N.R. RATE C Reg NoRo
REFC C Reg NoRe SELV SF C R’eg 0002CH SLAT SF CE ks 000000 SUNT Re4 000094
SLON SF CE Re8 000008 SMXE S L Reg 0002¢c0 SOMD € keg N.R. SOME C Reg NeR,
STin C nsp NoR. £ 3203 C Reg MoKy TEMP SFA € Reg (00320 THRE C feg NoR,
4 0P} C Reg No Ry WAVE C uep NaR. XLMG C Reg N.R, XNDY C Reg HeRo
i 3 X0S5Q F C Res 000050 ZERD £ Reg KR, 105Q F C Reg 00VLOSB DSQRT AF  ke*8 000000
3 ; OSIN F Res 000000 0C0s XF R®3 000000
3 $e06e  LUMMUN INFORMATION sesse
NAME OF COMMON 8LOCK o * SIZE UF BLOCK 000308 HEXADECIMAL BYTES
VAR. NAME TYPE REL. ADDR.  VAR. NANE IrPE REL. ADUR.  VAR. NAME TYPE REL. ADUK. VAR, Namg TYPL REL. ADDR.
™ Re4 NeR. XNOT LT Nok. SCME Reg Noko 50M0 reg N.R.
E Reg NeR, b Reg Nelt, COME Reg HoR. Cumny key N.R.
& ct Reg NoR, xLns Reg N.R, UM} Reg Aok our2 (X1 NoR,
3 2 s1 Reg N.R, UF ST Reg Nok, oUM3 Red N.K. ours  Res MR,
3 3 ouMS Reg NoR, 00P Reg Noko CLAY R=8  gococe SLAT He§ 000000
3 £ SLON R®2 000008 cLoN R®3 00000 [ R%8  0Q0OCES8 XN Re8  0000FO0
= YN 2¢2  QO0OFS N R*y 000100 xS Re8  00CL08 ¥s «®8 000150
3 : 143 Re8 000192 oIx Reg NeR. ELAY Re3 NeRa ELUN foy N.R,
. GEOH R*8 000208 HEAD Reg NoR. RATE Reg NoKo 10AY 104 N.R.
3 MDAY 184 N.R, STIN Reg AR CLAT Res Q00230 eLeN Pel 000278
A SMXE Re8  0002C0 SELV Keg  0002¢8 FLAT Re8 030200 FLON PeE 000208
k. 4 FFRQ Reg NoRo RSQ Reg No R, 7] Re§ NoR. 1 194 NoK.
3 3 1%4 NeR, [3 1*4  agu3oc L 194 Noke “ 194 N.R.
- : N 194 NoR, NDOP 134 HePy 1T€R 194 laR. v Reg N.R,
3 TEnP Re*8 000320 A Reg NoR. 4 Reg Noko x R%*3  0003A8
- Y Re8 000380 2 K*8 000388 N2 REE 0003CO N2 P8 £003Ca
: N2 Rsg 000300 - 151 -
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PAGE 004

EQULVALENCED VARIABLES WITwlt THIS CUMMUN BLOCK
VARLABLE CQFFSET VARTABLE CFFSET VAR{ABLE OFFSET
S 20%0C8 2 000000 s3 000000

VARIABLE OFFSET

NAME OF COYMON dLOCKR ¢ C1M(s $12¢ OF BLUCK Q00128 HEXADEC IMAL BYTES

VAR, NAMF TPt REL. ADOR, VAR. NAME TvYPr RttL. ADDR. VAR. ANAME TYPE REL. ADDR. VAR, NAME TYPE REL. ADDR,

NuLL 1e4 NeRo 10%E 104 N.R, 1Tul les NeR. 1FOR 184 N.R.o
115 124 Ao R. 130 1% NeR. 1365 1e4 in 1es N.R,
LY} 1es LT Y KF 194 NeR, Taw Reg WAVE R®8 Ne.R.
{ves 4ep No Ko EFRY R*3 NeR. O%GE Re§ x0sQ Res 000050
2389 [eR 000058 ZERU Red N.R, UNE Reg %0 Re8 N.R,
THRE 2eR NeRo FUuR Rag Ne Ko FIVE Re8 ATE Reg NeRo
TEN Rea NoF. C60 Re*g Nekg HUND Reg C480 Reg NeR,
$TIPS ragy NePo 1008 Reg Neha DTRA Re8 DIGN Re*8 NeRo
™1 Qen eR. TYe Red N.R, ™s Re8 MY RsY Ne.R.
Tug [k LT CHIR Re3 NeRo (L] Re§ c2x Reg8 N.R.
c2m Ren Neko REFC Reg Nohe
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Radiid 4

TRIREE:

vl e W8 W BN o

k-
3
3
é
3 d
2
F g
4
3 4
. 3
§ 3
X A
3 4
3 2
3
3
> 3
4
X f
2 3
3 3
4
r s
4
3
. 4
s :
3 K
>
;. 3
3
3
3 e
-
¢ 3
e
3
3 -
&
E, >,
§.
s
4
3
3
X
3 3
2
3
3
A
e X
b
4
4
3 ~
- 24
: 4
<
3 <
3 2]
7
3 3
X
3 3
3 5
. -
g 2
Y
A
o
4 q
3 ~
} E
s 3

” A IW R L A LA AR . nl A

Lo S I

R N - I o T o T =Rt R W

LAREL 400 LasfL asca Ladte ALor LaveL AUUK
1 000272 2 0u02CA
¢0PTIONS IN EFFECTs CAME=  MAINGUPT»02,LEINECNT s 50,51 2030I00K,
SOPTIONS I8 EFFECT e SUURCE o EBLOIC oML EST ¢ HUDECK sLUAD (HAP ¢ NUECT Ty 10, XLKKEF
*STATISTICSS SOURCE ™. “4EN'S 359 PROGKAM SEIE = 150

®STATISTICS® NO OIAGH..¢ICS GENESATED

eseese END OF CUMPILAYION sewsen 61r rYYES UF CORE NUT USED
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ol air s o g

W CrTe

Cadubndd

Wi

Eaas

piead

o

h s
R s

R R S i ek i T f e

| il e et A e bt bR S i )

LEVEL

1SN

ISK
1SN
1SN
1SN
ISN

1333
1SN
1Sh
1SN

1SN

1SN\
sy
1SN
15K
1SN
1SN
iSN

1SN
158
15K
1SN
1Sh

1SN
1SN
ISh
1SN
1SN
1SN

ISN
1SN
1SN
1SN
1SN
1SN
1SN
1SN
ISK
15N
IsN
1SN

158
1<n
1SN
1SN

18 ¢ SEPT &9 ) 037300 FORTRAR n
COMPLILER OPTIONS - NAMEs MALN,GPTs02,LINECNE358,S12E=0CO0K,
SOURCE 4EBEDIC o NOLISToNUDECK LUAD ¢ MAP 4NOEOIT o 10, ROXKEF
0002 SUBROUT INE EOIT
<
C~USES SLAT
C~--THROW OUT DOPPLERS UELOwW 7.5 DEL AS LUVL AS & OUPPLER REMALN
[4
0003 OOUBLE PRICISION TAkoWAYE ¢CVESoEFRQeLMGF ¢ X05Q,20$Q
0004 OOUBLE PPECISION UNEsTHO TMKEFLIVFoATE, fENy D60 HUNDCLBI4STPS
8005 O0UBLE PRECISIUN TJUPI,DTRAZOTUH,THL 2THSG, THSTMB,CRTR,CKRK
006 DUUBLE PRECISION 2EROLFOUR,THT,C2K oL 2MsREFC
0007 OOUBLE PRECISION DUPSREFeXSoYSo2SeELAT JELONGGEDH, STIMaHEAL JRATE
0008 DUUBLE PRECISIUN DTKoTP ¢XNDT 4 SOME ¢ SUMLE ¢ ADo COME 2 COMO,C 1o XLMS
0009 DOUBLE PRECISTON OUMLLDUM2,51,0FST0UM3,DUR%S,DUMS
0010 UOUBLE PRECISTOUN DLAToCLUN) SHKEySELYFLAT +TLONSFFRQ,RSUWVN
0011 OCUBLE PRECISICN T,TENP
0012 DOuAtL ¢ PRECISION EE,EB
[+
C=~=DINENSIONS
0012 DEIMENSL1ON DOPIBI REF(BIoXS{IYSITI4251111,0LAT(9),0LIN(D)
C
C---COMMON
0014 COMMON TPy XPOT o SOMES SOMD) €9 AD» COME o LURD C 1o XLMG
co1s COMMON OUML4DUM2,S1 2UFST CLiM3, DUMA , DUNS ,00P
0016 COMNCN REF
coirr COMMON XS eYSs25¢0TKyELAToELUN “EUH HE A Do RATE IDAY o MOAY ST N
0018 CUMMIN OLAT,OLON¢ SHXE ¢ SELVoFLAT JFLUN,FFRQeRSQy 'k
0019 COMMON 14y Kol oMo NeNDGP, LTER
€020 COMMUN T,TEMP,EE,E8
C
0023 COMMON /COMU/NULL o IONE o ITuCe JFUR 115,1304 1365, 1M KM ,KF
0022 COMMON /COMC/TAWoHAVE (LVCGy EFRQ, UNGE 4 XI55 2050 LERD
0023 CCHMON /COMC/ONE ¢ TH0 o THRE 2 FUUR o F IVF JATE o TEN D60 4 HUND
0024 CUMMON /COMC/C4B0,57P5,TOPL,DTRA,UION
oves COVMON /CUMC/TAL THG THS s TM7 o TH sCHTRyCARMG L2K 4 C2M REFC
C
0026 Is104E
0027 P28
0028 1 IF {(NDOP-IFOR)I11,11,2
0029 2 k=1
Q03¢ CALL SLWY
001 EB=SELY
0032 Kxy
2033 CALL SLNT
0034 EE=SELY
0035 IF LEE-STPS) 44,5
0016 4 IF (EE~EB) T,7,5
0037 5 1F (EB=STP5) 6,6,11
0038 6 Lal
0039 1:1+10NE
0040 GO 1O 8
0041 7 L=J-10NE
0042 =t
0043 8 IF (DOP{L)) 9,10,%
0044 9 O0PILY=2EPD
0045 RDQP=NDGP-LONE
0048 10 GG TO L
J047 11 RETURM
G048 EnO
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M = e R g it e

EDLY
(3204
£o171
(31104
ELIT
€217
1323
ECIT
et
EDLY
EDIY
(1281
EDIT

ELtT
01T
017
(138}
EDIT
(3118
01T
ED1T
EDIT
01T
(3334
01T
(3204

tLIT
€017
£017
tolr

PAGE 002




AN i il e

TEOFP TN (IR

i 1oaed

W

KARE OF CON~UN.BLOCP

VAL, KAME
Te

NAME OF COMMON BLCCK

VAR, XAME
NULL

1ns

-

Lveo

10sQ
THRE
TENn
sTPS
™1
THg
cen

% TYPF  app,
T Kep “eKe
C 1%6 00C304
C asg Ko¥o
C e LN'H
C rReg MR,
C Reg hoP,
C pey 000083
¢ 106 Natte
< a8 Aow,
C weg Nk,
¢ ver N3,
L oep bR,
T asp NoP.
¢ e hoRe
C rep NoR,
¢ Rrey L
C ass NoR,
L I1*% 0)300CC
C e N. R,
C Rep NeR,
C Res 0002¢8
C nep He R,
C pep Nom,
C Reg NoRo

T7PE
(1]
Reg
Res
asy
A8
Reg
Reg
104
Re8
Reg
1%4
194
Rey

TYpg
1e4
%4
104
Rea

Reg
Red
Reg
aes
Kvg
Re8
Rep

REL. ADDR.

N.R,
NoR.
N.R,
NeRo
N.R,
AR,
K.R,
K.R,
AP
h.R,
0002F8
N.R,
N.Re

REL. ADDR.

N.R,
N.F,
006020
NeR,

N.Ro
N.F.
N.Ro
000088
N Ra
N.Ro
K. R,

3
=
*
=
&

nIn
OWE
T
Te?
(11
480
LTPA
Dums
LAY
FLAT
HEED
1UNE  F
MOAY
OMGE
SLNY
STim
et
X0y

w
Ed

ss0ne

x
R o o N N I R PR

Com

L4 SIZE UF bLUCK

VAR, NAME
P g

AD

XLnG

TYes
Reg
Rey
Heg
ey
Koy
usg
Reg
1%
g
Reg
12
184
Reg

CONC®  SIZE OF BLOCK

VAR, NAME
10KE
130

XF
EFRQ

2ERD
FOUR

ToP1

™he
[£.3¢3
REFC

tYPF
184
I%e
124
Reg

Rog
Reg
’eg
Reg
Reg
Reg
Rap

/ €211 ¢ S1ZE OF PRUGRAM G092 NEXAVECIRAL BYTES PAGLE 003
1YPE  ALD. NAME TAL  TYPE  ADD. NaMt 140 TYPE ADD.
1%«  Q002F8 J SF C l%¢ 0002FC < S C 1%¢ 000300
184 N.R. N C fes Nobo T C Rep NoR,
feg h.R, €8 5 C key (00330 Et S C Reg 400328
leg NeR, KM F C Is4 (00020 St C Reg N.R.
g N R, P19 ¢ &g Mol ¥s C Reg NoRo
Rey Mok, P43 C Feg MoRe (22 ] r peg NoRo
Rag N2, De0 C  key foKe 115 C 1% NoRo
Reg Nale REF C keg NoR. RSQ C neg N.R
Regy [N T ¢ Kep Nok. ™ € Rey NeRo
Rey LYY 9 LL 1) C ney NoKa T« € Reg N.Ro
Reg hoR, Lo n C kep Noero CunE C Reg N.R.
Rey MR, OLA" [y NeRa OLUN C Aeg N.Re
neg Moo vunl C keg HoRe Lvune C Reg N.R.
Reg LU LJuS C &g NeRe £017Y k*& CO0078
Koy Moy JLON C Hep NoR. FFRG C Reg NoR.
Rey Nty FLON C nrey Neke FOUR € Reg Nolte
Reg N.R. HUND ¢ keg No#a 104y C 1% hoRe
I*% 000004 IR133 € feq ‘1o Re 1Tug C 1% N.Re
1s4 NoK. NDOP SH ¢ js¢  0UU3J0 NULL T 1% Mo Re
Rey NoRa RATE C keg tiaKe HEFC C Reg NoR.
Ree 000000 SHXE C Rey ReRo Sond C Reg NoRa
heg Nokao 708 € Kes 000088 TE4P { Res N.R.
Rep NoR. aBVE [T NoR. XLnG C Res N.R.
Rep LA™ 2ERD F € kes GUDOGO 2089 C reg NeRo
HON INFURMATION sbnse
000338 HEXADECIMAL BYTES
REL. ADDR, VAR. NAME  TYPE KEL. ADDAH. VAR. NAME TYPE REL., ADOR.
Nak, SOME Reg NaR, PV Rey
N.R, CauE Rsg NeRo ComMp keg
MNaoRo 2110 Rey Nebo DuM2 Reg
NoR. DyM3 Reg NeHo Dums R¥y
000088 REF Pog NeK. Xx$ Reg
NoR. oK Reg Nons ELAT Rep
N.R, MEAD Res Neka RATE Reg
Neke STIn Reg NeR. OLAT keg
Mo ke SELY Reg  0CcO02CE FLAT Reg
LN RSQ Reg hoK, N keg
J002FC [ 1s4  0uL300 L 194
NeRo Hpge L1e4 000310 ITER les
Ne.R. 113 Reg 0v0328 EB Heg 000330
000128 HEXADECIMAL BYTES
REL. ADDR, VAR. NAME  TYPE HMEL. ADOR. VAR. NAME TYPE REL. ADDR.
000006 1T {e4 MeRo 1FOR |23 Joo000C
N.R. 1365 Teg NeRo in Je4 N.Ra
Noke TAw Rep haR, NAVE Reg N.R.
N.k. UNGE Lid ) NeRo XCsQ Reg NoRo
Fuoe v
ougoeo aONE Reg NeRe Tu0 ey N.R.
NeRa FIVE Res NeRo ATE (17 M R.
NeR. HUND Reg Noeke C430 Reg N.R.
N.R. DIRA Rep NoKe orToR Ry N.R.
N.R. THs Res NeR. Tu7 Rs8 N.R.
NoR. CXRN Reg N.R. c2x Res N.R.
NaRa
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LASEL AUDR Lae¢ ADUR LaneL ALK LAvEL ApuRr

1 000048 2 Qu00Be & YUQUFY 5 UUL10«

& 000114 T ovorec g8 00140 9 Juuls?

10 000164 11 00010€
SOPTIONS IN EFFECTe NAMEL  AATAGUPT 02, LINECHT 253,51 LL €000CK
¢UPTIONS IN EFFECTe SOUPLE pT ROy NOLEST o NUDLLS s LUJAU 9 MAP yNUED LT ¢ 1D ¢ NOXREF
SSTATISTICSY SOURCE STATE® = 47 (PRULRAM SILE = %02

®STATISTICS® NO  DILAGNOSTICS GeNe “Tép)
ess00s EMND OF COMPILATION sseess 61K BYTES OF CuRe NuT USED

=136 ~
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. NNk eI b A8t e Al & A

AeRAS B e m sk e SRR e

fa
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Cracuial o

e




YT yalaz iiriny NN ] G EE e

B Coaae sy g Y 4l TR FT L
RIS
Hpeesg fpacenf s

Rl

AP

hakiora s

3
L
g

TASTY

TR

7

TN EAT R

i

i
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LEVEL 18 { SEPT 69 }

1SN 0002

ISk 0003
ISN 0004
ISN 0005
1SN 0006
1SN 0007
1SN 0008
1SK 0009
1SN 0010
1SN 0011
{SN 0012
ISN 0013
ISk 0014
1SN 0015

1SN 0016
1SN 0017

1SN 0018
ISN 0019
1SN 0020
1SN 0021
ISN 0022
1SN 0023
ISN 0024
ISN 0025

ISN 0026
1S4 g027
ISN 0028
ISN 0029
1SN 0030

SN 0031
1SN 0032
1SN 0033
1SN 0034
15N 0035
ISh 0034
ISN 0037
1SN cO3p
1SN 0039
1SN 0040
1SN 0041
ISN 0042
ISN 0043
ISN 0044
ESN 0045

ISN 0046
1SN 0047
ISN 0048
ISN 0049
1Sx 0050
1SN 0051
ISN 0052
ISN 0053
ISN 0054
TSN 0055
f&1 0056
1SN 0057
1SN 0059
ISK 0059
1SN 0060
IS4 0061
ISh 0062
1SN 0063
1SN G064
1Sh 0065

0S/360 FORTRAN H

COMPILER OPTIONS - NAME= MALN,0PT=02,LINECNT=58,5i2E=0000K,

SOURCEEBCOIC,NOLIST ¢NODECK ¢ LUAD ¢ MAP ¢+ NOEDI T 104 NOIREF

SUBRCUTINE ALRT

C-USES AVIS WHICH ULES SLNT AND SX¢Z
c

DOUBLE PRECISION TAW,WAVE «CVCGIEFRQOMCE «X03Q20SQ

DOUBLE PRECISION ONEoTWMOeTHRE FIVESATE, TEN,D6O,HUND+C480,STPS
OOUBLE PRECISION TOPI,OTRA,DTOM,TME TMeeTN5,THB, CHMTR,CXRM

DOUBLE PRECISION ZERU.FOUR,TMT,C2KeC2M,REFC

DLUBLE PIECISION DOPoXSeVS 2S¢ ELAT¢ ELUN:GEOH, STIR,HEAD,RATE
DOUBLE PHECISION OTK, TP yXNDT¢SUME,SOMD)E+ A0, COME,COMO,C 10 XLHG

OOUBLE PRECISION DUM1,0UM2,51+0FSTOUM3, DUMS,DUNS

DOUBLE PRECISTON OLAT,DLON, SHXE.SELVFLAToFLONJFFRQIRSQ VN

ODUBLE PRECISION T,TEMP.A
O0UBLE PRECISION DLK,DAKUNK
UOUBLE PRECISION DUM

DOUBLE PRECISIUN AELY

OQUBLE PRECISION TO (RISE,XMIN

Q

[4
C-~~DIMENSIONS

[

CIMENSTON OQP(8) o rS(9)oYSE9),45(11)+0LATE944DLONIS}
OINMENSION DUMIS) 2AL344)

C=~=CONNON

» wn -

own

»~

0

10
11

12
13

COMMON TPy XNDT s SOME ¢+ SOMD+F 4, A0, COME 4COMD,C T XLHG
COMMON DUMi o DUM2,ST40FSTDLM3+DUNG 4 DUNS,0DUP
COMMON DEK, DAK + GNK s DUN

COMMON XSeY¥SeZSeDIKIELAT+ELUNGEONsHEADyRATE DAY 4 MDAY, ST IN

COMMON DLAT,DLON, SMXE o SELVoFLATFLONoFFRQ)RSQe VN
COMMON [eJeKob oMyNeNOODP, ITER

COMMON T, TENPA

COMMON TO RISE,AELVeXMIN

CUMMON JCOMC/NULL ¢ IONE« I TWO o IFOR ¢1154130517~2 1My KMo KF
CUMMON 7COMC/TAMoMAVE(CVCGy EFRQ,0MGE.XISQy  LQe2ERD
COMMON /COMC/ONE s THO o THRE o FOUR o F IVE +ATE , TEN, D60 HUNHD
COMMON /COMC/C480,57P5,T0PE ,DTRA,DTOM

CUMMON /COMC/THL, THG s TNS o TMT s THBCHTR,CKRM, C2Ky C2M, REFC

EQUIVALENCE (ISTP,NDOP3 . (I1ELV.1TER)
FORMAT (1H] 4 3HDAY 43X ¢4HRISE, 32X o 4HELEV)
1STP=MDAY-1DAY

IF LISTP) 2,1343

ISTP=ISTP+13065

10=7-18,000

T=TO-TEN

HRITE (6413

TsTeTEN

CALL AVIS

IF (SELVE 4,445

T=T-TEN

TeaTeTW0

CALL AVIS

IF (SELV) 6477

RISEsSTIMGT~TO
ASLVeSELY

Tele2.50-1

CALL AVIS

1F (SELV-AELV) 9,8.8
CALL ARCS (AELV)
LELVSAELY

1=RISE/DTOM

KalelDAY

SF (K-1365) 11,11,10
KaK~1365

TEMPaY
RISE=RISE~DTOMETEMP
TEMP=R I SECCHTR

CALL uCen

WRITE [6¢12) KyLeM, LELV
FORMAT (1H,12,3%4212+4X,12})
IF {1-1STP) 4y4e13
RETURN

END
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ALRT
ALRY
ALRTY
ALRY
ALRT
ALRT
ALRT
ALRT
ALRTY
ALRT
ALRY
ALRT
ALRT
ALRT
ALRT
ALRT
ALRT
ALRT
ALRY
ALRT
ALRT
ALRT
ALRY
ALRTY
ALRT
ALRT
£LARTY
ALRT
ALRY
ALRT
ALRT
ALRT
ALRY
ALRT
ALRT
ALRY
ALRY
ALRT
ALRT
ALRT
ALKT
ALRT
ALRT
ALRY
ALRY
ALRT
ALRTY
ALRT
ALRT
ALRT
ALRT
ALRT
ALRT

ALRT
ALRY
ALRT
ALRY
ALRT
ALRY
ALRY
ALRY
ALRT
ALRT
ALRT
ALRT
ALRT
ALR:

ALRT
ALRT
ALRT
ALRT
ALRT
ALRT

ODATE 70,196/718.54.41

PAGE (02




P
-

Aaid -
.
7 ALRT 7/ SIZE UF PROGRAM L0310 HEXADECIMAL BYYES PAGE 003 3
HAME TAG  TYPE  ADD, NARE TAG  TYPE  AOD. NAME TAG  1YPt  ADD. NANE TAG  TYPE ADD.
a ¢ aeg Nou, t ¢ Res AGR. 1 S C Is 0002F8 J C 1% NeR.
K SF C 1% 0003500 L F C 1% 00030+ M F C ls« 000308 N C 1% NeR, 3
T SF  C weg 000318 AQ C Heg NeRe ct C Res NeRe N C Is4 Nobe E
xF C s NeRo KM C l®4 AR, st C Res NeRe T0 SF ¢ Res 000388 3
e C keg Nef, ¥N C Res Nera XS C Rey NeKe Ys C Reg NeRo )
s C Reg NeR, ATt C Reg NeR. c2K C Rey NeRo C2M C Rey NeRo ié
0AK C Reg N R Den ( Reg NeRo INK C Rep NeRe 00° C Reg NoR. k-
- (31N ¢ Reg NoR, ouym . Rey NeRe 060 C Pay NeRo 115 [ L) NeR. 5
5 132 C tes AoR, UNE C Heg NoRa RSQ C ke NeRe TAMW C Reg N.R. K
%3 TEN F € R*§ 00C098 Ml C Kes [N THG C Re§ NeRe ™S C Reg NoRe 3
¥ T™? C Reg NoR, Mg ¢ Rey NoKao Tal F C Reg 000070 AELV SFA C Red 000398 o
21 ALRY Ran  COCOCC ARCS SF AF  Re4 000000 AVIS SF XF R4 000000 CKRY C Keg NoRo i
N CMTR F € ©e8 $001CO CuMD C Pey NeRo CUME C Reg NeRe (474 C Res eRe K
L3 Ce80 ¢ Reg NeR, oLAT C Reg Nok. OLON C Reg NoRe OTOM ¢ C Reg 900000 4
¢ cTRA ¢ Reg NoR, OuMi C Reg NeRo oumM2 C Reg NeRe DUK3 C Res NoR. ;
7 Cyse C Reg NeR, ouMS C Res NeR, £FRQ C Reg NeR. ELAT C Reg NoP. g
% ELON C Rey FERQ C Rey Nelte FIVE C Res NoRe FLAY C Rey N.R. 3
: FLON C Rey FOUR € Rey NeR. GEOH C Reg NeRe HEAD C Reg NeRa
HUND C Reg 1oAY F  C 1%« 0u0220 1ELY SF CE 1%4 000314 LFOR C 1% N<R. E
4 L. C 1% Nok, ISTP SE (k1% 000310 ITER Ce %4 UO0V3L4 1THO C I%e NeRe z
: 1365 F ¢ les 000018 DAY F C Ie6 QOu. 4 NDOF CE 14 000310 NULL C 1% NuRo 3
OFST ¢ Res Nok, OMUE C Reg NeR. RLTE C Ry NeRo REFC C Reg NoR. 3
3 RISE SF € Pe8 000390 Setv F ¢ Res 0002:8 SHXE C Reg NeR. SOMD C Res NeRe 4
SUME C Reg NoR. STIN F L Rss 000228 STP5 C Rey NeRe TERP SF € Rea 00032v k!
THRE C Rey NeRa Torl C Rey NoR, UCON SF  XF  #%6 000000 WAVE C Reg NoR. 5
XLHG C fsg R, MIN L Rep Ned. XNOT C Reg MoRe x05Q C Reg NoRo B
ER0 ¢ Feg Poko S0 L Reg NeR. (BCOY £ XF  K#4 000000 %
By
ssses  CUMMON ENFLRMATIUN  stese §
NAME CF CCMMUN 8LOCK = s SI2E OF BLUK 000348 HEXADECIMAL BYTLS :;
VAR, NAME  TYPE REL. ACDRe  VAR. NAME TYPE REL. ADDR.  VAP. NAME TYPt KEL. ADDK. VAR, NAME TYPt REL. ADDR. %
£ weQ NeF. XNDT Reg [ ~ SOME R#g8 NeKeo SUMD Reg N.R. -
t reg NoR, ap Re8 Nehe COME Re8 NoKe CaND Re8 Nok. "%
(4] Re8 [ XL4G LEY) Neka ouvi Reg hoRe puM2 Reg NoRa 3
st ReR NoF.o UFST ’e*8 NeR ouM3 Re8 NeRe DUMS Reg N.%. &
DUMS ReS NaR, 6P Re3 Nehe DEK ReYy NeRe DAX Reg N.R. q
UNK pey No ko DuR Ked Nehe xs Re8 NoRe Ys Re8 NeRe 3
I (1] Aok, orK Reg Neheo ELAY Reg NoRe ELON Reg NoR. k4
SEOM Res NoR. HEAD Rey NeR. RATE Reg NoRe 10aY Is4 000220 A
MDAy 144 000224 STIw Re8 300228 OLaT R*8 AoR. ULON R*g N.R. X
SUXE R*d NoR. SELV Reg  0002C8 FLAT Reg NoRa FLON Reg N.R. b
FFRE &y NeR. RSQ key NoKe (G Reg N.R. 1 1%4  0002F8 ’%
J 1%4 NeP. X 14 00030) L 1% 0UO0304 " 1%4 000308 2
N 1%4 [ S \DOP Iee  00C310 11€R 1#4 000314 T Re§ 000318 3
TEYP R*8 000320 A Rey Neke ¥0 ’R*8  0V0388 RISE Reg 000390
AELV  Ree  0003¢8 XHIN  Red NeF. g
EQUIVALENCED VARIARLES WITHIN THIS CUMROR BLOCK
VARIASLE RFF3eT VARIABLE OFFSE. VARIABLE OFFSET VARIABLE OFFSET
1§30 000310 1ELV 000314 108 '

i lhed e dn

P A— L] L\
SRR,

JOPPIRTIR I LT RN X 2 A0

ik o

SRS, I QR e o

%

2AL,

i

TYTHrT




i3

@B

TR

i

g bt b e Tl

CYNCPATA

i

CLEAM A LA T L

o T~

7

Letaradis

-

L

1

-

o emg e e

NAME OF COMMUN BLOCK ¢ COMCe

VAR, MNAME
fuLL
115
(L]
Cv(G
205Q
TH. E
TeN
L1295
151
M8
c2m

TYPE

1e6
1%4
104
Reg
Reg
Reg
Reg
Rap
Rey
Reg
Re8

S1Zt

REL. ADDR. VAR. NAME
N. R, 10KE
KoR. 130
NoRo KF
Ne2. EFRQ
NeR, ItRD
HaR, FOUR
000098 0¢n
NeR. T0PL
NoRo THe
NoRo CHIR
AeR.o PEFL

] AR MERANGEEC
G BLOCK 000826 #EXADECINAL BYTES
TYPE REL. ADODR. VAR, NANE
1e4 NeRe 1TN) 1*4
134 NeR. 1365 186
1es NoRo TAN R*S
Reg MNeKe OMGE Reg
Reg NoKe ONE Reg
Reg Neh FIVE Reg
Re3 NoKe HUND R#*g
Reg NeRa DIRA Reg
key fieKe THS Keg
Resg oool1Cco CRip R28
Re3 NeRo
- 159 -

TYPEL  REL. &00°,

PAGE 004

VAR. NAME TYPE

1FOR
L]
MAVE
X0sQ
THO
ATE
480
oTOM
THT
cex

¢4
16
Re8
Reg
Reg
Reg
Re®
ReE
Reg
asg

REL. ADOR.
NaRe
NeReo
N.R.
NoRe

000070
NeRe
N.Re

000000
NoKe
NeRe

FTTGNE




L

W%

2

.

pmtme )

TP TR AR TR A TN

LaptL AVUR
7 000li0
6  00VlRO
v 000254
SCITIONS N EFFECTS

SOPTIUNS IN EFFECTS

LaARfL ADOR LASc. AJDR
3 a0l 4 00214C

T 0001AC 8 00018C

11 000258 13 0002tC

NAME = MAIN,OPT=02,LINECNTA58,512E50000K,

SCURCELEBCDICINIL IST 4 NUDLCK JLUAD o HAP , NOED I T« } 3 NOXREF

SSTATISYICSe SOURCE STATEMENTS = 66 JFPULRAM S12E = T84

SSTATISTICSS ND  OLAGNDSTICS GENERATED

$00s0e END (F COMPILATION ¢ecoss
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BLh HYTES Uf

Lavel

Cuke wLt

ADUR

vovl T
0001Lf

UstDd

PaGt v =

tane IR & T o B I B e

Yormf

KRR

LT

1

LZURRIR IS TR
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e ey " g PR WRE e

3

\

o

(493 ]

009«
Cuivy
LOvy
L00Y
(1914
out?
OLOr
{oew
{010
(AR
(A P

9013
Lo

001S
v i
{917
(2R 12)
uo19
(&7
Loz
60z2

0023
0o
0029
Q026
0uv27

cozs
029
o3¢
Gc3
60J¢
0Cc3a3
C03e
0035

aved “hTt & Juty? H/0e/1e
S EOUTIN: ANLS A¥1S
L AVLS
~ AVly
vJuolt PRECLILIGS Tas,ehY 1,008,724 0 FYOPD U/ LNV I AV]S
JOUBIE PELCLSIua Uak,TeU, kL, 2. L ek T, U, SN, L0, 5705 AV]S
ivibhe FKeChSIua bl Dibh e sUh, 180 Lot a9, 08 8,0 %10,00ha 137 ¢
“OvLE FFECLISIVL kb, Fuon,i%7,0uf v 00, FetC A¥Y>
LOLs it ¥FhLCIO10a bob,u. cya0,10, Setdlal, tlud,ob04,5 00,0 ke, ud} Avls
DOULLE §old™ "m0k 10y a0, 502 Er 30N, Ly AU, CUK uru,Ll,aba0 als
wobabE PeLCIY e Leti,uave, 0] Ca-T PYRAE PRV S8 T L0 A¥ly
DU ELE PrECISION LLAT,UuUn, 2AL, 5LV, LAT, b (M obEau,nS, 00 AVl
DULULE PFECLISICH 1,3L%0,4 AVly
LOLLLE TFeCISIUL S0 AVLS
DOLBLLE PELCESTUM wan,bat, bNr AVl
[ AVl
(S22 DL ¥3 955 1H $) AVlS
DINENSICOM LUP(U;,uyA.4),A:(?),qus),a,(ll,,».ki(:),L.bb(?) Ably
LIZLNSION A(3,w) AVIS
¢ (328
Cm=elU¥guN AVIY
CLStUN T XBUT o0l 5, 0uhu, 2p RULLUTE, LU w Ll ante A¥IL
CLANUR DUNT,LUN, o, 0bal, ubh3, Vo, ulr S, LOb AV1S
LOMRUN win, DAR WA, LU~ AVln
connek XS,1:.15,0‘L,LLAA,nkuh,hzbn,nLnu,bAIL,luAl,PDkl,STl& AVIS
COKECN DLAT,ULUs, SNALy 320w, FAT, ELCA b by, K5y, 4 Atls
CCELON T,3,Rh,1,0,0, 0000, 1Tek AYIS
oY roN 1,TEYP,A A¥L>
CCRELM TO AVls
< A¥ls
COo%BOM /LUEC/lbuu,IOli,lT‘O,I}OA,llﬁ,;JO,llbb,An.nﬂ,Kf AVlS
Ot EUN /LOﬂL/?no,hA\L,LV&u,L}hu,UHSE,lcag,ZbSu,L:hu AF1S
CCXON /COHL/Oh;,T-O,TnJL,fULk.ilVL.lTL,ThH,ubb,nUlb AV1S
CCNNUA /CO%C/CHUU,>7P5,TOHI,DTRA,D!U' AVIS
CONEOM /&uﬁC/TEI,Zrh,Tﬂ),IH7,1E€,QHTh,LKdP,le,LlH,PllL Avis
[ A¥ls
C-USES SINT ANy SAYZ 30 uci »ihz G ELo¥ATIoM ARule A¥y
A=]CML Avis
DeksZERC AViS
LAKrZERD AVIs
USKBLErC AVIL
CALL 52Y2 h31S
CALL SLRT A¥iS
sETUxM Alle
314 AviS
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0

51 20L L ATIoN
el

130 14
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Losy E19
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vt al
sihA ‘e
.47 Fo
Lett AL
21440 LUCATIUM
EY S P4 9o

*uriions 1 ERPECIS
*0c1i0LNS I SRFLLTY
*nTA

11Coe SOUNCE OTATALNT, =

Adls DATL = 70197

CuntYs olLulk / / AP SILL ER 1Y
3iabol LocaTiva SyasoL LOCATION
T o sunt 10
CoaE 30 wend 34
0082 kL] 31 60
ouns (1] cop sy
itil-} EC Xxs 108
ELAT 1Fs LLON 400
10AY 220 sDAY Fziy
Snxe &Lu SELY p{u ]
LED] dto L2 28C
L 30w s 308
T e TES? 326

CU%0a BLULA /vl /7 %Ay Slit A PL]
SY4BO. Lovallvs >Yapul LULATIOX
JUNE ~ 1Tal ©
"3 . 18 i i
aA¥E ElY V¥l 3o
PRIV} Pl pAS ] (19
FQUYR 19 FIVE (1]
LuND ] [(R111) 80
LTUN v anl by
ny tu LaTk 100
ket 1ot

SLoduuvanhd Labusl
SY%pCL LutaTloud SYLbUL LOCATIOS

SLMT "

10, Zou DI, 3vdacs, aves s, SOLLLK ,LOAD, SAP
AL 3 AVIS e swlaztnT 2 5y

#3TATISTICS® M0 DIAGMOSTICO GE¥omalzy

ok Sl

AN aed v /e pwataterrint

PILW ORI,

N3 A RN

TRETY
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19, veLLEAY Sile ™ Eres

SYMbUL
sosp
X
VLSt
DK
&
Grod
s11a
FLAT
L

3

A

Slitoul
IRLS
(Y]
LERy
ONE
ATL
s7e>
T4
SRER

Syrcol

t1/00/10

LOCATION
18

40

68

c8
150
208
228
200
re
30L
328

LOLATICN
9

20
<0
68
306
by
%4
108

LULATION

PAGLE 0002
SYRLOL LUCATION
£ 20
X186 4y
ounl kL]
DAK 0o
s 158
HLAD 210
OLAT 230
rLov 208
J 2FC
spop 310
T0 3os
SY¥sOL LULATION
15 13
&7 e
Gxbs .8
1a0 19
ath kD
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PEVEL 1@ 1 CEOT L0 3 J37 300 FUKIKAN H OATE T70.196/18.54,52

COMPILER OPTIONS ~ KRAMEs KAINK,UPT=0Zl,LENECNT 2584S12E20000K,
SOURCE ¢ EBCOICINULIST o NIDECK (LOAD ¢MAP JNUEDET o TO o NUXREF

sk Gewsy WEE SN

1SN 0002 SUBROUY INE ARCS (ARG) AKCS
ISx 0003 DUUBLE PRECISIUN ARG.X AxCS
1SN 0004 X=,50¢0 ARCS

C-=THE ACCUPACY IS CCPENDJENT UPUN THE MJMBER UF ITER SIOHS AKCS
1SN 0005 vO 1 I=],6 AKRCS
1SN 0006 1 XaXe(ARG-DS IN{X)37DCO5tX) AnCS
1SN 0007 ARGeXe.57295T7951310¢2 AKCS
1SN 0008 RETWRN ARLS
158 0009 END ARCS
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= I R it Eieartaiist oy bea e
’ a1cs 7 SILE OF PRUGRAM UUUILL HEXADECIMAL BYVES PAGE 002
NAME TAL  TYPE  ADD. NARE Ta6 TYPE  ADD. NAME TAG TPk 4D, NAME TAG  TYPE  ALU.
1 SF 1e6 003098 X SFA Red  00ODAO ARG SF aes  wLOvas ARCS Ke4  J0009C
0cos XF Hed 000000 DL IN AF  Rey 000000

e 4

i dawbriarnte o S 0w 4

Lidd

APRTRY Lo Wi LSk e g

Mty

ARK T Aty
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) e TOTCT I

Lot tiad R ~rm“,,' Wmﬂ

Lt M e o L
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L
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Froril

L ONR B SR

iy i e

Qeiatiaaniacs diiiy,

:

et lns

THUE /IR

7

ey e i wes @8 R e

TeIRTEY

Eaasg

g

$sp o) e e ey

o

s

LT

L

g pmp ey

gt

w

L.

]

e B o

SR S f e AR Ty

LT Ol iyt ol L0 Sl O - e s -
LABEL ADDK LABEL LOUR LABEL AUDR tAvtt AUDR pact 93
1 00000C
S(PTIQNS IN EFFFCTe NAMEs  MAINSGPT=U2, L INECNT #5045 12t 7COUOK,
SOPTIONS IN EFFECT® SOURCE +EHCOIC o NILEST ¢NLUELK G LUAD ¢ MAP (NUEDT T, 1D NUXRES
SSTATISTICSe SOURCE STATEMERTS » B PRJLRAM SILE = 358

eSTATISTICS® NO DIAGNOSTICS GENERATED
ss0ese END UF COMPILATION sesede 45K BYTES OF LhLut %ol USED
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3 &
S LEVEL 18 ( SEPT 69 ) 05/360 FORTRAN H DATE  70.196/18.53.59
¥ COMPILER OPTIONS ~ NANEs MAIN,OPTS02,L INECNT=58,5IZE=0000K, E
SOURCE +EBCOTCoNOLEST (NODECK o LOAD s MAPNOEDET o 10« NOXREF
ISN 0002 SUBROUTINE TYPE TYPE
4 TYPE .
1SN 0093 DOUBLE PRECISION TAN,WAVECVCGeEFRQ4OMGE ¢X0SQe 2050 TYPE 4
ISN 0004 OOUBLE PRECISION ONE,TWOoTHRE(F LVE JATE ¢ TEN, D6CyHUND ,C€80,STPS TYPE 3
1SN 0005 D0UBLE PRECISION TOPI,OTRA,OTUMTNDoFNG e TNS, TR, CKTR, CKRM TYPE 4
ISN 0006 O0OUBLE PRECISION ZERD,FOURCTMI 4L2KsC2M REFC TYPE 2
4 1SN 0007 COUBLE PRECISION DOP¢REF¢XSe¥S,2S,ELAT,ELON(GEOH,STIN,HEADRATE  TYPE k
3 1SN 0008 DOUBLE PRECISION DTK, TP ANDT,SONE,SOMD, E¢AD, COME,CORD,C 14 XLNG TYPE k
3 SN 0Q09 OOUBLE PRECISION OUML,0UM24ST¢OFSTDUN3 s DUR4 {DUNS TYPE E
3 ISN 0010 DOUBLE PRECISION DLAT,DLON¢ SHXE o SELVe FLAToFLONSFFRQIRSQe VN TYPE 3
g 1SN 0011 DOUBLE PRECISION T,TEMP,A TYPE 3
4 c TYPE B
[ 1SN 0012 DOUBLE PRECISION EDOT,ALyA2,A30A%AS TYPE t
3 ISN 0013 OOUBLE PRECISION TEMPL,TEMP2,TEMPI,S2LAT TYPE 5
1SN 0014 DOUBLE PRECISION VoWsDLATS,CLUNS(C4P8 TYPE
1SN 0015 DOUBLE PRECISION TEMP4,TEMPS TYPE
[4 TYPE
4 TYPE E
C-~~OIMENSION TYPE 3
1SN 0016 DIMENSION A(3,4) TYPE
1SN 0017 DIMENSION DOP(8)REFIB) ,XSI9I9¥S19)42S(11) 4OLATL9) JOLONL9) TYPE E
4 TYPE
C-~=CUMMON TYPE
1SN 0018 COMMON TP o XNOT ¢ SOME ¢ SOMD s E9 AU¢COME s CUMD ¢S 1,XLNG TYPE
1SN 0019 COMMON DUML s DUM2 ¢ST40FST 4 DUN3 s DUMG o DUNS ¢ DOP TVPE ;
1SN 0020 COMMON REF TYPE K]
1SN 0021 COMMON XS ¢¥SeZSeDTRe ELAT,ELUNy GEOHe HEAD + RATE ¢ 10AY yHUAY ¢ STIM TYPE i
1S 0022 CCMMON OLAT,OLGN SMXE 4 SELVoFLAT FLUNSFFRQ4RSQy VN TYPE 3
1SN 0023 COMMOK ToJeKoLsMeNoNDOP, ETER TYPE
15\ 6024 COMMON T, TEMP,A TYPE 7
4 TYPE J
1SN 0025 CUMMON /CONC/NULL ¢ TONEo 1ThUo 1FOR 3 1154 13001365 ¢ 1Mo KMo KF TYPE 3
1SN 2026 COMMON /LOMC/TAMeWAVE ¢CVCG EFRNMUAULE o~ IS Qe 205Qe ZERD TYPE
ISN 0027 COMMON /COMC /ONE o TdOy THRE o FOUR ¢ FIVE o ATE s TEN, D50 o HUND TYPE .
158 0028 COMMON /LCHC/C4804STPS, TUPT,DTRA,DTON TYPE 3
1SN 0029 COMMON /COMC/THL o TH4 o THS o TH7  THB ,CHTR ,CKRM C2K 4 C2My REFC TYPE
< TYPE
158 0030 EQUIVALENCE (A{1,11,£007 ) TYPE E
1Sy 0031 EQUIVALFNCE (AC1¢3)+TEMPLY 4 1ALL %) e TENP2) TYPE 3
1SN 2032 EQUIVALENCE (Ail, 21 TEMP3),{A(2,2) (S2LAT) TYPE
1SN 0033 EQUIVALENCE (A(24324V PeiAl2;:60 e ) TYPE
1SN 0034 EQUIVALENCE (A1341)+0LATS) 42A03,2) ,0LONS? TYPE 3
1Sh 0035 EQUIVALENCE (A{343)¢TEMPL) o (AL344) s TENPS) TYPE b
4 TYPE
1SN 0036 150 TYPE 2
1SN 0037 19 TEMP4=( (FFRQ-EFRQI/D60) $HUND TYPE i
ISk 0038 TEMPS=EFRQ/2 . 4L%6 TYPE 3
1SA 0039 WRITE(8,110) TEMP&, TENPS TYPE i
13N 0040 110 FORMAT(F7.1,F9.5) TYPE
1$i+ 0041 TEMP= SHXE TYPE
1SM 0062 CALL ARCS(TEMP) TYPE
156 00 WRITE(8,111) TEMP TYPE k
TSN-O0%s 111 FORMATIFS.1) Tvee §
I
PASE 00Z 3
ISN 0045 TEMP» L STINSFOUR) SCHTR TYPE
1SN D048 CALL UCON TYPE }i
1SN 0047 WRITE(8,112) L,M TYPE 3
ISK 004€ 112 FORMAT(12,12) TYPE 2
ISN 0049 MRITE(8,113) NDOP TYPE
1SN 0050 113 FORMAT(12) TYPE
1SN 0051 NRITE(8,113) ITER TYPE
1SN 0052 190 TEMPs((FLAY-3LAT)/OTRA D60 TYPL 3
ISN 0053 TEMPL{ ({FLCN-ELON) #DCOSEFLAT))/DTRA)®D60 TYPE 3
1SN COS4 TEMP3=FLAT/DTRA TYPE E
1SN 005S JSTEMP3 TYPE
1SN 0056 TEMPI=DABSE{ TEXPI-DBLE(FLOAT(J))I*D60) TYPE =
1SN 00ST TEMP4EFLON/OTRA TYPE 4’%
1SN 0058 KaTENPS TYPE 2=
1SN 0059 TEMPLSDAISTL TSHPL=DILE (FLOATIK) ) 100603 TYPE 2
1SN 0060 WRITE(8,114) JoTEMP3,TEMPK, TERPG, TENPL TYPE ’ g
1K 0081 114 FCRMAT (140F7.60F8.by16sFTo6yF804) TYPE } =5
1SA 0062 1F (1) 103,102,102 TYPE ' 3
1SN 0063 102 €DOT=0.673937800-02 TYPE ,ﬁ
1S% 0064 Al2-0.931370620+0 TYPE —):;{
ISh 5065 A280.213439C80¢ 01 TYPLE %
1SN 0066 A33C.135824890e01 1YPE Py
1S\ 0067 A420.1159985676-02 TYPE 3
1Sh 2088 A53-0.341666220¢0 TYPE ;:g
: 1SN 0069 TEMP =DSIN(FLAT) TYPE =
: 15% SO19 TEMPLEOLUSIFLAT, TYPE b 4
ESA 0071 TEMP2euSINGFLON) TYPE L5
1Sn 0072 TEMPI*( LOSLFLOND TYPE
3 1SA 0073 SLATS VL NPATENP TYPE
3 1SN 0074 VSONE ¢« {UT® (CNE-THKESS2LAT/TWO) 1YPE
3 1SV CO7s As0% -1 EDUT® S2LAT/TND) 1YPE -4
1SN 0378 DLATS  ({A18TEMPI+A20TEMP2) *TEMP+AZSTENPL) OV 1veg s
1260520 AT e X5 ) TERPOTENPL TYpe =2
15% 2077 x £1eTEMPZ=A2CTENPI)On/TEPL 1YPE =3
15% core 4. %91388110-00 TYPE 2
1S% 0079 FLATsFLATOCLPRODLATS TYPE g
TSN I0N0 FLIATFLONGZLPEOILUNS 1vPE =
151 coal 12-1 1YPE s
158 0062 cO TG 150 1vpg
1 128 3043 103 2gTean TYPE
18 739 END TYPE
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3
’ ’ 1yee / SIZE CF PRUGRAM UCUSS0 HEXADECIMAL BYTES PAGE GO3
Nawe TAS  1YPE  ADD. NAME TAG  TYPE ALD. NAME 146 1vPe  4uD,. RANE TAG  Tyek aDD.
4 CE Rs8 00C328 € T Reg NoH. s C 1%6 VU02FB 3 SFA C les Q0O2FC
K SFA C [*4 000300 L F € 1% 000304 M F ( ls& 000308 N C les NeR.
T € Rer NP, vV SF CE Re8 D0038) 4 SFCL &es 000376 A0 C Res NeR,
Al SF Reg 000120 A2 SF ey (00128 A3 SF Reg (00130 A4 SF Reyg 000138
AS SF ®e8 00140 (41 C Reg NeReo 1] C 1es NoRao [ (ST P Nk,
« [ T NeRo S1 C Reg NoR. w” C keg H.R N C key NeR.
xs C keg Nk ] C Reg NoRo s ¢ Aeg Kok ATE C Reg NeR,
(%43 C vey [N (#1] C Res NeKa uLe C wey NeR. 0T ¢ key Nk,
U0 FA C  ke§ 0OVDAD 115 [T TY N.R. 130 [ K.%, UNE F L Ked QGUO6S
“EF C Res [N RSQ C xeg Ne3e Taw C ke Rada TEN C keg NeR,
™) C Reg Tas C key NeRao ™s C key NoRo ™Y C Rep NeR,
T8 C ve8 TWd F ¢ ke 000070 ARCS SF XF  Ke4  0U00CY [4XT] ¢ keg naR,
CuTR F  C w®e8 000100 CoMU C Key Nk COME C Reg e fto [A"d 4 C Reg NeR,
C4PB SF Re8 000148 C4t0 ¢ Ke3 RoKe CLAT C des NeRe oLun C Reg heoR,
oTUR C Reg [N DIRA F C Rs8 00LOOCS UMl € ey NoR. UM C reg HeR.
PUM3 C e Ao, DUrE ¢ Res NeReo oums L weg NeR. EDLT SF CEf xeg 000328
THRQ F C B8 000040 ELAT F C Re8 OUOLFS ELUN F C hey 0OLD2CO FFRQ F C &g 0002€0
FIVE C Rep heR. FLAT SFA C Re8 000200 FLON SFA € we*5 000208 FOUR F  C ked 000y
GELn C e teRo HEAD C ey NeRa HUND + C Res COCOAE Luay € ls4 NeR,
1F0R C I+ NeKo IONE C 104 N.Q. ITER F C 1%4 LOO314 176 C les KeR,
13¢5 C 14 N.R. MOAY C 1w N.2. HMOOP F C fe4 LOO3LD ALLL C s NeR,
CFST C keg [ SN LMGE C ey NoR. RATE C Rey NoR. REFC C Reg Na kg,
SELY C neg NP, SMXE F ( Kes QULL2CO SUND C Res NeRa SCuE € Reg NeR,
STIM F  C oe3 000°28 STP5 C aes Kok TEMP SFA C  ReE 0GU320 THRE £ C Reg 00007
0PI C Res M.R, TYPE Re4  J0011C UCUN SF Xf  Ke& 00V0OU WAVE C Reg NeR,
XLMG ¢ Reg NoRo xNUT C Rey NoR, x05Q C Reg NeRo 2ERD C reg NeR,
2082 C Reg N.R. OLATS SF CE Re3 0UO0338 OLONS SF CE Kes 000350 S2LAT Sk CE HRep 000348
TEMP1 SF CE Re8 000358 TEMP2 SF CE R®§ 000370 TEMP3 SFA CE Kes 000330 TEMP4 SFA CE ke8 (p036s
TEXPS SF CE Re8 000380 OSIN XF Rey  Q0L000 ocus XF  Reg  LOUOOD 18CCNE £ XF Reg 000000
sexse  COMMON INFURMATION  seses
NAME OF COMMOH BLOCK ¢ SIZE JF BLUCK GO0388 HEXADFCIMAL BYTES

VAR. NAME TYPE RFL. ADDR. VAR. NAHE TYPE REL. ADDR. VAR, MAME TYPE REL. ADDH. VAR. NAME TYPE REL, ADDa.
b

Reg N.R. xn0T Re8 SOME Res heRa SOmD Reg NoR.
E Reg A.R. AU Reg COME Reg NoRo CoMD Heg Noke
ct Rep [N XLMG Reg ILYY Res NeKo oumM2 Reg N. R
S1 Reg NoR. OF ST R*g oun3 Re8 NeR. oUM4 Reg N.R.
DUMS Reg NeRo DoP Re8 REF ReQ tHok. xS Reg N R.
vs Re6 HoR. 133 Res oTK Reg NoKe ELAT £78  00031F8
ELON Reg 000200 GEOH Rey HEAD Reg N.R. RATE Reg NoRe
1DAY 104 N.R. MDA 14 sTIn Res  QUu228 DLAT Aeg NoRe
OLON Reg N.R. SMXE Reg StLv Rey NeR. FLAT ReE 000200
FLON Re§ 000208 FFRQ Reg RSQ Reg Noke VK Rep [
1 1*4  0002F8 J 1%% 3 I%% 000300 L 1s6  00030¢
" 1s4 000308 ~ 1% NDOP 1*%  J0u3l0 1TER 184 000314
1 kep NeRe TENP R*8 000320 A Reg  0U0328
EQUIVALENCED vA®°ABLES WITHIN THIS CUMMIN HLTTR
VAR[ABLE  GFFSel vARIABLE SFFSET VARJASLE  FFSED vARIABLE GFFSET
€00T 200328 TENPL 000358 TENP2 000379 TENP3 00320
PAGE 004
S2LAT 000348 v 000360 " 200370 DLATS 600338
OLOUNS 000350 TEHPS 000368 TENPS 000360

KAME OF COMMON BLOCK o (COMCe SIZE OF BLOCK 030128 HEXADEL IMAL BYTES

VAR, NAME TYPE REL. ADDR. VAR. NAME TYPE REtL. ADOR. VAR. MAME TYPE REL. ADUR. VAR. NAME TYPE REL. ADDR.

it i i ey e ) G N Y D e

Nurt 184 Ne R 1UNE i1s4 NeR. 1Tw0 1s¢ NeRo 1FUR 104 N.R.
115 194 N-R. 130 1e4 N.R, 1365 Ie% Nokao in 104 NoRe
KN 1es NeR. KF s No.R. TAW Reg NeR. WAVE (54 ] NoRe
CvCG Rep N.R, EFRQ Reg 000040 GMGE Reg N.Ro X0sQ Lad ] N. Re
1059 Rep N.R. 2ERD Rep No Ko ONE Reg co00s8 Ta0 Reg 009070
THRE Rep 300078 FOUR Reg 000080 FIvF Reg N.R. ATE Reg Ko Re
TEN Reg N.R., 060 Reg 0000A0 HUND Res 0000A8 (480 Rep Mo R
S7PS Reg N.R. T0P1 Rey N.R. DTRA Reg ovcocs oTQoM keg N_.Re
Tl Peg N.R. THe Rep NeRo ™5 R=ag NoR. ™7 R®g N. R«
T8 Reg Ne.R. CHIR Reg 300100 CKRn Reg N.R. 2K aeg N.FPe
c2n Reg No.R, PEFC Reg NeRo
- 167 -
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; ';me-wv-\m LIRS

prm———

Tt TP
Pt

e 1o e T S m ey ey TR T AT R S FR P ) =l
LASEL AQDR LASEL anng EE 13 aZSR LABEL  ADDR
19 000180 wR 190 0J0284A 102 000+1& 103 000s2C
SCPUICNS IN EFFECTS NAME S MALN LPT202,LINELAT=58,502E=0000K,

STPTILNS IN EFFECTe
*STATISTICSe SOURCE STATEMENTS =
SSTATISTICS® NG DIAGNOSTICS GENERATED

seesse END OF COMPILATION e¢eesns

83 (PROGRAM SIZE =
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S.UICE'FSCDlCcNJLlSY-NODECK'LOAD.NAP-NUEDIT'lD.NOxlEF

SIK BYTES OF CORE NUT USED

T ASTE AT P W W T

0ab€ oc5

bt

PP DAV

-—-n--—---u-ul-uuuuﬁ-—a

UM 2 2 Vlhb oot oy o 1 cae

§ s mr e

Lot il

A R L I TR PPV E VY RIR N TR UMY

2

iasy bt 28} L RN St

Y™

oL b gt B o

b el denaberadabaat,




N Ed DS LY.
T P ey

s iy kvt 3 £ Kot i
e S L T RE bt oo apsde o

]

LEVEL 18 ( SEPY 49 ) J57360 FUKTRAN p DATE 70.196/18.54459

COMPILER OPTIONS - waAMEs I‘AIN.OPIIOZ.LINECNIl5b.SIlE-OOOOK.
SHUQCE.EGCU‘C.h(ll.lSY-NthCK'LUA‘J.HAP.NUEOIY.IO'NOX“EF

1SN 0002 SUBRUUT INE yCON UCLN

C VCON

[ UCuN
1SN 0003 OCUBLE PRECISIUN uu.uve.cvcc.erna.onse.Aoso.zoso uloy
1SN 000& DLUBLE PRECISIUN (me.wu.*nkk.rlve.ue.re~.oeo.nuuo.ccao.sws YCUN
ISN 0005 OLUBLE PRECISION luPl.o!lu.own.nu,rnc.ms.rm:.(,um.cxnn utoN
15K 0006 DOVELE PRECISICN ZERD,FOUR . TMT 4L 2K .0 24, REFC UCuN
1SN o007 OOUBLE PRECISION ouP.s:f.ohaA.Du.tLAr.ELM.cEm.Hm.MEAo.Rne uCLn
1SN 0008 QUUBLE PRECISION Drx.lP.nw.scue.sono.E.Ao.cO\tE.couD.cl.anG UCON
SN 0009 DOUBLE PRECISION OUM1, DUM2, $1,0FST,0EM3, 0044, DUNS JLON
1SN 0010 VOUBLE PRECISION DLA!.DLD&.SHXE.SELV-FLAI'.F'.O“.FFRQ'RSG.VN uCuN
1SN 0011 DOUBLE PRECISIuN T,TEMP,a,0uR UCCN
1SN 0012 DCUBLE PReCISION v, 7 ueoN

4 ulon

C~--DIMENSIONS uees
158 2013 DIMENSION ouvtel.aeﬂs».ou9:.04(9:.2&(u).oun‘n.owu(o) UCUN
18K ocle DIMENSION Al3440,0uM(10) uCun

[4 vlun

C~-~COMNON UCUN
ISk 001S ~ONuON ‘IP.XNDY.SUME'SOKDvEnAOcCONE'LOND.CI.XI.MG uCon
15% 0016 COMMON OJYL4DUH2,S1,0FST,0UH3y DyMe,0UMS5.00P ucan
1$H 0017 COMMON REF UCUN
1SN 0018 CCMMON as.OA,DN.DYK.ELA?.ELDN.cEOn.m:Au.RArE.lmv.nou.n|n uCuN
1SN 0039 ConMON ou!.m.ou.snxe.ssu.nu,rumnac.asa.v~ UCON
1S1 0020 COMMOR 140K oloMyNyNDOP, JTER uCon
1SN 0021 COMMCN T,TEMP,A,0UM YCUN

[4 UCUN
1SN 0022 COMMON /cuncmuu.wns.lruo.lFun.ns.130.les.lu.m.xF uCun
1SN 0023 COMMIN I:Oncnn.uuf.cvc:.EFko.unGE.xoso.zosa.leno ucun
ISN 0026 COHRON /conuor«e.ruo.mae.muu.nve.ne.tEu.Dbo.uumJ vCuN
ISN 0025 COMMUR /COMC/C4804STPS, TUPL,DTRALDTON uCun
ISN €026 COMMON /COMC/TML, T4, THS, TMT2TH8CMTR,CRRMGCZK,C2M, REFC LLun

[ LCON
1SN 0627 EQUIVALENCE (REFI1)4Y), (REF(2)42s [T4:1%

c ucon
1SN ooze YZ(TEMP/OTRA) ¢ THT WCON
1SN 0029 Lay ucoN
ISN 00630 21#L UCON
ISK 0031 Y=DABSLIY-219D60) UCun
ISM 6032 vry UCuNn
1SN 0033 - LCON
1SN 6034 . He{ve23/Tm4 ueoN
1SN 0035 PETURN ueeN
1SN 0036 END UCON
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.
/ UZUN / SI1ZE UF PRULRAA UULLIAS HEXALECIYAL WYIES PAGT GL2
Gawf T4, TYeE ADU. AME TA,  lyee  AuD. NAME TAG  IYPL AU, NAGE Yau  TYel 2ot
A C keR Noko 4 C Ked NeR. 1 C 1% N.Ke J ¢ les PPN
« [SEN LY [ L SF 0 les QUU3L4 MOSF L tes ©ILA NS C t* Luulul «s
1 [ [ SN Y StAa Lt Res 0000C8 I SHA CE Heg CLUOUO Au C  Rew Aela
4] ¢ wRes Narto (a ¢ Rey Aok ut C Rey NoRe s ¢ weg Nete
1u C tes NeHe N ¢ 1 NeR. L3 [ NeRe st ¢ weg [T :
1 [is RS vh C Rey hokte AlE € Key NaRe cen [ Ne R =+ 3
(4] [ Nera uLe C A3 NeKR. (43 C Res N.Ke ouM C teg ke -
vy FA (. 2ea  COULAY 115 L les N.R, 110 C 1% Lok UNE C hey faby :
(113 (F  Rey  2000CH LR C Reg NeRo TAu L rég NoKe TEN C cey N e -y o}
1 £33 C rey N.R, 144 F ¢ Re§ QOOLEO TS C %8 ! ke MY ¢ C Pe3 UL, H
AL ¢ ee3 NoH. Tw0 C Red NeRo CARM C Rey N.Re CuTR C rey Nelo *
(04D C Res NaRa CaMe ¢ Ren Nefso Cveeo C Ry NoKe Cady C Reg nee -
CLAY ¢ oeg NoR. R L Reg NeRe nton C Rey Noke OTRA § € wvep  O0UUCH
LITL Y ¢ <eg NP Oume C Asg NeRa DUM3 C Heg NoRa oLMs [N T e ke .
tuds C @e8 NoHe LERQ C ueg NeR. ELAT C Rsy LY CLUN C wey NeR.
[RRE] C Rey FFRQ I Re3 NeRo ¢ LVE ¢ Reg NeKa FLAT C ueg Noie -t
FLoN € Rkep FUUR C Red Nelto GEOH C neg NoHa hEAD C  Rey Neho :
HUND C Prag 1oAY c - NeRa (FOR C 1% Helta IGNE C Iss LY
1reR C 1% trWo [4 P 1365 C 1 NoKe DAY C 1% NeRe -
*00P C 1ea NULL % FsST C Re3 Nela UMGE C Reg NeR.
#ATE ¢ Reg REFC ¢ . SELY C Reg NoHe SHXE C Reg NeR. '
Samp € feg SCME C ‘ . sies C Rey NeRa TEXP F ¢ Res8 0cCO0320 b
THRE C ReB tups [ uCON Re4  0LOOSC AAVE C Reg [
Xt C feg ANRT C Rsp xX0sQ € Reg NeR. LERD C Reg N.R.
080 € Reg
es%0s  COMMON INFURMATION ss00e
4
NAME OF COMMON BLO(K o . SI1ZE OF BLOLK 000308 HEXADECIMAL BYTES g
VAR, NAME  TVPE  REL. ADDR. VAR, NAME TYPt REL. AUDR. VAR, NAME TYPE kL. AUDR. VAR, NAME TYPE REL. ADUR. :
TP Rey NoR. AND Re3 NeRa SUNE RS NeRa SCHD «eg N.R.
€ ReR N.RL A0 Re3 N.R. CUME Re8 NoKe [4:124] Reg N.R.
Cct Reg NoFo KLMG Re3 NeRo DUML Reg NaKe DUM2 Re*8 NoPo
5t neg N.R. UFST isy N Ry ouMn3 Res NeRa Oume Qe N.R. .
DUNS Reg N.R. oge Reg N.R. REF R*g 0000C8 CE R*8 N.R. N
DA R«8 N.R. ON Reg N.Re 13 Reg NeKy ELAT R*8 NeReo 4
ELON ey N.R. GEGH Re3 NeR. HEAD Reg N.R. RATE Re NoR.
DAY 1% N.R, PDAY les NeR.o €T IM R*§ Nok, OLAT R*8 N.Re -
OLOX Re*8 N.R. SHXE Rs3 NeKe SELV Reg Noho FLAY R*8 N.R. :
FLON Reg N.R. FFRY Reg NeFeo RSG Reg N.R. VN Reg N.&o
1 1e¢ N.R. J 185 NeRo K leg NeRo L 124 000304
L] 1% 000308 N 104 000360 NDOP 1eg NeRo 1TER 1e4 NeRo
1 Reg HoRo TENP Reg 000320 A Re¢g Neko oun Reg NeRo
e EQUIVALENCED VARTABLES WI1THIN THIS COMMON SLUCK
VARTABLE OFFSET VARIABLE OFFSET VARJABLE OFFSET VARTABLE CFFSETV
A 0000C8 b4 000000 =

NAME OF COMMON BLOCK ¢ COMCe SI1ZE OF BLUCK 0001286 HEXAGECIMAL BYTES

VAR, NAME TYPE REL. ADDR. VAR, NAME TIYPE ftl. ADOR. VAR. NAME TYPE RELe ADDR. VAP. NAME TYPE REL. ADDR.

ot

TV

PALE 003
NULL oy Mef. TUNE 16 Neh, 1180 b2 NeReo 1FCR 124 NeR. 3
112 104 N.R. 130 146 NeRe 1365 1e4 Ne.Ro HE] 194 N.®R, b
L3 les NeR. “r 1%6 NeRe TAu Reg Noke WAVE R#*g N.R.
(44 ey deRe EFRQ Re8 NeRo LUGE Reg NoRo xX0%Q Reg NeRo 3
10S8Q Res NeR IERY Reg NeReo ONE Reg NeKe INW0 ReQ NeR, ? H
THRE ReG NaR. FOUR Rey NeRe FIVE Ref No.R. ATE Reg NeRa y
TEN Reg NafRy 060 Reg 0000A0 HUND Reg NeRo Cq80 Reg NeR.
£ X143 Reg e Ro 1GP1 Reg NeRe DTRA Reg ogowe oTON Reg N.Ro -
™1 Re*8 NaRe THé Reg 0000£0 s ReB N.R. ™7 Reg 0000F0 *
THB Res [ . CHIR Re*8 NeRe CKRM Reg NeRo 2K Reg NeRo
(43 Regd NaR. REFC Re8 N.P.
3
SUPTISMS 1M FFRFELTS NAMEs  MAIN,OPT202,L INECNT258,S12620000K, 3
3
SDPTIONS IN EFFECTS SOURCE »£8T0IT, ML ST ¢ NODECK 4 LOAD 4 MAP ¢ NDEDS T4 10, HLXREF :
SSTATISTICSe SOtIRCE STATEMENTS = 35 +PRGGAAM SIZE = 428 ! :
SSTATISTICS® NDO DIAGNOSTICS GENERATED Y
eseede END OF COMPILATION ssseoes 61K BYTES OF CORE NOT USED
—
SSTATISTICS® N DIAGMOLLILS THIS STEP
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Appendix A

FLOW CHARTS FOR DATA PROCESSING PROGRAM AND
FORTRAN NAVIGATION PROGRAM

Flow charts for the data processing program de-
scribed in Section 6 are shown in Figs. A-1 through A-18.
Flow charts for the navigation program described in Sec-
tion 8 are shown in Figs. A-19 through A-25.
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Fig. A-12 SUBROUTINE VPTS
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Fig. A-13 SUBROUTINES PROC AND iNPU
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Fig. A-16 SUBROUTINE INTR
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APPENDIX B

FIXED POINT SCALING

The AN/SRN-9 navigation solution equations and the
suggested fixed point scaling to be used in the solution are
presented in this Appendix. It is assumed thai a computer
with at least 30-bit word length is available (i.e., sign and
29 bits) and that the error of arithmetic routines is in the
29th bit.

SCALING NOTATION

The register containing the word of interest is con-
sidered to have the most significant bit at the left and the
least significant bit to the right. The uwecimal point s nor-
mally considered to be at the far left, between the sign bit
and most significant data bit. This situation is represented
by 80. The letter s is used to indicate a scaling nurnber.
If the decimal place is considered to be to the right n
places, the scaling is indicated by sn. If the decimal point
is considered to be to the left n places, the scaling is in-
dicated by s-n. To scale the number 9 (for example)
optimally it should be scaled s4.

910 = 1001 binary
represented in a 30-bit word as

bit position 30 29 28272625 .......
S. 1.0 0 1.0
g SRS,
s0 s4

PRECEDING PAGE BEANZ
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The number 0. 25 would be scaled s-1 optimally.

0.2510 = 0.01 binary

x0 . 100---1 =816 0- -
s-1

s0 s-1

In the navigation equations the scaling is written
above the variable of concern. Sometimes a shift of the
decimal point of the result of a computation is needed to
match that of another computation. This is indicated by
giving the scaling of the result o. the operation with an
arrow to the desired scaling.

Example:
X = a + by

suppose a is scaled s3
b is scaled s2
y is scaled s4

and it is desired to have x scaled s2. This would
be indicated by:

s3 s2 s4

x =a+by s3 —b s2

S6 =% s3

In multiplicatior, scaling numbers add. In divi-
sion, scaling numbers are formed by subtracting the de-
nominator scaling from the numerator scaling. In division,
it is necessary to adjust tae scaling before dividing so that
the result of the division will have the proper scaling to
insure 10 overflow {i.e., the answer will fit into the re-
sulting scaling).
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INPUTS AND UNITS

The inputs to the navigation computation and the units
in which they are expressed are listed below.

Symbol Units Scaling
tp minutes s1l
n radians/minute s-3
W, radians s4
16| radians/minute s-11

€ dimensionless s-3

A, meters 924

Qo radians s4
Q radians/minute s-7
Ci dimensionless s-5

A G radians s4

Si dimensionless sl

A’Ek radians s-2

AAk meters s24

nk meters s9

to minutes s4

Tc minutes sl11
Nk cycles s23
Rk cycles s12

e e radians s4

Ae radians s4

‘pk radians s4

A K radians s4

f, cycies/minute s21
f dimensionless s6
- 203 -
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romtrrd Bs A

: Symbol Units Scaling
6 dimensionless s0
R meters s23 :
o 4
:
h' meters s23 i
E|
w radians/minute s-7 3
L meters/cycle s0 %
v knots s9
d radians s4

et

SCALING FOR NAVIGATION FIX SOLUTION AND ALERTS

STEP A — Correct 400-MHz doppler counts for effect of
ionospheric refraction.

T R K3 N E OB U B g s B

If N =2 X 106, N. =0, otherwise continue.
k k
400
(A.1)
If Rk = 2X 103, Nk = 0, otherwise continue. (A.2)
s23 ;2 sl2 sl2 i
N =N+ = (2000 - Rk) s23 cycles. (A.3) ‘

400

[

s12—s23

STEP B — Compute navigator's relative motion in latitude
and longitude.

6 = f (2-f) s0. (B.1)

- 204 -

e r———— -_——en [ ] —— —




N §

THE JOHNS HOPKING UKI\ERSITY
APPLIED PRYSICS LABORATORY

SILVER SPRNING MARYLAND

81
s4 89

A - - sin d
A K (k-1) v cos @
e

sl

54 a9 sl
A9, = (L-1) v cosd

8-13 b
1 2 (
3443.934 60

sl ;
1-0.58 sin-che)J 82 radians. (B. 2)

s1~s2

l3-13 2 sl 2
m 50 _1 +06 (1-0.50 sin ‘Pe s2 radians. (B. 3)

STEP C — Compute first fiducial time.

sll
T
K’ = _2_c [ ] means integer part of
s2
s9- 510
s2 sllO
T = 2K s12-511
sl1
' I
Tc - [30 ]
s5
sll s5 sb6
J = 1 - 30 T
c
s6 - 311
s2 s4 sl1
= - J
H 2 tO
s11  si1 33 ;11
TO =T + H - 30 [—1'5—
s5
- 205 -

s10 minutes. (C.1)

sllm. :s. (C.2)

86 minutes. (C.3)

s11 minutes. (C. 4j

811 minutes. (C.5)

s11 minutes. (C.6)
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STEP D — De.~ode out-of-plane orbit r2r:iections and
interpolate for missing corrections.

sll1
s11 sC T0
N = Ty -4 |7 [] means integer part of (D. 1)
s3 811 minntes.

Egs. (D.3)through{33.5) snall be executed tor

K = 2,4 6, -~~~ 3fN =0Dorfork=1, 3,5, ---if N# 0.

(D. 2)

It e - 5 20 then {D.3)

~ = ¢ .

CPW) = 1094n -5)+ 107, , s9

and CPT (1) = L. s5

If T)k -5 <0 and (D. 4)

7, #0 then i

. e

CP (1) = 100 (nk - 5) -19 M1 s9

and CPT i) = k. s5

If Tik - 35 < 0 and (D.5)
nk = 0 then

CP(@ = -19 nk+1 s9

and CFT () = k s5

where £ = 1, 2, 3, ---, OP.
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IfOP £ 2 then (D.6)

n = 0 fork=1, 2, 3, ---, KM.

If OP = 3, execute Eq. (D. 7-a) for k = 1,2, 3, ---, KM.
If OP = 4 and N = 0 execute Eq. (D. 7-a) for

k=1, 2, 3and Eq. {D.7-b) fork = 4, 5,6, ---, KM.
If OP = 4 and N # 0 execute Eq. (D. 7(a) tor

k=1, 2and Eq. (D.7-b) for k = 3. 4, 5, ---, KM.

(D.7)
If OP =5 and N = 0 execute Eq. (D. 7-a) for
k=1, 2, 3, Eq. {D.7-b) for k = 4, 5, and
Eq. (D.7-¢c)for k=6, 7, 8, ---, KM.
If OP =5 and N # 0 execute Eq. (D. 7-a) for k =
1, 2, 3. Eq. (D.7-b) for k = 4, and Eq. (D. 7-c) for
b k = 5,6, 7 ---, KM.
%{
- _§ fx+1) - CPT(2) (k+1) - CPT(3) . .
1 *|cPray—epT@ - cPrm-cprd | W 512 259 s9
L 85 s5 s5 s5 J
s10 =57
r 85 _ s5 s5 85 - 39
(kr1) ~ CPT(1) = (k+1) - CPT(3) .
+ e —crry | crr@ - cprm| CF® 51259 89 (D.7-a)
L 85 s5 s5 s5

si0 <57

(k+1) - CPT(1)  (k+1) - CPT(2)
CPT(3) - CPT(1) CPT(3) - CPT(2)

- g5 5 . 85 s5
s10—s7

CP(3) s12 ~-s9 s9.

- 85 s5 85 sb ] s9
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e
e
‘ s5 85 s5 ']
o _ | k#) - CPT(3) | (kD) -m* "(4) y - o
2 M CPT(2) - CPT(®) ~ CPT(2) - PT )| cP2) 512759 9
' s5 s5 s5
510~s7
< s5 s5 s5 s5 7 s
(k+1) - CPT(}y  (k+1) - CPT(4) ” -
" | TPT(3) - CPT(2) CPT(3) - CPT(4) CP(3) 812755 s9 (D.7-b)
L s5 s5 s5 s5 A
s10—~s7
© 85 s5 s5 S5 s9
(k+1) - CPT(2) _ (k+1) - CPT(3) .
* 1 CFT@ - oPT2) | oPT@ - crr( | CF@ 512789 9.
L -5 s5 s5 s5
s10—s7
3 s5 s5 s5 s5 s9
%y
k. | (x+1) - CPT(4) (:+1) - CPT(5) -
|- M C | CPT® - CPT@) © wpT(3) - CPT(5) | CF@ 312759 89
85 s5 s5 sd
s10—~s7
s5 s5 85 85 1 89
(k+1) - CPT(3) (k+D - CPT(5) .
*lePr@ - oPT(3 ~ CPT(@ - cpT) | CF4 512259 89 (D. 7-c)
s5 s5 s5 s5 y
s10-~s7
r s5 s5 s5 s5 B
(k+1) - CPT(3) %+1) - CPT(4) | ..
. 12=s9 s9 .
*| CPTGY-CPT() | Cri) - cpTia) | €F® 8128 8
L. 85 85 st £5 B
1087
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first fiducial time.

sll sl1
t= TO -tp
s11 s4 -
t_ = 1440 - 2 /n 781l
R
s-3
sl11

AT TR ey

sl1

If t s -480 then Atp = t + 1440

sll1

1

If -480 < t <t_ then At
R p

sl1 sl1
t - 1440

It tR < t then Atp

intervals.
sll sl1
At =48t + 2 (k-1)
k p
s-3 sl11
My =n At gy
sT -3 sl s-2
E&( = nnk € snxh%{ + A‘Ek
s-27*s7
s24 s24
Ak= A0+ AAk
524 sl s-3-—sl
= - €
u, A, (cos E )
825—~s24
- 209 -

s11

s?

s7

s24

s24

STEP E - Compute time between time of perigee and

sll minutes.

sl1 minutes.

STEP F — Compute sateliite coordinates at 2-minute

minutes.

radians.

radians.

meters.

meters.

(E. 1)

‘E.2)

s11 minutes. (E. 3)

(F.1)

(F.2)

(F.3)

(F.4)

(F.5)
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s24 si1
= i & 5 - g4 < i .
Vi Ak (sin Lk) s25 = s%4 s24 meters
s4 g-11s811
wk = ""’0 -lwA tk sO~ s4 s4 rasdians.
s24 sl sl
x! = cos w -2% sinw 324 meters
K w, T Yy Sinw, et .
s25—s24
s24 sl s24 el
o _ . . . -
Yy = 9 sin W + Y, €OS w . 525 meters.
s9
z! = N, s¢ meters.
s ! s
s4 s4 . -7 s11 s4 radians.
Bk = (ﬂo - AG)+(SI - we) Atk
[s24 sl ] [525 s-5 sl
- ’ _ ’ . s
XSk = | % cos#k Y Ci sin Bk]
s25-s24 s21-+g24
s9 sl sl]
Y4 - .
+ 1%k Si sin Bk $24 meters.
sl1—gZ24
[32’4 sl] [5253-5 sl]
- : ’ s
Y = xksm;’)’k +|y, Ci cos B
825 s24 s21-+s24
[SS') sl si ]
- 1Z% Si cos ﬁk s24 meters.
sl1—s24
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(F.
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7)

8)

9)

10)

11)

12)

(F.13)
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Z

825 s1 "sg S-
1 .
Sk= yk Si +

5
Lzl'( Ci }526-'324 s$24 meters.

84826

(F.14)

STEP G — Compute navigator's coordinates and partial

cos @

Nk

Nk

1]

derivatives.

= cos (cpf + A«pk) sl.

= sin (p, + Axpk) sl.
= cos (.\f + A)tk) sl.

= sin ()sf + Mk) sl.

s46 s2 s0 s2
R coszq{-l-(l-f)zsinz(p s46 (meters)z.
0 kJ

s48-+s46
s46

2 27 sl si
r4
[(R0 /Dk) + h’ |cos fpk cos lk s24 meters.
s23 825~ g24

r 846 323] sl sl

2 P .
i.(R0 le + h cos(Pk Sln)tk s24 meters.

s23 s25—s24
s48 s0 s23 sl
Ry? (1-1)?
——— +h'{ sine® s24 meters.
k
k
323
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¢
3 s92 s0
3 . 4 2
3 axNk RO (1-1) s23{ s1 sl
3 —~—= = -|———— +h’|sing cos) s23 meters/ (G.9)
1 %9 D 3 radion
k 525—s23
E SGQ
s92 s0
e 1
aYNk Ro4(1’f)2 s23 sl sl
i 5+ h’ kin ¢, sinz\k s23 meters/ (G.10)
Dy 525~ 523 radian
s6@
s92 s0
227 RO4(1—f)2 523
= +h’ | cose 523 meters/ (G.11)
op D 3 k radian
K 524523 e
s69
? s24
_);—F_l.‘. = - Y 524 meters/ (G.12)
radian
aYNk s24
= = Xy 524 meifers/ (G. 13)
radian

STEP H — Compute theoretical slant range differences,
partial derivatives, and elevation angle.

s24 s24

Xk = XSk - XNk s24 meters. (H.1)
s24 s24

Yk = YSk - YNk 524 meters. (H.2)
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s24 s24
Zk = Z'Sk - ZNk s24 meters. (H. 3)
s48 s48 s48
2 L2 2 2 2
Sk = Xk +Yk + Zk. 548 (meters)”. (H.4)
548 s48 s48 (1/2
s =|x2+72%2+27° 24 met (H.5)
" K K K s24 meters. .
£48 s48 s48
2 L 2 2 2 2
Rk = XSk + YSk + ZSk 548 (meters)”.  (H.8)
s48 s48 s48
2 _ 2 2 2 2
r.= = X_Nk + YNk + ZNk s48 (meters)”. (H.7)
s48 . s48 , S482 1/2
r, = }st + YNk + ZNk s23 meters 7. 8)
sZ4-s23
524 823 s24 s23 s24 s23
Y dZ
°5, -1|- ¢ XNk 3Nk Nk
= X 2+ Y + Z (H.9)
¥ S, Tk 93¢ k % k 3¢
524 523 meters/
radian.

s24 s24 s24 s24

_a_s__k |-l XNk Nk

FYY Sk-— Xk -—a—x-—- + Yk T s24 me’fers/ (H. 10)
radian.
s24
324 s24 324 s24 s24
) AR You ¥ 2k 2Nk

sin Ek = S T sl. (H.11)

k "k

s24 s23

- < - ) - - -

If sin Ek+1 sin Lk then sin Emax sin Ek' (H.12)
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STEP 1 — Compute refraction corrected measured slant
range differences.

g s23 s0

ko - Ny

STEP J — Form the C matrix.
— 823

s2 s21 s0
L -20f L
o o o

A s23 s23
€50 7 7 Skot | Skr1  Sken
s237s20
[32 s0 ]
CJl = -12.0 Lo
. s2—sl
s23 s23
C - aSk+1 + 2 Sk
J2 op ¢
s24 s24
o - . ask+1+ ° S,
J3 A A
s24-s23

STEP K — ¥%orm the A matrix.

]

s23 meters.

s20 meters.

sl meters-minutes
cycle

s23 meters/
radian.

s23 meters/
radian.

J - Number of rows in C matrix.

sl

@
rl
1
Bymw
0

s20

- 214 -

s21—+s23 s23.

s45.

s43—s45

(1. 1)

(J.1)

(J.2)

(J.3)

(J.4)

(K.1)

(K. 2)
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J 23 s20

230 © ¥ Cn3 Cmo  gaz~gaz S92 (K.3)
m=1 5297842
J sl sl

a,, = z le le 5255 s5. (K. 4)
m=1 —_—
J s23 sl

21 7 ¥ Cmp Cmi os2a-s27 s2u (K. 5)
J 823 si

831 % ¥ Chs Cmi s2a-e23 23, (K. 6)
m=1 Bet7sed

212 7 %oy (K.7)
J s23 823

22" % Cmz Cmz st6-s19 sas. (K. 3)
J s23 s23

g9 = T C_, C_, 5467545 s45. (K. 9)
m=1

a,. = aq, (K. 10)

asq = 3gq- (K.11)
J 823 s23

- 3 - . .
aqq i Cm3 Cm3 .346 s43 s43 (K. 12)

- 215 -

H




THE JOHNS HOPIING UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SPRING MARYLAND

STEP L — Solve for Af, &0, AA and update estimates

of f, ¥, andA.
s49 s27 s27

a, .
B1l1 = 490 " 254 :}-ﬁ
- “11
s5
s45 823 827
a
Bl12 = a -a L2
23 13 a11
s5
545 s23 s27
a
12
B10 = a - a —
2
20 10 a11
sd
s43 s23 823
%13
B22 = a - la,, —
33 13 au
s5 s41—s43
s42 s23 823
al'*
B20 = a_ ., -la,, —
30 10 3.11
83 s41—s42
s49 s43 s45 s45°
A = jBl11 B22])-1] B12 B12
892~-s91 s90-s91
588587
sd3 s45 s45 s42
A = (B22 B10 - B12 B20)
A
- s91
S% 8 s45 s45
AN = (B11 B20 - B1l2 B10)
A
s91

- 216 -

s49.

s45.

s45.

s43.

s42.

s91,

s-4 radians.

s-1 radian.

(L.1)

(L.2)

(L. 3)

(L. 4)

(L.5)

(L.6)

(L. 7)

(L. 8)
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s22— 523
823 827 s-4 823 g-1

a - (a.,))(Ap) - (a o) (AX)
af= 10 12 13 s18 cycles/
a .
11 minute.
85

s21 s18—s21
f=1t+Af where f = fo on first iteration s21 cycles/

minute.
s4 8-4-s4
<pf = (pf + A s4 radian.
s4 s-1-s4
)Lf = Af + AA s4 radian.
STEP M — Write out results,
34 s4
DILA = o ;- <pe s4 radians.
s4 s4
DLO = Af A s4 r:dians.
s21 s21
FRQ = f - fo s21 cycles/
minute.
sl1 s83-s11
TIME = T_. + 4 811 mirutes.

0

STEP N — Test for convergence.

If Af > 2.4 cycle/minute

or  if AP> 1.2 x 10”7 radian

- 217 -
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B

-7
1.2 X
or if Ax > -(-3—(—)2:—\5——1—9— radian
f

and if ITER < 10 then return to Step G. Otherwise geo
to Step O to edit doppler data or Step P to compute
alerts.

B R o T ¢ v ey ot X L

STEP O — FEdit doppler data,

. < o co
If sin EKM-k+1 sin 7.5° and (O.1)

. < o
sin EKM—k +1 sin Ek and

> t
NKM—k 0 then

NKM—k = 0 and

NDOP = NDOP - 1.

Or if sin E sin 7. 5° and (0.2)

>
KM -k+1

sin Ek s gir 7.5° and

>
Nk +1 C then

Nk+1 = 0 and
NDOP = NDOP - 1.

Otherwis» make no changes in the Nk table.

STEP F — Compute alerts.

ISTP = ’DAY-IDAY. If ISTP <0, let ISTP = ISTP + 365.
(P.1)

‘AN AN B N TN W Sk N Ap BN M W0 SN e e
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iy

Let TO = TO - 18, KM =1, DE(K) = 0, DA(K) = 0, (P.2)
DN(K)=0, 1=1,2,3,~---, ISTP, KDAY =1+ IDAY.

TN W IrT T

TR, SRR BRI

Execute Steps F, G, and H. (P. 3)
If E, S0 let To = T, + 10, and repeat Step P. 3 in- (P. 4)

Sl SO SEE

creasing T\, by 10 each repetition until E, > 0.

When Ek >01let T0 = T0 - 10, 1 epeat Step ¥. 3, and (P.5)

then execute Step P. 6.

ZRETARR

IfE, <0, let Ty = T+ 2, repsat Step P. 3 in- (P. 6)

creasing T0 by 2 each time until Ek 2 ¢, and then

b e g

execute Step 2. 7.

] k P=4 -4 = = = 3
r ; When Ek 0 let TO Z = RISE, Ek EA’ TO (P. 7}

TO + 0. 25 and repeat Step P. 3 increasing To by

0,25 and letting the new value of Ek = EA each

i = i < = i -
time until Ek E A Then E A maximum eleva

tion for that pass.

Write out day number of alert day, RISE time (. 8)
(hours and minut=z4}, and maximum elevation
angle for the aleri pass.

Let Ty = T *+ 10 then repeat Steps P. 3 through (P.9)
P. 8 incrementing I ard K until I~ ISTP indicating
that all alerts through the end of MDAY have been

obtained.
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Appendix C

“OUR-VARIABLE (VELOCITY NORTH) NAVIGATION

Se:«tion 7 does not inciude equations to solve for
velocity north or equations for relative motion inputs other
than those obtained from an inertial system (i.e., latitude
and longitude) or a system providing course and speed
data. This Appendix provides these equations and also
presents a method of assigning numbers to satellite 2-
minute messages when a real-time clock is not available.
This method may be used to determine missing messages
due to 1-ss of lock.

e TR s

EQUATIONS FOR SHIP'S MOTION FOR CONSTANT
VELOCITY OR DISTANCE TRAVELED

A table of navigator's latitudes (¢} and navigator's
longitudes (A}) is assumed available from Step B of Section
7. These table values may be provided by an inertial sys-
tem or from calculations based on a knowledge of course
and speed. However, there are situations where these
types of data are not pre««nt and therefore these tables
may also be construnted 17om information on either the
navigator's velocity (north aua e¢ast) or from distance
traveled using certain approximations. No study has been
] done on the effects of these approximations. However,
for the relatively small velocities encountered in ship-
board navigation their effects are negligible.

U I B B

N

Equations for Constant Velocity North and East

NV
o = <pj+2 9—‘—'%%——5 [(1+6(1-0.5 sin2<Pj)]

0
. LV 1-0.50 sinzlp.
k j R, cos @,

i : PRECEDING PAGE BLANK
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6 = f(2-1).

f = the value given in the table of program constants.

<Pj = and Aj are initial estimates for the position at time tj.
j is the value k = 3.

VN and VE are the constant north and east components of
ship's velocity given in nautical miles per minute. Ro =
3443. 934 nautical miles.

The factor of 2 appears because the fiducial time
points denoted by k are 2 minutes apart. The approxi-
mations are caused by assuming that ¢ and A are constant
velocity north and east and ignoring changes in the earth
radius during the time of the pass.

Equations for Distance Traveled

DNk - DN. 9
0, =@, + ——d (146 (1-0.50 sin“®.)]
k j R0 ]

DE, - DE]. 1-0.50 sin2 ‘13:i

>
n
>
+
w

k j R cos GDJ.

DNy and LUE} are measured from any fixed arbi-
trary point. These distances may be obtained from a DRT
plot, or as the range (Rk) and bearing (By) to a fixed point,
as follows:
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FIXED POINT

Bk Rk

DNk = --Rk cos Bk

DE, = -Ry sin B,

Additions to Section 7 to Solve for Velocity North Error

STEP G

Replace P by @ +2 <1>J. (k-j) in Egs.(G. 5) through (G. 11)
where j is the value k = 3.

Additional Input: Estimate of velocity north (V

to get estimate of

b - Vy (knots) _ rad
J 3443. x 60 min
3 3:
aXNk - 2 e 3 XNK _ & XNk
2. °¢ %0, 20,
J
Y e oY
= 2 (k~j) These steps are not
Q. °p necessary in the
J computation but are
‘ included for back-
°Z . °Z ground.
d (f)j
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STEP H

(%)

Sy

P

P,

o
—

OUTPUT: The C matrix for velocity north

o~

= 2 (k-j)

.;—1

(H.13)

(J.5)

(K.3.1)

(K.6.1)

(K.9.1)

[ P R Tl t JEN
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J
= T
343 " Cma Gy
m=1
214 T 24y
394 T By
334 T 43 -
J
= = C
a44 z Lm4 m4
m=1
QUTPUT: A Matrix
-am + a11 Af +ap.12 Ny + a13 AN + a.l4 Ay = 0
= + :5.21 Af -i-a22 A + a23 AX + LA Ay = 0
-a30 + a31 Af +a32 Np 4 a33 A\ + Ag, Ay = 0
-a40 + a41 Af +a42 Np + a43 AA + I Ay = 0
STEP L
Ay - a0 -[a41 Af + 3, Ap + 2,q A)t]
344

(K.12.1)

(K. 12.2)

(K. 12. 3)

(K. 12.4)

(K. 12.5)

(L.0)

Eliminate AY by redefining the A matrix at the end of

Step K and used in Step L.
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i=1,2, 3
a = a - ;a—ﬁ)- d a = g - fi?— a
i0 i0 a44 i4 i2 12 a44 i4
a = a - -Q—é-l- a a = a —f-4—:-3 a
il il a44 id i3 i3 a44 i4

Solve for A, AA, Af as in Steps (L. 1) to (L. 9).

Then solve

Ay from (L.0), (L.9), (L.7), (L. 8)

¢. = ¢, + Ay, (L.13)
J J

STEP N
It \A)'l 5>_0.02 continue (N.2)

3443. x 60, iterating at Step G

after convergence
1/2

V) = 3443.934 (cos? @+ (1-)? sin’ o) x60.

Programming Method

Figure C-1 is a flow chart of a direct search method
for implementing the velocity north soluticn. In this method
the 3 X 3 solution is obtained together with the value of the
sum of the square of the residual between the theoretical and
measured slant range difference. The value for velocity
north is increased from an initial value of zero by an amount
Av, a new fix solution obtained, and a new value calculated
for the sum of the residuals. The process is repeated with
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NEW SUM RESIDUAL? IS SMALLER THAN PREVIOUS

TEFARET S e e

VN =0
av =2

SOLVE
DEDIT
SOLVE

STORE
3x3

OLDSUM = NEWSUM

THE FIX
s Av <€
VNLOOP
NO YES
10 =0
VN = VN + AV AV -
AV = AV/2 SOLVE
- STORE
AV =- AV 4x4
VN =VN+AV
—_—-—-————’

NO Va SOLUTION

SUBROUTINE SOLVE
PROVIDES THE SUM OF
THE RESIDUALS
SQUARED ASWELL AS

Fig. C-1  VELOCITY NORTH SOLUTION BY DIRECT SEARCH
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]
14

1

R
=

Av being incremented so long as the residuals continue to
decline in value. The method provides for both positive
and negative values of Av.

NUMBER ASSIGNMENT TO SATELLITE 2-MINUTE MES-
SAGES TO DETERMINE MISSING MESSAGES

In order to majority vote the words from the satel-
lite messages, it is necessary to keep track of which words
represent the same paramete*». The words which represent
constant parameters do not change their position in the
satellite message. However, worus which represent the
time varying parameters do change their position from one
2-minute message to the next. Whenever 2-minute mes-
sages are missing due to loss of lock it is necessary to
know how many are missing. Otherwise the relative posi-
tion of similar words will not be known between any two
messages. Keeping track of missing messages is easy
when messages are stored according to a clock. However,
when a clock is not available some other means of deter-
mining missing messages must be used. The satellite data
may be used to assign numbers to each message using the
technique discussed later. These numbers are sequential
with missing numbers for missing messages and therefore
they accomplish the purpose of determining missing mes-
sages. Once this is done, majority voting of the time-
varying words may be accomplished. From these results
and an estimate of time (correct to 14 minutes) the correct
time of the first doppler interval is calculated. The dopp-
ler counts stored during the pass may now be associated
with the correct time interval by use of the message number
assignments.

The time-varying words have contained within them
a time integer modulo 15 that represents the time in some
half hour for which that particular correction is to be
applied. These time integers are sequential from 0 to 14
as time goes from 0 to 30 minutes. Each message contains
eight sequential time varying words (see Fig. 10 and
Table 1). These time integers could be nsed directly to
assign message numbers. However, tliere is no assurance "

€t et Seed  Ged Wved  foowd S oo eemi el vk e fd

R 3

- 228 -

|
|



2o

TRy

DNy tatae Lkl

phi A gl

IR ATYY

Pt md ed eed e wnE R A e

N eed

W

’
Trsers §

e e

THE JOHNS HOPKINS UMIVERSITY
APPLIED PHYSICS L ABORATORY

SILVER SPRING MARYLAND

that they are correct because of noise in transmission or
receiving. The following technique is used to assign num-
bers to the messages and will work when the bit error rate
is less than or equal to 1 out of 8, which is much higher
than normally encountered.

Procedure

Strip off the least significant time digit (4 bits) from
each of the eight {ime-varying wvords in the message of
interest. This sequence of eight numbers may have errcrs,
but it will be a subset of the sequence:

0123456789012340123456.

This eight-digit (32-bit) sequence is compared to a known,
errce -'ree sequence. The known sequence is shifted a digit
at a time until the number of bit errors cetween the two se-
quercces is less than five. The number of shifts required to
do this is the number assigned to that message.

Table C-1 shows the number of bit errors between
any two ( BCDX3} digits from 0 - 9. By adding the eight
numbers along the diagonal starting at the point defined by
the starting digit of the known and satellite time sequence,
one immediately gets the number of errors between the two
seiriences.

Table C-2 gives the results of dcing this calculation
on Tabie C-1.

Assuming the satellite message is error-free there
will be no errors when the two sequences are the same;
otherwise there are at least nine bit errors (by observing
Table C-2).

The sequences are compared on the basis of less
than 5-bit errors to handle the case when there are 4-bit
errors in a sequence which would normally mismatch by
9 bits.
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Number of Bit Errors between any Two

Table C-1

BCDX3 Digits
012

9

3

D U bW N O W N MO O YO WU e W N O

O e NN W O Bk NNW o= NN NdDwWw OO

NN W

[l

N W

N = o O W b W W NN e e O W

()]

LW N DN e e O

Q = N = NO e NN W RNV W o NS = N

6N W o= N

- N W

B W e DN e N = O N == Y DNW NN W= O N

et WD W W o O e = DN =

W OB D e e DN O ek e N

W DN W b W W N W O N e O bW W NN WD,

W o DN W N W oYW NN = NOC R W e NDW NS

Q-

&2

N W D W NN e O = W N W

o = W DN b W

DN W W o e DNW W b e WO NN W W e e

DN e DN N = s

N m= WO N e W N e O W

o

N W e NN WO NN WO = NN W =N DD

3

WD N = e O

> W

[ary

W DN N e o O WO = = O W

V]

N W o DN O e DN O NO = NN W RN W e D O

[SV]

I IV - U -

B W e DN e NN = O NN

O = S S S C R

Lo

W i O s e N e Dy = V= W NN W

w O |C

2

NN WO = NN LW O = DN W =N

DO L

1
3
c
1
1
2

o

[JVR S N e S W = e W W

[}

WO N

BN W o= NN O = NN

N W ok NN e N O DNNC = NDDNDW

O N e N R O N NN W N R WO N e NW

o

N W W b O ke N

- 7+

oy

W b O ik e DN e O et

e O B W W N WD

o~

- O b W W NN W W W NN W

W NI,

W OB W o D W DN D) e N ks W o DD

(3

QO = W W
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Beginning Digit of the Other Sequence
BOWw N R O O o U W N =R O

0

Number of Errors when Comparing Two Eight-Digit
Sequences Made up of the Least Significant Digits

1

2

Table C-2

of the BCDX3 Modulo 15 Time Sequence

Beginning Digit of One Sequence
3 4 5 6 7 8 9 0 1 2 3

FTOTTTETT P TTe e we R WS TTUYT OTT ST T T T T ST TSR e e

4

15
14
20
15
26
17
22
14
20

14
18
15
15

15
0
15
13
22
17
26
17
21
17
19
13
13
18
14

14
15

0
18
13
22
17
26
18
18
18
18
16
13
19

20
13
18

0
19
14
21
16
22
18
18
18
18
19
13

15
22
13
19

0
19
12
19
17
19
17
17
19
18
22

26
17
22
14
19

0
17
10
18
16
16
18
16
21
19

17
26
17
21
12
17

0
17
11
17
17
13
17
16
22

22
17
26
16
19
10

14
21
18
22
17
18
11
16

0
18
12
16
14

9
19

20
17
18
18
19
16
17
12
18

0
16
12
14
13

9

10
19
18
18
17
16
17
16
12
16

0
14
12
15
13

14
13
18
18
17
18
13
16
16
12
14

0
12
13
17

18
13
16
18
19
16
17
10
14
14
12
12

0
15
15

15
18
13
19
18
21
16
19

9
13
15
13
15

0
14

15
14
19
13
22
19
22
15
19

9
13
17
15
14

0

Errors
Min- Max
10 - 26
13 - 26
13 - 26
13 - 22
13 - 22
10 - 26
11 - 26
10 - 26
g -21
9 -20
10 - 19
12 - 18
10 - 19
9 -21
g -22
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Exumple

Applying the above procedure to the data shown in
¥ig. 10 the following time sequences are obtained:

4 012 3 45 6 forthe first message,
0123 45 6 7 for the second message.

Now if a left end around shift is done to the following known
sequence and the first eight digits are compared to the
above sequences, it will be seen that 14 shifts are required
for the first and 0 for the second.

o1 23456 78901234

' g

If a match to less than 5-bit errors is not obtained in 14
shifts that message should not ve used since it contains data
that are too noisy.
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Appendix D
TROPOSPHERIC REFRACTION CORRECTION

This Appendix presents the equations developed in
Ref. 11 that are to be used if it is desired to correct the
integrated doppler data obtained from the satellite for the
effects of tropospheric refraction. The correction for
tropospheric refraction Apiro is to be subtracted fronk

every slant range measurement. The expression for S

the measured slant range difference (Eq. (1.1) in Sec- ko
tion 7), would thus be modified as follows:
A A
S =8, -(&p - Ap ) (D.1)
kocorr ko trok +1 trok

where k =1, 2, 3, ---, KM .

The tropospheric refraction correction Aptro is de-
fined as follows:

Ap =T Ap. (D. 2)

{ro i=1,2 i

foeey

6 4_ )23 2 5 3 ca il ?
Ap‘=10 NT -ll+h 4{3r,r ll 13 ll 4rTrtroi 1(l 2)
t tro,
1
~ : 3
+r 213 - %y - 21 !a
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and

[
"

subscript indicating dry (d) and wet (w)
refractivity terms,

2
f

ith component of tropospheric refractivity

A b= U A )
PR ;
-

T evaluated at a location near the navigator's
antenna,
11 = rT sin E,
htro. - ho. ) hT’
i i
T'p = distance from center of earth to navigator's
antenna (km),
rtro. ) rT * htro. s
i i
12 = rT cos E,
1/2
2 2
Iy =l ")
i i
ho = height of ith component of the troposphere
i above the geoid (km),
hT = height of navigator's antenna above the
geoid (km)

(on ships, negligible error is introduced by
assuming hp = 0), and

E = elevation angle of satellite at instant of
slant range measurement (radians).

The dry and wet components of the tropospheric
refractivity NTi are determined as follows:

_7.6P

N —— (D. 3)
Ta Tk
N - 7.6 (4810 ) (D. 2)
TW T 2
K
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where TK = temperature (degrees Kelvin), P is total atmo-
spheric pressure (millibars), and e jg the partial pres-
sure of water vapor {millibars) measured at the navigator's
location. Alternatively, Se€asonal values for thesge parame-
ters may be used as obtained from stand .rd marine atlases
(Refs. 12 and 13).

The determination of tropospheric height hoi is
based on the assumption that the height of the wet  com-
ponent h°w is invariant with latitude, but that the height of
the dry Component h,, is a function of the navigator's lati-
tude @1, as given in the following expression,

2 .
h =h + A, sin ¢, , (D. 5)
24 o dfeq) d T
where by dleq) 15 the dry height at the equator and A 4 1is
the ampiitude of the variation of h, g With latitude. Values
of these parameters for three values of how are given in
Table D-1. A value of h°w =12 km is generally satisfac-

tory for use in all tropospheric refraction calculations,

Table D-1

Heigi:t Parameters for Two-Quartic N Profile (km)

h h A

cw od(eq) d

10 43.858 -5.986
12 4% :30 -5.206
14 42, 402 ~4, 426

ALTERNATIVE FORMS TO ELIMINATE
ROUNDING ERRORS

At high satellite elevation angles, significant
rounding errors occur in the computation of the expression
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T

for apy,., given in the preceding section, even in double
precision. Alternative forms have been developed, there-
fore, to eliminate the rounding error probiem and the need
for double precision computaticn. These forms, which are
presented in Ref. 14, are based upon the integral expression

4
NTi 10 (rtmi +,/.)4 dx
Aptro = J' - . (D.8)

h 4 . 2 271/2
( troi) _htroi [(Itroi 4 - 22 ]

Although this equation may be integrated in closed
form, it results in inacceptable rounding errors, as stated
above. An alternative form is obtained by expanding the
integrand in series form and then performing the integra -
tion. This approach eliminates the problem of rounding
errors. Two solutions are of interest: one for large
values of E and one for small values. Their respective
rvegions of rapid convergence sufficiently overlap so that
the crossover value of E can be left to tne discretion of
the user. In addition to the two solutions presented below,
a formula is given for estimating the error in truncating
t+ series to 2 fixed number of terms. For convenience,
the following parameters are defined:

Wl N rtro. + 22 ?
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Large Elevation Angles

_ -6
Aptro = NTi 10
. 0.8 htro tro
W;/Z _ 4 i i
1 W1/2
p+2
’ @ h'cro.
_ W‘/Z - 1 i (D.7)
p=0 p+6 W2
W p+2
A2F(p+1) |1+ —g-)
w
1
p W n+l
- T F(n) F(p-n) (—2)
“I
n=0 1
1
where F(k) = f2k —x -
k) (k+1)2
The recursive relationship
F(k) = 1/2 52—‘1:::-}1 F(k - 1) (D. 8)

may be used to generate the F(k) for any desired range of
values of k and eliminates having to compute factorials.
The remainder in the expression for Apy,., after

p = 2K - 2 terms have been 1sed may be estimated by

. (2K +1)

-3k/2| O
2 w

i 2

R <4x10°%nN Wll2

Ap T . (D.9)

- 237 -




THE JOHNS HOHKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SPUNG MARYLAND

Small Elevation Angles

-6
Ap—NT_xlo
i
w,’ [w 1/2
_p ra—2[ Lo
1 h 4 VVz
tro.
i
3 n 3
T (-1) \n
n=0
h (2n + 3)/2
tro.
2 1 - 11 -
“12n +3 W2
-]
P F(p) 1
Y2 T s [ pr
p=0 1,
VV2
(2p + 2n + 5)/2
h
/ tro
i
J1-11 -

The ~emainder after p = Zk - 1 terms is given by

5

(D-10)

2% +3/2)
6 ¥ k2 [ Y2 (.11)
R <N_ x10 2 —2 .
troi
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APPROXIMATION FOR SMALL COMPUTERS

The computations of the full expression for tropo-
spheric range correction presented above require a fairly
.. large computer., The following grectly simplified expres-

' sions have been developed for use where the computing
facilities are limited.

T"12 total range correction Ap,,., at any €levation
angle (i. e., any data point) is computed as the sum of the

so-called "'dry" and "wet" components, here subscripted
d and w:

2
i
3

; 2
Aptro (Aptrc)d * (Aptro)w ’ (D.12)

P The simplest available approximations for the components
E are based on Ref. 15 and are as follows:

(Aptro)d = 2,31 x 10 E +e
(D.13)
6

-3
(Aptro)w =0.20x 10 " cs E +

where E is the elevation: angle of the satellite slant range
vector and 64 and 6, are empirical parameters (angles);
values will be given below. Equation (D. 13) should be
used only at seu level stations (ships or near-sea level
land installations); the dry component of Eq. (D.13) is
based on standard sea level pressure and the wet compo-
nent on a marine rather than a continental climate.

For a little more accuracy, the following can be
used instead of Ea, (D, 13):

(Aptro)d K P csc ‘/E +6d z
(D.14)

(Aptro)w —K csc E +e
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Here P is the observed local pressure (near an-
tenna height). The parameter K4 is a constant and its
value has been quite precisely determined from upper
atmosphere data and theoretical considerations. Its cur-
rent best value is Ky = 2,278 x 10-8 km/millibar. Using
this value and the pressure P expressed in millibars,
(Aptro)d will be in kilometers,

The parameter K,, is not a constant but varies with
latitude, season, and weather, An estimate may be made
on the basis of qualitative observations and the observed
average values presented in Table D-2,

Table D-2

Values of Kw for Selected Places and Times

Kw Place, Time
0.28 x 10 -3 km Tropics or midlatitude summer
0.20x 10 -3 km Midlatitude spring or fall
0.12 x 1073 km Midlatitude winter
0.05x 10 3 Polar regions

The needed total range correction Apyp, for a
single arriving ray is approximately 2. 5 meters in the
zenith direction and 90 meters at the horizon. The sim-
plified expressions of Eqs. (D.13) and (D. 14) are not
very good at the horizon but are very good approxima-
tions at elevation angles higher than 5° and quite good as
low as 2°, with the following parameter values:

Od = 2,5°
Gw-1.5°.

Uncorrected tropospheric errnors do not affect navigation
in the along-track direction unless there i{s a preponder-
ance of data at one end of the pass, When symmetrical
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amounts of dat= are present at both ends, the uncorrected
troposphere affc.:s only the apparent slant range (or coor-
dinates dependent on it).

The average tropospheric effect, if uncorr=acted,
pushes the navigator's position, obtained from a whole
pass, approximately 20 meters toward the orbit in sl nt
range for a high pass, and nearly 80 meters for a 15°
pass (elevation 15° at closesi approach). An crror of 1%
(10 millibars) in the pressure P used for the dry com-
ponent in Eq. (D. 14) affects the total range correction by
not quite 1% (both the point-by-point correction and the
effect on navigated rangej. An error of 9.1 x 10-3 in the
magnitade of K, (e.g., 0.20 x 10°3 instead of 0.10 x 1075)
affects the total range correction by approximately 4%
(both point-by-point and the effect on navigation).

The dry component generally contributes 90% or
more of the total tropospheric correction at the higher
angles (though the relative importance of the wet contribu-
tion increases at lower zagles, especislly below 5°), If
local pressure is known to a millibar, the error in the
dry component is negligible aside from the cosecant fac-
tor, and that error is small. Most of the uncertainty is
due to the wet component, which (fortunately) is itself
much the smaller component. The residual error in us-
ing Eq. (D. 14) should be under 10% on the average.
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Apperdix E

COMPUTER PROGRAM FOR GEODETIC COORDINATE
TRANSFORMATION

The following section is a paper which describes a
technique for performing Geodetic Coordinate Transforma-
tions between ellipsoids., Although the procedure that has
been developed employs approximations, it is felt that any
inaccuracy introduced by these approximations is out-
weighed by the simplicity of the resulting equations.

The technique described has been programmed in
Fortran for the 7094 computer, the Hewlett Packard
2115A computer, and also the Honeywell H-21 computer.

In order to improve the accuracy of the computa-
tion some minor modifications have been made to the
equations. These modifications are described, A Fortran
listing of the program and a sample printout generated by
the program are also presented.

PRECEDING PAGE BLANK
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The purpose of ibhis paper is f0 dissemirate results of techniocsl
;_ resocareh to aotivities engaged in geodesy and related widjeots.
§f The opinions expressed in this report are thoss of the writer
£ ansd should not de consiruséd as neocessarily ocoinciding with Air Poroe
2 £ dootrive. %5 writer alone asstwmes the responsibi. .ty for the vali-
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Th.s report does not oontain in‘ormitica or material of a oopy-~
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1. Purpose. The purpose of the tests war to deteraine the acouraqy
and the adsptability to eleotronio and machine oomputing of two for-
sulas for transformation of geodstic data botween refr :enoe ellipsoida.
These foraulss are designed fors

ai Tramsformation of latitude, longitude, and geodetic height
(reg. [5) and App. B).

b, Computation of sbangss in geodetic distance snd ssimuths
dus to tramaformation of ooordinates (ref. [6] emd App. C).

2. Participating Organisstions. The 1373rd kapping and Charting

Squadron (Dats Control Division) provided position and inverse compu~
tations performed on RI00LP II computer. The 1331st Geodstic 3urvey
Squadron (Date Reduciice Division) performed head cosputations as

well es electronic transformations of ooordimates on RPC 4000 somputer.

3. Qeneral irformstion.

a. 7Tas forwulss of Appendizes B and C constitute & projeotive
sethod of ohange of ellipecid, as distinguished from developamt
nethods of earliev days. Tie oharecteristies <f the two kirds of
solution are cumsarised below.

b. Figus 1 shows points P sad § in spses sad & profile of &
perpedicular seotion through these points. Curved lines represent
ollipeoid and geoid surfsoes
and straight lines repressnt
norsals to sliijecide, dashed
1ines referring to the 014 ellipe-
oid. The azss of 1 twe 21lipe~
oids are sssummed o de sutually
parallel. P, and Q, are the pro-
Jootions of P and Q upon the old
ellipacid and ?. [ % are their
projectiost upon the sew ellipe-
oid. The seperation of eilipeocid
swfsces at P is given by the distemos P p, & 3P . With & sinilar
situslion existing at Q. The geodatioc distance on the 014 ellipecid
umm!oq‘nduthmcuuuuuut‘ » The straight
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1ine (spatial) distanos PQ remsins obviously the same before snd
after the tramsiormation.

0. It is seen from Figure 1 that tke effect of a projective
sethod of transformstion is %o replace an¢ reorient the veference
ullipsoid, leaving all points in the same position in spacs a3 they
werv before the changs tock place. It followe that the angle between
any two straight lines joinins poin.s in space aus‘t b %‘he same before
and after ths tranaformation.

d. Tbus the projeotive methods approach the problea in a truly
rigorous way but they oannot remove the errors enisting in the net
dus to errors of the survey, which includes errors caused by the
reduction of distances %a the geoid instead of the ellipsoid.*

o. Errors dus %o redusction of bases to the geoid instead of
the ellipsoid are negligidle in geodetio nets of licited extent if
the ellipsoid fita the geoid reasonably well and if the two suriaces
esoinoide at tue origin. Herring, ref. (2], states that in the United
States the seoid departs from the ellipsoid by only 1 meter at the
distanoe of 30° from Usades Ranch. Taking 0.5 = as the aversge de-
parture, we oan caloulate the arro; in geodet.s distance due to this
separation as less than 0.3 m at 3000 ku, or 1 part in 10 aillionm.
This is much less than the oxpected error in measurement of a single
line in Hiran trilaterstion and oertainly much less than the error
expected to accwmulate through random errors of obesrvation even in
a most precise geodetic survey.

£. The development methods of transformatior, such as are g;aven
in ref. [3) and {7], disregard the separativn of geoid and allipsoid
surfaces and oconsider the distances and angles as the saae on both
ellipsoids. The effeot of a development met! s to reoompute the
net puint by noint ou tho new ellipsoid wsing cld odssrvational data.
Any point taria at random ocannot be transformed until the conversion

#7he rise or fall of the geoid with respsct to the ellipsoid may de
obtained by astronomic or gravizetric surveys or by a oombination of
Soth sethods, Astronomio detsrmination of geoid heights requires
observations for asi.onomic latitude and longitude at numerous stations.

2
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has been ertended to i1t from the origin. The new net will mot satch
the o0ld one, that 1s spatial distances an? plane anglas wiil be
changed in transfcrmation. Tke developsent ncthod may be oonsidered
proper for local nets when the new ellipsoid 1e assumed to fit ths
ge01d better thar the old one but, when viewed as a transformation
metuod, it 18 an approximation and on anconvenient one. It fails

ir. transformations of gzlobal extent, in which case the departure of
the geoid from an earth-centered eliipsoid of best fit say be quite
large in any given area, such as Y0 meters or more.

4, Testing Procedures.

a. Starting froc stations 20, 50, and 80 1n latituges 20°, 90°,
and 50°N respectively and in longitude 65°E, position computatiors
were performed on Clarke 1866 Ellipsoid at distances 2000 ks and in
==1muths 90°, 135°, and 180% as eshown in Pigure 2.

d. In each group the oends of the lines were connected by inverse
oomputations to form a quadrilateral with diagonals.

c. All stations were transformed to International XEllipsoid
orianted with 3x » 90,504 m, &y » 108.33) =, and 8s « 100.000 m.
This sepaxation of ellipsoid centers

s somsputed fros arbitrary data at gg gi
the ori_in chosen at § = 40°N, A = 5°5. 20 21
Geodetic heights at stations 22, 52,
and 82 were sasumed as 1000 ® and at
all other stations as sero. Tae trans- 83 522
forsation forsula used was that of ref. 53 2z
{5] as shown in Appendix B. Results 3

Pigure 2.

are shown in Appendix D.

d. Changes in distance and asimuth were oomputed sver all
lines, us‘.g the formula of refexence (6] as akhown in Appendix C,
Then, using the International Ellipsoid valuss, rigerous inverse
oomputations we: e perforsed over all lines. Resulis ars showm in
Appendix K.
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e. The 1381st Geodetic Survey Squadron additionally tested the
soordirate transformation formuls egainst the Vening Neiness for-
auls Yy translating all stations from North American 1927 Datum to
WS 60, using doth progrems. The difterences in results are shown
iv Lppendix D.

9. Ans: sis of Kesults.

¥r
—w wan A8 Y W
-3

s. Bef, [2] analyses three projective methods of ocordinate trans-
E formation; the spsoce ocoordinate transformation formuls, Baldin: for-
: suls (1ef. [1])), and Vening lieiness formula {ref. [(41). One of the con- -

olusions reached is that the Vening Meiness foraula is the least acou-
rate &’ the three.

-

; b. Ref. [5) oomgzares a proposed formula with the Baldini and
- Vening Meiness formulas and cc.oludes taat it is the simplest and
; e the most acourate of t'e thres. Its simplicity for doth eleotronio
- : and sachime computing is due chiefly to the faot that it takes advan-

tage of several oconstents whioh are precomputed onoe and for all for

any partioular ohange of ellipsoid. In sddition, it permits acowmuls~
=F t1on of products without the necessity for recording int~rmediate re-
sults,
-

Its acouracy in such oarse as may occur in pract.ce is showm
to de of an order of 0.05 = at a Aistance halfway arcund tke world
3 - e from the origin (exoluding areas in the immediate vioinity of the
3 ’ poles), with errors varying very slowly between distans points.
- 0. Appendix R rhows the largest errors for a 2000-km line to be
: 0.010 ® in distance and 0%.0014 in asimuth, which Tepresents propor-
tionsl errors of 11200 million and 13140 million rerpeotively. How-
over, in rigorous computations the disagressent detwee: forvard and
inverse oomputation results was found to de up to 0.005 m 1. Aistanoce
T -thoO".M'lhm.WmM'Ilmuoolm(J)
oamno$ all de eorrect %o the last figuwre given. Consequently, aotual
i errors should be saslier than those shown in ocolumm (5). Slightly

larger errore are %0 bo expected vhem the change of the ellipsoid
48 sore violent than that showm in this exasple.
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d. The coordinate transforwation formula of Appendix B is very
wsll suited for both electronio and machine cosputing. It was pro-
graassd for the RPC 4000 computer dy the 1381st Gecdetic Survey sSquad-
ron quickly and without diffioulty. That squadron reted band ocospu-
tations inwolving this formuis on a sosle of increasing difZioulty
from 1 (represented by Hiran sinimus sum oomputation) to 10 (repre-
sented by Hiran AH and AN oomputation) and gave it & rating of 3.

The average time for oocpleting the ocaputation form was determined
as adout 25 minutes.

e. The formula of Appendix C is sasy for use with a oaloulstor
dect.use of Tevw significant figures and no interpolation required.
The 1321st Squadroa gave 3t & rating of 5 ca the same scale of diffi-
oulty 88 in paragraph 5d efter determining that the sversge tise
neosscary to oomplete the form was adout 40 minutes. It is delieved
that this rating is s little too pessiajistio and that ~omjutations
should be ocompleted within 30 minutes, partiocularly for short lines
5T when lesser acourscy is soosptable, as in Hiran trilateratior.

£. No programaing of the formuls of Appendix C was undertaken,
but 1t is Delieved that this should present no difficulties, The
ocomputer tisme should de a frsotinn of the time required to rwn am
inverse oomputation. If this foruuls wers to de programmed separately
in the form as given hsre, it would require an input of saveral quan-
tities {0l1d positions ani elevationo, changes in ff, A, sni H, old
distance, and 0ld asimuths). However, it could de progremmed in one
paclage together with the ocoordinate trapsformatiosa formula, in vhiok
oase the only additiomal input data would be old distamos and old
asiauths,

6. Conolusions.

a. The formulas of Appendizes B aad C can de advantageously
sdopted for hand oomputiag vhen the electionic computer is inopere~
tive or in use for higher priority projects. In this case all ocon-
stants should de precomputed and printed om the computation form.
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Alternatively, £ the sotivity conocerned has ocortaot with seversl

ellipsoids, the several cets of comstants can De shown on & separate
oshyet.

b, The formula cf Appendix B can be progreamed for an eleotronio
computer in & fow houwre, or im much less time tkan it took to type
this report. Fros the scouracy point of view the Vening Meiness
formula which many activities now use is sstisfaotory. However,
after a new world geodetic system is prescrided, as will oertainly
bappen in the future, there will be no reason for wiing the Vening
Neiness formula, sinoe vasier and more socurate methods are now
svailable,

6. The formula of Appeadix C osn be evaluated by sach aotivity
oconoerned to determine whether .t would be sore profitable to progras

1% or to ocontinue tc use inverse computations, depending on operational
requirements.

- 251 -




THE JOHNS HOPRINS UNIVERSITY
APPLIED PH{SICS LARORATORY

SuviR SPRING MamvLaND

APPRYDIX A
WOTATION

# A = geodetio latitude and longitude. A positive eest.
B e heigh* of point above e1lipsoid (geodetio height).
a = asiauth of ths geodesio, clockwise fros north.
S = geodetio dis%anoe.
s, b = major and sinor semisxes of the ellipsoid.
e e (a2 « B*JYa « tirst ecosatricity.
s - 02/(1 - 02) = the square of second zcoeatriocity.
X « radius of curvature in the prime verticsl = a(l1-e’sin’p)%.
R « approxisate radius of the Barth.
4 - i(;o +a).
¢

- i(‘o * ‘ﬂ).

X, ¥, 8 = Teotangular spaoce ocoordinates, i.e.
x « (¥ « H)cosf cosh
7 = (¥ + B)oosf sinmk
s« (¥~ o) + Hleirg.

5, 55, LEe g -, oto. = shi*ta In lstitule, longitule and geodetio
height. &K is the hergat of the 214 ellipsoid adnve the
new one.

8x, 87, 53 = rectangular oocsponents of separatiom of 0llipeoid ocembers.

&,8.2 -qn-oom.:-oi.

Se, 28 “a'%““su'so‘

Subsoripts 0 anu n refer to the old and the new ellipecid respestively.

Subsoripts 1 and 2 refer to the ends of a geodetis 1line. 6, 1 the

torward ssisuth and &, is the dack asisutd.
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APPRETIX B
FORXULA POR TRANSPOEMATION OF CCORNINATES
Te osmpwis changes is latitude, longituds, and geodetio heigits

4 o (s 000 ¢ Azlm)lul + Ayooef )V + (A‘nazﬁ + Ag)sinfoosd (1)
8" =~ (Aystmd - 4,0000)V seef (1t)
= (Byeem + B eink)cosf + Bysind + Byein 2§ « Bain ‘9. ¥ (10)

To esmpuie the separation of ellipecid oenters i changes in lati-
tule, longitude, and geodstio height are lmown at any points

& « (C 0106 coaff + C 3%)s1nf com {1 C5A% nA 0(830c3)mhjoo|¢ {2s)
Sy - 6(0;.1# cosf « C,5")s1nf -m«{- Wik eear 4(8&53)oﬂ]m¢ (2v)
s e - &(cluai ooof + c.&ﬁ-)oo-! +(3 + D) + Dsin 24 « Dysin ¢)-m¢ (20)

The following are comstants whioh may be precosputed:

WYX

Areid

et

VT R AR PRI R 10 I RO LT

Bomed e feeug g Seey Wew SEE BB AR e

— Ay = ~ (a0 1%/8) &2 Cy = # & Ba e H1ed)d B0°
", Azu-(uo 17/8) &y Cp » -~ & sin ¥
‘ ; A3 = {omo 1*/3) s R
. ' a4y = -4 € ome 1% 82 Dy = (1 = #(1-8)18a ~ b 8
i ; Ag = [(8/8)5a + (2d)86° Yoo 10 D, = -Bg
i 2
; )1 e dx DS . - i 7Y
i ; B, =8
l- E 3.3 = 5s
; Bedtiespased
- Mot Plasiaesd
% i ’6 s=fe
. . 2441t3caally, \'-xol(l-fm{)mauoz-ie-md
! ¢ Above oqusnou are appliocadle to & point on the surfaosz of the ellips-
3 PR 01d. In s genersl omsa of a point at height B, aultiply each tere in 5¢
3 ! m&.uoq.(z)by(lo! )Mthoruultlotoq.(h and (1b) oy
: (1-8/8), where 1/R & 0.15 meters. LRlevation above geoid mey be
. ". sudstitated for B without :ntromm an appreociadle srror. Pive-figure
y computations are sufficient.
1 I
b L
: £
§
; I
3 :
]
£
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APPRNDIX €
PORXULA FOR CHAMGHKS IN DISTANCE AND AZD.UTHS

C.-GIQCZ

Ta l(l - (2 - oooc.)oo.zi(ﬁlﬁfz) - 1»

9 =3/r

nnﬁ- - unqoolio . cotﬁlunio oosay

sindA = singo -‘.nulua¢.

Agehmrar

Nov compute 5B for (¢., Ay) by eq. (1o). Then

86 - (88, » 458 + 832,\/6

8S = .Q8H + B cosa, 5§, + Eyoosa 86, + (HBA) - 5,8A,) ccag sina,
Te(R-B)/s-20(e350)

U = sina)5p; ~ cosf,c08c B0y

Sa, « sinfl 30 + 0 -~ % Ozooﬂluinal(oo.ﬂlooml -%- % unﬂl)&z
Mk UCATLR Y

To compute 5a,, use (11), (12), and (13; with sudscripts 1 and
2 reversed.

§§ and SA are in radisna,
Por lines up to 250 km omit the 93 ter= in eq. (11) and use
e, = '”‘1&1 * e h Ozoolzi(ﬁloﬁz)um.&z

- # ¢ cor®i(fyof eine /e
Por grouad triangulation lines omit (6), (7), and (8) and usa
S - #(38, + &)
For lesser acoureoy, &8 in asrial electronio trilatqration, use

only the first term of eq. (10), smit the term in in &g, (12),
and omit the last terwm of eq. (13).

Pive~figure somputations &re sufficieat.

App. C, pg 1
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A more conventent form of equation (6), not used in test

oompusations, is

ssng, = Hsird, » s1cd,)secle

Pursher siapli”ications of equations (6) and (7) sze schieved

Wy using for lirep of intermediste length
o1, = Horof, + o1xy(1 4 3 0°)
ainsh « § 0 sins secd (1 - 3t 0°)

Bquations (6') and (7') were not tested exteraively but it (e

believi1 that the ervors in SF_ ‘us to the‘r approxivations

will nct ohange the final resuit by more than 0.005 m at 1090 im.

App. C, 38 2

(64)

(6*)
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I.
STA
20
21
22
23
50
51
52
33
80
81

82
83

1.

APPENDL D

RESULTS CF TRANSPORKATION OF COORDINATES

]
20002000008
18 58 51.75974

é 50 01.2011

155 10.2032
50 00 00.0000
46 46 45.2454
36 01 24,5469
31 59 26.3418
80 00 00,0000
69 33 49,1212
64 03 27.2886
62 04 27.4728

Prom Clarke 1866 to International Ellipsoid dy Vin
space coordinate methods. 8x, 8§y, and 5s as ahove.

A

65°00° 00%00008

84 01 51.1926
17 41 18,3625
65 00 00.0000
65 00 00.0000
91 43 14,1278
80 37 35.9501
65 00 00.0000
65 00 00.0000
126 44 47.5999
94 49 06.5703
65 00 00.0000

a

m, 88 « 200,000 m.

k=4

O0s -1%5188

g [ 4
O§OOO OOO§O

-1.0883
+1.0234
+2.7863

5.9800
~3.0107
-~A.2157
~3.8651
-5.3982

8
«1%2591
-2.7056
-2.1398
-1.1843
-1,8378
A.4363
«2.8769
-1.3943
-6.7941

~2.9561 ~12.7110

<5.2304
~6.307

=T.3474
«2.5208

Proe Clarke 1866 to International Ellipeoid by Vinoenty method.
ox = 90,904 a, 8y = 108.3%

58
=36.124 =
-53.102
-A7.432
-A1.888
103,062
~114,13
-74.939
=53 794
-201.505
-203.195
~166.210
-143.585

mgy and emact

¢ = 40°00*00%0000s,

A = 95°0070020000%, B = 0.000 m. (The exact metbod uses egustions for
X, ¥, and 3 a8 shown in Appendix A and their inverse foras, e. g. [5]).

Neiness methods,
Meinesn) are given.

Brrox

m o

20 4090029
2 40,0028
22 +0.0016
23 +0,0000
%0 <0.0042
5% ~0.0039

S\
(1) Vincenty 09%“0 ATZH6
(2) Sxmot

a8
4020006
40,0010
40,0008
+0,0005
+0.0008

+0.0026

7Y
52
23
80
81
82
83

- 256 -

- |

«229.701 a
19,2442  .A.2156 -229.696
0.0002 0.0000

0.005 (Total error « 0.007 =)
III. From Jorth Americer 1927 Datum to ¥33 60 by Vinoenty and Vaning

AR

A

~070039 +020012
<0.0038 +0.0006
-),0023 «0.0031
0.0022 +0,0040
«G,0032 «0.0026
0,003 +0.0012

Only the differences in results (Vinocenty ainus Vening
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e APPENDIX B
l RESULTS OF SRAISFOF#ATION OF AZDIUTHS Ab) DISTANCRS
Clarke 1886 Iutarm,
Line Pwd. As. Pwid. As. Change Vinoenty Error
Baok As. Jeok As. Formuls
Geol. iistance Geod. Dist. (2)-(1) {4)-(3)
N ¢9) 2] 3) (&) [€D)
20-21  9°%62'0020000  597805C -0%1940  -071540 070000
216 < 09.3(89 08.2714 -1.1075 -1.2073  0.0002
2 000 WO.000 m 12,762 8 13.762m 13.765a 0.002 m
20-22 1% 00 00.0000 59.8040 <0.1960 -0.195%  0.000
317 58 31.2¢4¢ 30.8384 «0,4062 -0.4048 0.0014
2 000 CC°.000 12,417 12.417 12.427 0.010
20-23 180 00 0U.0GW 99.7576 -0.2424  0.2424  0.0000
0 00 00.0000 99.77120 <0.2280 -0.2280  0.0000
2 000 000.000 11,213 11.213 11.205 0.008
21-22 207 54 01.8411 07.1994 ~0.6417 -0.6421  0.0005
26 28 33.6267 33,0881 -0.5386 -0.9396  0.0010
I 1509 168.813  80.450 11.637  11.63§  0.001
. 2123 229 51 45.3838 44,8281 ~0.5547 0.5590 0.0043
46 26 5 .4873 24.9631 -0.9236 -0.9280  0.0044
2 804 T10.238  23.445 19.207 19.187 0.020
22-23 249 28 21,3893 £i.224 +0,0421  +0.0426  0.0005
€8 30 04.0390 03.6669 -0.3721 -0.37T11 0.0010
- 1509 158.629  69.019 10.39¢ 10.345 0,005
50-1 90 00 00.0000 50.5315 ~0,4685 -0.4684 o0.00Ci
290 08 4L.8458 a4.6888 A,1570 -4,1563  0.0007
I 2 000 000,000  34.001 .00 M4.,009 0.008
3 20-52 135 00 0C.0000 59.3588 -0.6412 -0.641>  0.0C03
3 46 29.9818 27.5698 2.420 2.45 0.0005
2 000 000,000  27.606 27.606 27.610 0.204
90-5 180 00 00.0000 55,7793 =1.2207  -=1.2206 0.0001
: 0 00 00,0000 .9.3739 ~0.9260  -0.9260  0.0000
F 2 LD 000.000  2¢.108 24,108 24,108 0.000
21-52 221 39 08,1528 04.3225 =3.3413 3. Me4 0.0009
M 16 12.202 10.6256 -1.6196  ~1.61*3  0.0002
. 1509 296.»2 18,582 22,2 2.227 0.003
21-53 243 42 55,0029 51.1367 -3,8662 -3.867¢ 0.0012
3 46 2 26.9819 56.1810 «),2009 -0.2032 0.0023
4 . 2 804 §50.319 86.501 36,212 36,222 ¢ 010
I 9253 57T 16 44,4955 42,3468 «2,1087 -2.109¢  ©0.0007
68 29 46,0606 43.7173 83 3489 0.0006

<, 0.
1509 2i6.2¢49  91.3¢6 15.1% 15.1% v.003

i
§
Lo
fed
o
[

- 207 -
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PeL D9 - “uh10 040002

(1
Bo-61 4o 0u 0020000
330 10 00.3141

e
082
. 80-81
M 81-82
81-83
82-83

2 000 900,000 »

135 90 00.0000
243 41 24,3278
2 000 100,000

180 00 00.0000
0 00 00,0000
2 000 000,000

261 40 39.063%
152 10 46.2197
1 509 414,654

283 44 36,1541
46 25 25.4062
2 804 987,582

275 12 01,2004
168 29 23.3947
1 509 407.176

2 o
47,6204 -12,7542
63.966 = 63.966 »
54,0318 ~5.9622
16,9554 ~7.334
51.119 51.179
53,4949 -6.5051
57.9863 -2.4137
54,216 54.216
26.8843 -12.1791
39.8743 A
58.589 43,93
23.3688 12,7853
24.0379 -1.

814 T1.292
53.9452 ~1.2632
21.1120 -2.9827
43,004 36.668
- 258 -

12.7542  0.0001

63.965 m 0.00) ®»
S5.9622  0.0000
~1.3320 0.0004
57.1713 0,006

-6.5048  0.0003
-2.4134  0.0003
54,211 0,005

-12.17189  0.0002
«6.3%454  0,0000
43,934 0.001

-12.7849  0.0004

~1e

0.0004

17.297 0,005

=T1.2631  0,0001
-1.5826  0.0001
36.672 0,004
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FORMULA FOR TRANSFORMATION OF GEODETIC
COORPINATES

There are seven parameters used in this computa-

tion which speify the datums involved in the transforma-

tion.

1.

o

Ap

Fe

AN

EN

X

DY

DZ

They are:

The semimajor axis of the reference ellipsoid
in the orignal dat. ..

The reciprocal fl .i2ning of the reference
ellipsoid of the osiginal datum.

The semimajor axis of the reference ellipsoid
in the new datum.

The reciprocal flattening of the reference
ellipsoid of the new datum.

The x-axis origin offset between the two
geodetic systems.

The y-axis origin offset between the two
gecdetic systems.

The z-axis origin offset between the two
geodetic systems.

The equations which have been implemented in the

program, GEOCN (Geodetic Coordinate Conversion Pro-
gram) are:

"

b0

61"

6H

[ [(Al cos) + A2 3in)) sing + A3 cosp] V+ (A4 sinch + As)

. H
s c 1 -—
i osgo] [ vy ]

. w H
[(Al sin) - A2 cos)) m] [1 ~ E]

{DX cos\ + DY sin)) cosp + DZ sing + 84 sin2¢+ Bs sin4q: +B

(s 2 aiein S Y N e

LIS

[ TPV

f—d

e emam R G SR O EEE e i i et B B

-t
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where
1"
A _ _g&sc(l ) DX
1 a
A1
A - csc.(l l DY
2 a
1"
A = &_) DZ
3 a

-0.5 (é csc(1") de2)

>
"

>
1

[(g-)da-f-(l +€)de2] csc (1)
= 0.5 (4 de - ¢ da)

=B4- aez-(O 25)(a - € ° dez)
= Ap- AN

1+&Q1 - 1.5 sinX(9)

1-0.5 ¢ sin’(p)
© = Latitude of reference position in original datum.
A = Longitude of reference position in original datum.

H = Height of reference position above reference
ellipsoid in original datum.

Frcm the preceding paper:

a = 0.5 (Ap + AN)
2 2.1/2
e _{a -b’)
a
2
€ = S
(1-¢%)

- 261 -

ao & Al et Oeatedsiiui o Chisdd itk Lfadibiriss R aaiaat Iy St et Sl it g Rk gy & T I I TATE
e RO ISK W S st PO TN NE s Tt e I euadatand  taixs o el g R R N e bt o
AN AR B ST AT e OF a T Tl 2 AR AT LA r ot Iy YIS B B E R vt PTAAS ) N fr oRatad g
SRR ox AP A Y, P e AL % bt o Y 0 AT, L & A R SR AR o3 3% oy TLea & GON 5 P
M I O e e e -l bed G e O O D) B B I AN aes
~




r—t— *

THE JOHNS HOPKINS UNIVEHSITY
APPLIED PHYSICS LABORATORY

SILVER SPRING MARYLAND

. .= +
é 5 (ew en)
d = a -
a an a(p
de2 = e2 - e2
n o

But for an ellipse:

n = a(l - %)
a = Semimajor axis
b = Semiminor axis
f = Reciprocal flattening.
Then:
f-1
b = a ('-‘f—)
b1
a f
and
a -t
b f-1
2 _a2_b2 -1-.b_2.-_-1- .f.:lz
€ = T3 3 f
a a
2
-1
) &t (T)
= = =
1-e” 1-1 .-.(.t:.-_l.\uz
\T )
- 262 ~
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£
¢ - () -1
.f;_l_2 o1
T
Y VAR A
€ T 2 1\ Fo1 FN-1
42 - 1~\p-1]2 FN-1]°
M R FN
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FORTRAN LISTING

.

1 FORMAT

2 FORMAT

3 FORMAT
$

A FORMAT

S5 FORMAT

ES AN R

6 FORMAT

1

7 FORMAT
1

-8 FORMAT
1

9 FORMAT
|

10 FORMAT

1
11 FORMAT
1

12 FORMAT
1

13 FORMAT
1

14 FORMAT
1

15 FORMAT
|

16 FORMAT
1

17 FORMAT
}
2

18 FORMAT

19 FORMAT

20 FORMAT

21 FORMAT
1
2

22 FORMAT
1
2
Ki=i
KO=2

===~ /3769 VERSION ~=--

(5XsF9:3,6X:F10,4)
(9OKsF9ebs1XsFQe621%:59.6)
CIBs3XsFS5:0, 1% T 04,1 KsF T 4227
F3:0s1XsFT 245 |XsFTedsARsFBe1)

(27)

¢ SX,23HINPUT STATION POSITION ,//,
29HSTA LATITUDE

AQQ’
R
f?“&aaob
40{
3

’
J6HLONGI TUDE . ANT. HEIGHT +/,
29HNNN 5000+ MM MMMM 85.5588 ’
J6HSDDD . MM .MMMM $5.8588 SMMMMY oM )

¢ 5X,34HBEIDETIC CIIRDINATE TRANSFIRMATION,
$/) .

¢ 5X,24HORIGINAL DATUM - A = ,F8.3,
12H Ki4 F = 1/7,F7.2,37),

( 5X,244TRANSFORMED DATUM ~ A = ,FB.3,
12H KM F 2 1/,F1:303)

€ 5Xs5HDX .8 ,F75,4H "KM, 5%, SHDY = ,
FT:9,4H KM, 8XsBHDZ & ,F7.5,4H KM,»3/)

( SX,22HREFERENCE POSITION IN »
16HORIGINAL DATUM =,//)

¢ SX,12HLATITUDE <~ +FS5.0,5H DEG oF?od:
SH MIN »F7.4sSH SEC »/)

€ 5%, 12HLONGITUDE ~ »,F5.0,5H DEG ;P7.4:
S MIN »,F7.4,5H SEC »/)

( SXs22HREFERENCE POSITION IN ,
19HTRANSFOINMED DATUM =»//)

¢ SX,THOLAT 8 ,F8¢4,4H SEC,SX,THDLON = ,
F8edsAH SEC,)S5XsSHOH 8 sFTe1sTH METERS,/)
¢ SX,THDLAT = ,F8.4,4H MINISX,» THOLON & ,
FB.4,4H MIN,/)

C SX2THOLAT = »FB8.4,44 NM »SX, THOLIN = ,
FBeAs 4K NM ,/)

¢ 3%,5HAL = ,E15:847, 5XsSHAZ = LELS. 87,

8X,3HA3 & JE15¢8¢7s S5XsOHAG 8 HE1548475

SX,8HAS = ,E15.:8,/7)

¢ 5X»1BHGEDIDAL HEIGHT = ,F8.1,7H METERS,4/)
( SX,7HEDIT = +E15:8,5%Ks6HDE2 & ,E15.8,8/)
¢ SX,10HSTATION 213027)
¢ SX,2THINPUT ELLIPSOID PARAMETERS +/»
SX»2THSEMI AXIS REC. FLAT. o/
82 2 THKKKK o KKKK FEF .FFFEF ) !
¢ SX,27THINPUT ORIGIN OFFSETS /s

PX,290HDX = KM DY - KM D2 = KM 4/,
PXsIOMSK e XXXXKK SX o XXXXXX SX o XXKAXX - )

CONR4.84813681 1E-6

99 YRITECKDL21) » A L
READCKI, 1) AO,FO : :
READCKI 1) AN,FN
WRITECKD,»22)
READCKI,2) DXsDY,0Z

100 WRITECKD,S)
READ(KI,3) KSTA:RLATD;RLATMARLAT!:RLOND:RLONM,

1
PAUSE

RLONS, GH)
: - 264 - .

IF(XSTA) 99,101,101
19t TEMP= ADBSCRLATO)
PlATQ-QVHN((TfhPOAW-ORLATM’“OO‘RLATSORLQTD’
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B N R L LR S ST T} R R A A N ¥ LEAY R RIS R Y S S Ty
CLATR=CLATS>CON

CLOWL=CLANS-TH.i

ADIT= (AC+ANI/2.

DFO= ((FO-14)/FD)

DEN= C(FN-1 )70 427‘

D 1%
o G

SRR

2
£ DFO2= DFO~DFO
3 DFN2= DFN-DF 4130
75 EDJT= ((1./DF)2)4C1./DFN2))/2.~1. 4’0

4 DE2= DFO2-DFN2 : 9
| & CINAZ CONXADIT 529
B CONE?= Di2/CON Lo
3 GHCON= (1e-(GHI*>14E~3)7AD)
: B Al= -DY/CONA

T

Aq= =0.S=<EDIT=CINE2
AS= (EDJT/TINAY=(AN-ADI +( 1 «+EDITI > CINNEL2
CLAT= COS(CLATR)
SLAT= SINC(CLATR)
CLON= C3S(CLANR)
SLON= SIN(CLIND)
S2LAT= SLAT*SLAT
V= 1.+EDDTwx (] ~1+5552LAT)
U= 1e~0.5*I03T=S2LAT
. DLAT= ((a1=CLOM+42~SLON) > SLAT+A3ACLATIRV
1 +(AA=S2LATHAS)I ~SLAT#CLAT

A2= ~DY/CONA
43=  DZ/7CIN»

DLON= DLON>GHCIN
B6= (AQ-AN)
- B4= (ADOT*DZ2-ED2[*BL2%5.S5
85= B4#IDDT-5.25%ADTIT*IDIT=DE2
DHXM= (DX>CLON+DY>x3LINI=CLAT+NZ*SLAT
1 +BA*S2LAT+BO (32LAT*S2LATI+86
DHM= DHXY*].L+3

y | DLAT= DLAT=GMCON
I DLON= (AIxSLIN-AZ+CLONI */CLAT

DLATN= DLAT#
DLORYM= DLON/ 50+
DLONN= DLONt*CLAT
ELATS=CLAT5+DLAT
ELONS=CLONS+DLON
TEMP=ELATS/3699.
FLATD=IFIXCTEMP)
. © TEMP1=03S(ELATS-FLATD#363241/63.
g FLATHM={FIX(TEP1)
3 FLATS=CTEMNP1-FLATM)*63J.
TEMP2=ELONS/363 2.,
FLOND=IFIXCTEHP2)
TEHP3=A3S (ELINS-FLOND*3639.3763 .
; FLONM=IFIX(TEM®3)
- . FLONS= CTEHNPI-FLONM) %£3 L
122 CONTINUE -
YRITECKI»4) -
URITE(X3,60N
WRITE(K)»7) ADLFD
HRITTUGCIHS) ANLFN
HRITE(K)»9) D¥,.DY,LNZ
123 WRITE(KI»23) KSTA
124 ARITE(KI»15) - 265 -
WRITECKI»11) RLATD,RLATM,RLATS
HRITEC(K)»12) RLOND, ILINY,RLONS
-3 URITECKI» 13) GHD

GHN= GHO+DH4
DLATH= DLAT/69%.
-
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ARITECKY» 12) FLONDSFLINM, FLONS Oy
YRITE(KD, 18) GMN ng -
URITECX0» 14 DLAT,DLON,DHM e

URITECKD,15) DLATM,DLINY 25
YRITEC(KD, 16) DLATM,DLONN
URITECKDI,1T7) AlsA2,A3,A4,A5 - o

->w
WRITECKD, 197 EDIT,DER .
6o T0 100 -
END

END OF TAPE
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4

vty

4

.4

.-

STA
NNN
1

PAUSE

) Yo,
SANPLE PRINTOUT y)
p
0.
INPUT ELLIPSOID PARAMETERS
SEHI AXIS REC. TLAT.
KKK « KKKK FPF FFFFF
6378.206 294.978 ,
6376.144 293.230 L. ’

HIPUT ORIGIN OFFSETS
£% -~ KM DY - Kit DZ - Kl
SKXXXXXK SX«XXXXXX SKoXXXKXX
~0.92S «173 183
INPUT STATION POSITION

LATITUDE LONGITUDE

SDCDe MM eliittd S§'~ S5S55 SDDD. ¥M.Md
4039« 9.8165 .

- 267 -

M _SS.SSSS

-876. 53 0.86‘3

ANT. HEIGHY

SHdIMi4tte 1
+ 14S.

2




ookl ste

i 13

R
GEODETIC COJOACINATE TRAMSFORIATION
|
!
i
i

ORIGINAL paTUi - A
TRANSFORMED DATU+ - A

DX = -.02538 i DY

STATION 1

6275.206 Ki F = 1/294.978

‘3234144 Xii F = 1/298.233

-= -+17330

K4 DZ = 18399 KM

REFERENCE POSITION IN ORIGINAL DATUM -

LAT. T

. LONGI

.oy, =

U - 39. DEG

9.8165 MIN

TUDE - -76. DEG S3.8643 MIN

GEO1DAL HEIGHT - 145.9 METERS

REFERENCZ PISITION IN T

LATITUDE - 39. DEG

RANSFORMED

9:0859 MIN

LONGITUDE - <76+ DEG 53.9933 MIN

GEOIDAL HEIGHT - 9

DLAT = <6799 SEC
DLAT = 0113 MIN
DLAT = <0113 M

Al =  .80BA7895E+00
A2 = -.5594675UE+I1
A3 = +S91596595+31
A4 = .51494971E-01
A5 = -.15312492E+02

EDOT = «67T775249E~02

4.1 METERS

DLON =
DLON =
DLON =

- 268 -
pER =

9099 SEC
«92063 SEC

DATUH -

49.6875 SEC

51.2498 SEC

+8193 SEC DH = ~53.9 METERS
+0103 MIN
40383 NN -

.'2736713412°94

"~

$ i

-a

(= 4

-«
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Appendix ¥

GLOSSARY OF TERMS FOR NAVIGATION SOLUTION
COMPUTATION

Fortran
Term or Symbol Name

AO

A
)
AAk DA(K)

a .
nj

Cc

Cy O(f, ?,1)

AE DE(K)

EFRQ
EFRQ

h' GEOH

Mean'mg

Semimajor axis of orbit ellipse.

Incremental length of semimajor
axis of orbit ellipse.

Coefficients in the navigat’~ equa-
tion, constant for any inie -al for
which a doppler count is obtained.

Speed of light in a vacuum.

Difference between measured slant
range difference and theoretical
slant range difference.

Navigator's heading at estimated
first fiducial time,

Incremental eccentric aromaly.
Eccentricity of satellite orbit.
Initial value of offset frequency.

Improved estimate of offset fre-
quency rezulting irom navigation
operations.

Greenwich Mean Time.

Station's antenna height above mean
sea level,

Height of sea level above reference
geoid at station's position.

Station's antenna height above geoid
(= h+H).
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Fortran
Term or Symbol Name
KM-1 KM-1
k K
J
L WAVE
o
n XNDT
M(t) XMK
Nk DOP(K)
Rk RETF(I)
R
o
Sk
Sko
T
T ETIM
c
t
o

Meaning

Total number of intervals for which
doppler counts have been obtained
during a given satellite pass.

Index identifying the intervals dur-
ing a given satellite pass
(k =1,2,....,KM-1).

Numbering integer for fiducial

times, i.e., the number cf 2-minute

intervals between first fiducial in-
terrupt and previous GMT midnight.

Vacuum wavelength associated with
the frequency f o

c
(Lo - F)
o
. ey - 2
Mean motion of satellite (n = TI,—).

Mean anomaly of satellite.

Cycle (doppler) count during kth
interval,

Refraction correction count during
kth interval.

Radius of the earth.

Theoretical slant range difference
for kth interval.

Measured slant range difference
for kth interval.

Orbital period of the satellite.

Reading of navigator's clock (GMT)
at first fiducial interrupt.

Time corresponding to the first
fiducial time interrupt from
ephemeral data.

- 270 -
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Time at which navigator's position
is computed (time of fix).

Time of satellite perigee (GMT).

Time between satellite perigee and
first fiducial inte: rupt.

Coordinate system fixed witl; re-
spect to satellite orbit ellipse.

Navigator's speed at estimated
first fiducial time.

Coordinate system fixed with respect
to inertial space.

Coordinate system fixed with re-
spect to the rotating earth.

Coordinate system of satellite with
respect to inertial space.

Angle between right ascension of
ascending node and right ascension
of Greenwich.

Navigator's estimate of his latitude.

True geodetic ati‘ude coordinate
of the navigator at time of {ix.

Navigator's geodetic latitude at
end of interval k.

Improvement to geodetic latitude
resulting from navigation equations.

Arguaent of perigee of satellite

Fortran

Term or Symbol Name Meaning
tf STIM+4
t TP

P
At T

P

u, v, w
v
X,Y, 2
X,¥,2
x! , yl, z!
B B
<pe ELAT

. FLAT

fix
Px
A

0]
w SOME

orbit.

[} SN

Rate of change of argument of
perigee,

Mt
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Angle of inclination of orbit plane
with respect to equatorial plane.

Navigator's estimate of his longitude.

True geodetic longitude coordinate
of the navigator at time of fix.

Navigator's geodetic longitude at
end of interval k.

Improvement to geodetic longitude
resulting from navigation equations.

Right ascension of Greenwich at
time of satellite perigee (i. e., hour
angle of Greenwich).

Right ascension of ascending node.

Rate of change of right ascension
of ascending node.

Satellite coordinates in X, Y, Z sys-
tem at interval k.

Navigator's coordinates in X, Y, Z
system at interval k.

Incremental out-of-plane (cross
plane) component of satellite.

Improvement to offset frequency
resulting from navigation equation:.

Rotational rate of the earth.
Flattening of the reference ellipsoid.
Day (GMT) of first fiducial interrupt.
Day (GMT) of satellite perigee (tp).

Time (GMT) of first fiducial interrupt
(i. e., corrected value cf Tc).

: Fortran
Termn or Symbol Name Meaning
3 1
é
‘ X ELON
i FLON
ix
Ag
A
A
AG XLMG
Y] COME
Q COMD
Xsk’ Ysk’ Zsk XS, YS, ZS
Xnk' Ynk' an, XN, YN, ZN
'nk DN{K)
af
w OMGE
e
f
PDAY PDAY
TPDAY TPDAY
T STIM
o

e

P U S N I R T R S

bd b ey

i
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Appendix G

NONSTANDARD NUMERICAL COMPUTATION ROUTINES

In order to write a digital computer program to
implement the navigation solution computations and alert
computations provided in this document, several special
numerical routines other than those available in a standard
computer command repertoire must be written, These
special routines are:

a. Sine,

=2

. Cosine,

Square root,

.

.Q- 0

Arc sine,

o

Arc cosine, and

]

Arc tangent.

This Appendix will provide information which will
allow implementation of these routines using standard com-
puter instructions of add, multiply, and divide,

Vresrang

SINE, COSINE

The algorithm given here determines Y = sin’—;- X for

-1 < X<+1. The algorithm given is that given on page

140 of Ref. 16. The cos-;-'
equation,

B
Wreromaarig

X is determined by use of the

§onent

n B
cosé-x-sm-z-(l -X).

In consideration of the above, the theoreticai error is
only discussed in terms of the sine funciion.
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The algorithm to be used in the solution for sine X
is the Hastings polynomial approximation for the sine

function,
4
Lo 2i+1
sm—z-X—-Z C2i+1X s
i=0
where
C1 = 1.870 796 318 47
C3 = -0.645 963 711 06
C5 = 0.079 689 679 28
C7 = -0.004 673 765 27
C9 0.000 151 484 19
4
‘2 C21+1=1‘000 000 005 1.
=0
4
As can be seen by the value of T C2i+l in the
i=0 -

above table, the error insinyaty =-21I for the Hastings

approxiration is 5 x 10“9 if all coefficients can be used
as given. However, since a minimum word length of 37
bits would be necessary to achieve this minimum error,
the error presently achieved with a 30-bit computer would
provide a more realistic error. For a 30-bit computer
the coefficients can be expressed such that

C2i+1 = 0,000 000 0il

4 >

i=0
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giving an expected error of 1.1 x 10”5, This error is
within the required accuracy for the computations required
by this document.

ARC SINE, ARC COSINE

The algorithm given here determines Y = sin }(X)
for 0 < X < 1. The algorithm is that given in Ref, 16 on
pag: 163. The arc cosine is determined by

X.

0

(]
7]

™
"

NI

'

VA

ol

=]

The algorithm to be used in the solution for sin ! X
is the Hastings polynomial approximation for the arc sine
function,

arcsinX=%- JI-X ¥ (X),

where
2 3 i
¥(X) = a + a1X +ta X + agX -..... +a X
ag = 1.5707 963 050
a, = -0.2145 988 016

a, = 0.0889 789 874

ag = -0.0501 743 046
a, = 0.0308 918 810
ag = -0.0170 881 256
ag = 0.0066 700 901
a, = -0.0012 624 911.
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ARC TANGENT

The algorithm given here determines Y = tan-1 (X)
for -1 sX < 1. The algorithm is that given in Ref. 16 on
page 134. The algorithm is the Hastings polynomial ap-
proximation for the arc tangent function,

4

arctanX = ¥ C,. X2i+1 s

i=0 2i+l
where

C1 = 0,999 8660

C3 = -0,330 2995

C5 = 0.150 1410

C,7 = -0.085 1330

C, = 0.020 8351

Yo}

SQUARE ROOT
Thae algorithm given here determines Y = JX for

all ranges of X. The algorithm to be solved is given as
follows:

a. Compute an initial approximation to {}? as:

X 1
=—+—.
Ao 2 2

b. Then compute by Newtion's method

-~ X .l
Al_(A—o+Ao) 3
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