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SECTION 1
INTRODUCTION

This report describes the digital computer simulation program NATNAV (North
ATlantic NAVigation) which was developed by Aerospace Systems, Inc. (ASl) to analyze
various inertial aircraft navigation systems utilizing external measurements of position

and/or velocity from the following sources:

Doppler Radar
Air Data
OMEGA

Satellite Surveillance (2-satellite ranging)

The companion volume to this report (Ref. 1) contains a complete description of the
mathematical models and analysis techniques implemented in the NATNAV simulation.
It also presents a discussion of several results obtained with the simulation and some
recommendations for applications of NATNAV. The availability of Volume 1, and
the user's familiarity with it, are presupposed in this report.

NATNAY is written entirely in Fortran IV for operation on the CDC-3800
digital computer at the Naval Research Laboratory (Refs. 2 and 3). Slightly modified
versions have been run on PDP-10 and CDC~6600 computers. The program was developed
with a highly modular structure for ease of program checkout, to simplify the user's,
understanding of the program, and to facilitate any modifications which might be re-
quired for future applications.

Sections 2 through 5 contain programming details of the simulation: functions
of the various routines, flow charts, common storage and definition of Fortran variables.

- The usage of the program is presented in Sections 6 through 9, which describe the
hardware requirements, the inputs and outputs, program options and operating procedures.
Certain restrictions and potential modifications are discussed in Section 10. Finally, a

complete listing of the Fortran source program is contained in Section 11.

-1 -






SECTION 2
PROGRAM DESCRIPTION

The following discussion is presented to provide the user with an under~-
standing of the organization and general operation of Program NATNAV. The
modular structure of NATNAY is illustrated by the block diagram of Figure 1.

Each subroutine and function is indicated, and the arrows show the calling sequences
among the programs. Brief abstracts of each program are presented in Table 1.
Table 2 summarizes all external references in NATNAV, excluding system routines.

The Fortran library routines indicated in Table 2 are defined in Table 3.
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NATNAV

SUBIN

SUBOUT

EQNS

CONFIG

FLTPLN

EARTH

INS

ALIGN

DOPLR

OMEG

SATR

Table 1. NATNAV Program Absiracts.

Initializes the simulation, regulates the integration of the covariance
terms, controls the measurement updates and governs the print and
plot outputs. [Main Program]

Reads all input data and documents it on the printed output. [Called
by NATNAV]

Prints time histories of the position and velocity errors in track-
referenced coordinates. Also saves data for plotting at completion

of run. [Called by NATNAV and SUBIN]

Initializes the array of covariance elements to be propagated, and
sets the indices for integrating the appropriate differential equations.

[Called by CONFIG]

Establishes the array of covariance elements to be integrated for the
system configuration selected by the user. [Called by NATNAV]

Calculates the nominal position, speed, track and heading of the
aircraft as functions of time, assuming constant velocity between

waypoints. [Called by NATNAV]

Calculates the approximate geocentric distance and gravitational
acceleration as functions of lattitude and altitude. [Called by

FLTPLN]

Calculates local speed of sound as function of altitude. [Called
by FLTPLN]

Initializes the INS covariances and driving noise strengths; calculates
the system matrix elements, transformation matrix and torquing rates

for the INS. [Called by NATNAV]

Calculates the measurement vectors and optimal filter gains for updating
the covariance matrix during the alignment phase. [Called by NATNAV]

Calculates the measurement vectors and optimal filter gains for doppler

radar measurements. [Called by NATNAV]

Calculates the measurement vectors and optimal filter gains for two
Omega line-of-position measurements. [Called by NATNAV]

Calculates the measurement vectors and optimal filter gains for two
satellite ranging measurements. [Called by NATNAV]



UPDATE

RKUTTA

DIFEQ

GQG

BLUNDR

PLOTER

Table 1. (Continued).

Updates the covariance matrix for optimum or sub-optimum measurements.
Stores optimum filter gains for print out if desired. [Called by ALIGN,
DOPLR, OMEG, SATR]

Integrates the covariance differential equations using a fourth-order

Runge~Kutta procedure. [Called by NATNAV]

Calculates the derivatives of the covariance elements. [Called

by RKUTTA]

Calculates the elements of the matrix product F x P. [Called by
DIFEQ]

Calculates the elements of the noise matrix product G x Q x GT.
[Called by DIFEQ]

Sets the new system error quantities after the occurence of a specified
blunder or malfunction. Supplied by user. [Called by NATNAV]

Plots the time histories of the position and velocity errors in track-
referenced coordinates, if desired. [Called by NATNAV]



Table 2. Program NATNAV External REFerehces :

ROUTINE SUBROUTINE REFERENCES LIBRARY ROUTINE REFERENCES
NATNAV | ALIGN INS SATR AMINI
CONFIG OMEG SUBIN DATE
DOPLR PLOTR SUBOUT | TIMEF
FLTPN RKUTTA
SUBIN
SUBOUT INT
SQRT
CONFIG | EQNS
EQNS
FLTPLN A EARTH ASIN LOG
ATAN2Z SIN
COS SQRT
EARTH SIN
A SQRT
INS CQOS SIN
ALIGN UPDATE
DOPLR UPDATE COS SIN
OMEG UPDATE ATAN2 SIN
COS
SATR UPDATE COs SQRT
' SIN
UPDATE
RKUTTA DIFEQ
DIFEQ GQG T

* .
Excluding System Routines.

o




Table 2. (Continued)* :

ROUTINE SUBROUTINE REFERENCES LIBRARY ROUTINE REFERENCES

T

GQG

PLOTER AXIS PLOT SYMBOL
LINE PLOTS

NUMBER  SCALE

*®
Excluding System Routines.




AMINI (X]’XZ’

ASIN ()

ATANZ (x] ,x2)

AXIS

COS (x)
DATE"
INT
LINE
LOG (x)
NUMBER
PLOT
PLOTS

SCALE
SIN (x)

SQRT (x)
SYMBOL
TIMEF

Table 3. Fortran Library Routines.

...) Determines minimum argument [Called by NATNAV]

Arcsine of x [Called by EARTH,FLTPLN]

x
Avrctangent of il [Called by FLTPLN, OMEG]

x

2

Plots axis with lable, tick marks, and tick mark annotation

[Called by PLOTER]

Cosine of x [Called by FLTPLN,INS,DOPLR, OMEG ,SATR]
Current month, day, year, and Julian day [Called by NATNAV]
Real to integer conversion [Called by SUBOUT]

Plots x vs y curve [Called by PLOTER]

Natural log of x [Called by FLTPLN]

Draws a special number [Called by PLOTER]

Conveys data to the subroutine for plotting [Called by PLOTER]

Initializes entry for plotter package or erases plotter package
[Called by PLOTERI

Scales an array to produce an axis with reasonable engineering

units [Called by PLOTER]

Sine ?f x [Called by EARTH,FLTPLN,,INS,DOPLR, OMEG,
SATR]

Square root of x [Called by SUBOUT, FLTPLN,A, SATR]
Labels plot or plots symbols for data points [Called by PLOTER]
Current time in floating point format [Called by NATNAV]

*
DATE is currently a non-standard library routine at NRL. A Compass deck, available
from NRL, must be included with the NATNAV source deck (Ref. 4).






SECTIOM 3
FLOW CHARTS

The following pages present narrative flow charts for each routine in Program
NATNAV. These flow charts are included to show the organization and logic of
NATNAYV, and to assist the user in following the detailed program listing. The
flow chart of the main program, NATNAV, will provide the user with a general
understanding of the overall simulation procedure. More detailed operations are

furnished by the individual subroutine and function flow charts.

-1 -
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EMNTER
SUBOUT

RETURM

RETURN

YES

INITIALIZE
SUBROUTIMNE
VALUES AND
CONSTANTS

NO

BOTTOM
OF PAGE
?

COMNVERT
UNITS FOR
PRINTOUT

NO

WRITE
NORMAL
ERROR
OUTPUTS

YES

WRITE POST-
MEASUREMENT
ERROR
OUTPUTS

RUN
TO BE
PLOTTED
?

WRITE
PLOT DATA
ON MNTAPE

<

Figure 4. Flow Chart of Subroutine SUBOUT.
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RETURN
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ERRORS
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UNCERTAINTIES
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NO
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Figure 5. Flow Chart of Subroutine CONFIG.
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Figure 6. Flow Chart of Subroutine EQNS.
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Figure 8. Flow Chart of Function A.
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RETURN

Figure 9. Flow Chart of Subroutine EARTH.
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Figure 11. Flow Chart of Subroutine ALIGN.
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Figure 12. Flow Chart of Subroutine DOPLR.
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LINE OF POSITION
MEASUREMENT
VECTOR

INITIALIZE OMEGA
MEASUREMENT
VARIANCES AND
NOISE STRENGTHS

RETURN

CALCULATE
OPTIMUM
FILTER GAINS
(MTYPE = 5)

CALCULATE SECOND
LINE OF POSITION
MEASUREMENT
VECTOR (MTYPE = &)

Figure 13. Flow Chart of Subroutine OMEG.




SATR

INITIALIZE
SUBROUTINE
VARIABLES

AND CONSTANTS

INITIALIZATION \_YES

PHASE
?

#

INITIALIZE SATELLITE
RANGING VARIANCES,
NOISE STRENGTHS,
ETC.

CALCULATE FIRST
SATELLITE RANGING
MEASUREMENT

VECTOR (MTYPE = 7) RETURN

CALCULATE
OPTIMUM
FILTER
GAINS

(UPDATE CALL
COVARIANCE | yppATE
MATRIX)

GALCULATE SECOND
SATELLITE-RANGING
MEASUREMENT
VECTOR

(MTYPE = 8)

RETURN

Figure 14. Flow Chart of Subroutine SATR.
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EMTER
UPDATE

s

IEATEALLS T
SLIBROUTIME
VARIABLES

UPDATE COVARIAMCE
MATRIX WITH
OPTIMUM GAINS

STORE
OPTIMUM
GAINS ON
umIT 7

PRINT
OPTIMUNM

MEASUREMENT
GAINS

INTERPOLATE FOR
SUBOFTIMUM GAINS
ANMD UPDATE
COVARIANCE MATRIX

FIRST
OF DOUBLE
MEASUREMENT

RESET 'S' ARRAY
WITH UPDATED
COVARIANCE

MATRIX

-

Figure 15. Flow Chart of Subroutine UPDATE.
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ENTER
RKUTTA

INITIALIZE
SUBROUTINE
VARIABLES

(CALCULATE
DERIVATIVES)

INTEGRATION
STEP =0
?

RETURN

INTEGRATE NEQ
ELEMENTS OF
ARRAY 'S’

(CALCULATE
DERIVATIVES)

STORE NEW VALUES
QF COVARIANCE
MATRIX AND
INCREMENT TIME

Figure 16. Flow Chart of Subroutine RKUTTA.
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ENTER
DIFEQ

INITIALIZE
SUBROUTINE
VARIABLES

;

SET COVARIANCE
MATRIX FROM
ARRAY 'S'

é

— —_——

CALCULATE NEQ \
DERIVATIVES |
TO BE :
INTEGRATED !.
(ELEMENTS (ELEMENTS OF DRIVING
OF FP i NOISE MATRIX GQGT)

Figure 17. Flow Chart of Subroutine DIFEQ.,
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ENTLR
T({,J)

v

INITIALIZE
FUNCTION
VARIABLES

v

CALCULATE
ELEMENT (1,J)
OF FP MATRIX

RETURN

2|ooo|

&34

CALCULATE
ELEMENT (34,J)
OF FP MATRIX

RETURN

Figure 18. Flow Chart of Function T.
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EMNTER
GAGH,J)

INITIALIZE
FUNCTION
VARIABLES

INTERCHANGE
I AND J

'y

CALCULATE
ELEMENT (1, T}
OF MATRIX GQGT

a
e ©® o ¢
\
CALCULATE
eeoe ELEMENT (1,34)

RETURN

OF MATRIX GQGT

o000 RETURN

*34

CALCULATE
ELEMENT (34,34)
OF MATRIX GQG

Figure 19. Flow Chart of Function GQG.
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INITIALIZE '
SUBROUTINE
VARIABLES

AND CONSTANTS

1

CALCULATE POST-
BLUNDER VALUES
OF COVARIANCE
MATRIX, NOISES, ETC,

RETURN

Figure 20. Flow Chart of Subroutine BLUNDR.
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PLOTLR

IRITIALLZE
SUBROUTIME
VARIABLES

AND COMSTANITS

NO

CLOSE PLOT
OQUTPUT

REWIND
NTAPE AND
READ PLOT
DATA

GO INITIALIZE
BLANKS IN S nor
TITLE ROUTINES
A
NO, OF NO, OF DATA
DATA POINTS POINTS = 400
> 400
?
LABEL ABSCISSA RESET
AXIS AND ABSCISSA
IDENTIFY PLOTS ORIGIN

SCALE
TIME
DATA

MARK FLIGHT .
PLAN WAYPOINTS

RESET
ORDIMNATE
ORIGIN
LABEL PLOT
CRDINATE —i= ERROR
AXIS HISTORIES
RESET
NEXT RUN

Figure 21. Flow Chart of Subroutine PLOTER.
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SECTION 4
COMMON STORAGE

In keeping with the modularity goal of NATNAV, most related Fortran
variables used by more than one program are organized into a number of common

blocks, as shown in Table 4. The Fortran variables contained in each cemmon

block, and the lengths of each (in decimal), are given in Table 5.
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Tablz 4. Program NATNAYV Common Block Organization.

COMMON BLOCK

lvadng

ERIRNRY

IWILg

dO89Nsd

d1vSe

10144

YOIWO4

X|X|X|X

WONS4

nid

X

212074

X

X

X

O31INIg

ESNIg

ZSNIE

X
X

{SNI4

X

LINIg

X[X[X]|X

X3aNlg

Ndl1144

N> a4

X

414004

dVYAODE

X

LSNODH

X

11ve

X

X

NOITvY

X

X

XXX X[X]|X[|X

TINES

1
]

>
[an)
S0
[Va latd

NATNAV | X | XX [ XX XXX XXX XXX XXX XXX XXX

SUBIN

SUBOUT
CONFIG

EQNS

FLTPLN
EARTH

INS

ALIGN
DOPLR

OMEG

SATR

UPDATE

RKUTTA
DIFEQ

BLUNDR
PLOTER

GQG

5372



BALIGN

BALT

BCONST

BCOVAR
BDOPLR

BDRKN

BFLTPN

BINDEX
BINIT
BINSI

Table 5. Common Block Contents and Lengths.

(4)

(6)

(1156)
(13)

(149)

(1755)

(16)

SALINT
RALINZ

TAUH
SALTD

RADPDG
NMPFT

P

TDF
SNDS
SRDF
QDF
RDS

SVWN
DVWE

DTA
VCL
HCR
LON
TCR
VE

INIT

I1SYS
EDZ
RDLAG
RDHP
OMS2
FD

(1) SALINZ
(1)

(1) SALT
(N

(1) DEGPRD
(1) MINPRD
(1156)

(1) DS

(1) SBDF

(1) SRDS

(1) QDS

(1)

(1) SVWE
(1)

(1) DTT

(1) RC

(1) NWPTS
(20)  THETAW
(1) ™

(20)

(585) JJ

(m

(1) EES

(1) DLA@
(1) RDLOY
(1) AKAP
(1) FN

(1

-3 =

(1)

(1

RALINT
TAUHD

FTPNM
OMIE

SNDF
SBDS
DTDOP
RDF

DVWN

HO
MCR
LAT
VW
VN

KK

ENg
DLOY

PHIDOT
FE



Table 5. (Continued).

BINS2 (37) [ TGX (1 TGY (1) 1GZ
Qwex (1) Qwey (1) QWGZ
SGX (1) SGY (1) SGZ
Qvex (1) Qvey (1) QVGZ
TAX (1) TAY (1) TAZ
QWAX (1) QWAY (1) QWAZ
SAX (1) SAY (1) SAZ
QVAX (1) QVAY (1) QVAZ
TAUX (1) TAUY (1) TAUZ
DX (1) DY (1) DZ
SVX (1) SVY (1) SVZ
QVX (1) QVY (1) QVZ
QWH (1)

BINS3 (40) | cn (1) C12 (1) C13
C21 (1) c22 (1) c23
c3l (1) C32 (1) c33
F12 (1) F13 (1) F17
F21 (1) F23 (1) F31
F32 (1) F37 (1) F62
F63 (1) F64 (1) F66
F67 (1) F68 (1) F69
F71 (1) F73 (1) F74
F76 (1) F77 (1) F78
F79 (1) F91 (1) F92
F94 (1) F96 (1) F97
F98 (1) WX (1) WY
Wz (1)

BINTEG  (1173) | (585)  SD (585) DT
DTd5 (1) NEQ (1)

BLOGIC (12) | GYROS (1) ACCEL (1) TORQ
ALTSF (1) GRAVD (1) INS9
TWOACC (1) DOPLER (1) OMEGA
SATRNG (1) SUBOPT (1) DREKON

BLU (2) NN (1 MM (1)

38 <
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Table 5. (Continued).

BNOM  (35) | NPHASE (1) H (1) HDOT
ALATR (1) ALAT (1) ALON
ALONR (1) ALB (1) ALBDOT
VG (1) VA (1) VELN
VELE (1) VELW (1) TRK
HDG (1) CRB (1) THW
R (1) RI (1) RI2
G (1) SL (1) cL
TL (1) SL2 (1) CL2
cLl (1) RICLI (1) CTRK
STRK (1) ALAT2 (1) CHDG
SHDG (1) RCL (1)

BOMEGA (17) | 1OM1 (1) |OM2 (1) IOM3
|OM4 (1) TOMI (1) TOM2
SNOM1 (1) SNOM2 (1) SBOMI
sBOM2 (1) SROM1 (1) SROM2
DTOM (1) QOMI1 (1) QOM?2
ROMI1 (1) ROM2 (1)

BPLOT (3) DTPLOT (1) NPLOT (1) NTAPE

BSATR (19) | SATLAT ~ (2) SATLON  (2) HSAT
TSAT] (1) TSAT2 (1) SNSATI
SNSAT2 (1) SBSAT1 (1) SBSAT2
SRSAT1 (1) SRSAT2 (1) DTSAT
QSATT (1) QsAT2 (1) RSAT1
RSAT2 (1)

BSUBOP  (4103) | NK (1 TSUBK (20)  KSUBDF
KSUBDS  (680) KSUB@1  (680)  KSUB@2
KSUBST  (680) KSUBS2  (680)  PGAINS
TBLUND (1)

BTIME (1) TIME (1)

BTITLE (17) | TITLE (10)  NRUN (1) NPAGE
DTOUT (1) LINE (1) MO
IDAY (1) I'YEAR (1)

BUPDAT  (36) | ALFA (1) K OPT (34)  MTYPE
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SECTION 5
FORTRAN VARIABLES

Table 6 presents definitions of all principal Fortran variables used in Program
NATNAV . Where appropriate, mathematical definitions are also indicated (see
Ref. 1). The units of each variable are those used internally by NATNAV, and
occasionally differ from the input units. The points of definition of each variable
are enclosed in the brackets.

The error covariance matrix P is a 34 X 34 symmetric matrix; hence it contains
only 585 independent elements which must be calculated by numerical integration.
These elements are contained in the array S. To further reduce the number of differ-
ential equations to be integrated, the array 5 contfains only the covariances of
those errors which are specifically requested by the input. The correspondence is
established by subroutines CONFIG and EQNS via the index array KK. The arrays
Il and JJ are used to decode an eniry in KK to obtain the appropriate row and column

of P. Table 7 depicts this relationship.
Example: If KK(70) = 99, then from Table 6A, 11(99) =7 and JJ(99) =18.

Therefore, S(70) = P(7,18) = cross~covariance between longitude

rate error, 4, and azimuth gyro torquer scale factor error, %
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Table 6. Definitions of Principal Fortran Variables in
Program NATNAV.

A = local speed of sound, ft/min [A]

ACCEL = .TRUE. for accelerometer measurement uncertainties [input card 5]

AKAP = x = inertial altitude weighting parameter [input card 7]

ALY = Qi +o,,), rad’/min® [INS]

ALAT = L = terrestrial latitude, rad [FLTPLN]

ALON = 4 = terrestrial longitude, rad [FLTPLN]

ALAT2 = 2L, rad [FLTPLN]

ALATD = L = terrestrial latitude, deg [SUBOUT]

ALOND = 4 = terrestrial longitude, deg [SUBOUT]

ALATR = L = terrestrial latitude rate, rad/min [FLTPLNI]

ALONR = i = terrestrial longitude rate, rad/min [FLTPLN]

ALB = )\ = celestial longitude, rad [FLTPLN]

ALBDOT = A=+ w. = celestial longitude rate, rad/min [FLTPLN]

ALFA = @=h"Ph+ R [ALIGN,DOPLR,OMEG,SATR]

ALPHA = 6 - %, rad [FLTPLN]

ALT = h = altitude, ft [EARTH]

ALTSF = .TRUE. for altimeter scale factor [input card 5]

AX,AY = coordinate of lower left corner of first character with respect
to previously defined origin for plotting routine, in [PLOTER]

AXLEN, = lengths of x and y axes for plotting routine, in [PLOTER]

AYLEN

AZA AZB = azimuth to Omega stations, rad [OMEG]

C = latitude sensitivity factor for gravitational acceleration [EARTH]

cn ,CC3132, = elements of 1.N.S. transformation matrix [INS]
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CHZ2
CHDG
CL

CL2

CLB

CLI

CLL
CLOM(I)
CPTIME
CRB
CRSAT(!)
CTRK
DALT
DEGPRD
DH@
DLA2

DLAg,
DLOZ

DLAT
DLON

DL@2
DOPLER
DREKON
DT

Table 6. (Continued).

cos” [sUBOUT]

cos § [INS]

cos L [INS]

cos 2L [INS]

cos » [INS]

1/cos L [INS]

cos?L [SUBOUT]

cosine of the it Omega station latitude |OMEG]
computer time, sec [NATNAV]

§ = wind crab angle, rad [FLTPLN]

distance of i*h satellite from earth's axis, ft [SATR]
cos % [INS]

o of altitude error, ft [SUBOUT]

conversion factor, 57.29578 deg/rad [SUBOUT]
initial o of altitude error, ft [input card 8]
variance of latitude error, md:2 [SUBOUT]

initial o's of latitude and longitude error, rad [input card 8l

latitude difference between waypoints, rad [FLTPLN]

longitude difference between waypoints, rad [FLTPLN]
longitude difference to satellite, rad [SATR]

variance of longitude error, rc|d2 [susouT]
.TRUE. for Doppler measurements linput card 5]
TRUE. for dead reckoning option [input card 5]

integration step-size, min [NATNAV]

=43 =



Table 6. (Continued).

DT1 = maximum integration step-size, min [input card 2]
DT@5 = DT/2, min [FLTPLN]
DTA = I.N.S. alignment time, min [input card 3]
DTDOP = interval between Doppler updates, min [input card 19]
DTOM = interval between Omega updates, min [input card 21]
DTOUT . normal printout interval, min [input card 2]
DTPLOT = plot output interval, min [input card 2]
DTSAT = interval between satellite ranging updates, min [input card 23]
DTT = taxi time, min [input card 3]
DVD = o of altitude rate error, ft/min [SUBOUT]
DVE2 = variance of latitude rate error, rad/min [SUBOUT]
DVN2 = variance of longitude rate error, rad/min [SUBOUT]
DVX,DVY = increments for tick mark annotation of abscissa and ordinate
[PLOTER]
DX,DY = distance between tick marks of abscissa and ordinate, in [PLOTER]
DX,DY,DZ = correlation distances for geodetic uncertainties, nm [input
card 15]
B inverse of above, 1/ft [INS]
DXDOT = o of along-track velocity error, nm [SUBOUTI
DYDOT = o of cross-track velocity error, nm [SUBOUT]
DVWN, = correlation distances of wind uncertainties for dead~-reckoning,
DVWE nm [input card 4]
= inverse of above, 1/ft [INS]
EDJ, EEM, = initial o's of platform north, east and down misalignment angles,
EN rad [input card 8]
ED,EE,EN = o's of platform misalignment angles, arc-min [SUBOUT!
F = flattening of reference earth ellipsoid [EARTH]
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Table 6. (Continued).

F12, ... = clements of inertial navigation system matrix [INS]

F93

FD FE,FN =  specific force components, ft/min® [INS]

FTPMS = conversion factor, 983.567 ft/msec [SATR]

FTPNM = conversion factor, 6076.12 ft/nm [NATNAV]

G = gravitational acceleration, ft/min2 [EARTH]I

GE = equitorial gravitational acceleration, Ff/min2 [EARTH]

GRAVD = .TRUE. for geodetic uncertainties [input card 5]

GYROS = .TRUE. for gyro drift uncertainties linput card 6]

H = h = altitude of aircraft, ft [FLTPLN]

H3, ...H8 =  elements of measurement geometry vector [ALIGN,DOPLR,OMEG,

H22, ... SATR]

H26

HY = ho = airport elevation, ft [input card 3]

HCR = h,, = aircraft cruise altitude, ft [input card 3]

HDG = 4 = heading angle of aircraft, rad [FLTPLN]

HDOT = h=altitude rate, ft/min [FLTPLNI

HSAT() =  altitude of the i satellite, ft [SATR]

HSYNCH = altitude for synchronous satellite, ft [SATRI

IDAY, = date of computer run [NATNAV]

MONTH,

IYEAR

11,1J,KK = indices relating elements of covariance matrix to differential
equations [EQNS]

INIT = .TRUE. if program is in initialization phase [NATNAV]

INS? N TRUE. for 9-state 1.N.S. model [SUBINI

_FALSE. for 7-state 1 .N.S. model
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Table 6. (Continued).

IOM1, = Omega stations for 1st L.O.P. measurement [input card 20]

IOM2

10M3, = Omega stations for 2nd L.O.P. measurement [input card 20]

IOM4

1SYS = type of inertial navigation'system: 1= space stabilized
[input card 7] 2 = local level

3 = free azimuth

4 = strapdown

5 = rotating azimuth
6 = unipolar

7 = wander azimuth

KOPT = optimum filter gains for covariance update [ALIGN,DOPLR,
OMEG, SATR]

KSUB = suboptimum filter gains for covariance update [UPDATE]

KSUB@1, = histories of suboptimum filter gains for Omega updates [input

K SUB@2 cards 36-45]

KSUBDF, = histories of suboptimum filter gains for Doppler updates [input

KSUBDS cards 26-35]

KSUBST, = histories of suboptimum filter gains for satellite ranging updates

KSUBS2 [input cards 46-55]

LAT(I) = latitude of i waypoint, rad [input card 4]

LINE = count of printout lines for each page [NATNAYV, SUBIN, SUBOUT]

LON(I) = longitude of i’h waypoint, rad [input card 4]

MCR = aircraft cruise Mach number [input card 3]

MEAS = index for subroutine SUBOUT to determine printout format
[NATNAV]

MINPRD = conversion factor, 3437.747 arc-min/rad [NATNAV] )

MM = logical unit number for printout {NATNAV] -

MPLOT = number of runs to be plotted in a job [NATNAV]

MTYPE = index for UPDATE to indicate type of measurement [ALIGN,
DOPLR,OMEG,SATR]
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MU
NEQ
NK

NMPFT
NN
NPAGE
NPHASE

NPLOT
NPTS
NRUN
NTAPE
NWPTS
OMEGA
OMIE
OMIPNX,
OMIPNY,
OMIPNZ

OMLAT(I),
OMLON()

OMS2
P

i

Table 6. (Continued).

flag to indicate climb (1) or cruise (0) phase during initialization

[FLTPLN]

number of differential equations to be infegrated for covariance
matrix propagation [EQNS]

number of points in suboptimal filter gain histories (NK £ 20)
Linput card 24]

conversion factor, 1.64579 x 1074 nm/ft [NATNAV]

logical unit number for input [NATNAV]

count of number of printout pages [NATNAV,SUBIN, SUBOUT]
index to current phase of flight: 0=1.N.S. alignment [FLTPLN]

1 = taxi
2 = climbout
3 = cruise

4= end of flight
number of points in plot arrays [NATNAV,SUBOUT]
number of points in plot arrays [PLOTER]
run number {input card 2]
magnetic tape used to store data for plotting [NATNAV]
number of waypoints in flight plan [input card 3]
.TRUE. for Omega measurements [input card 5]
w, = earth angular velocity, rad/min [FLTPLN]
rotation rate of platform coordinates relative to inertial space
[INS]
latitude and longitude coordinates of ifh Omega station, rad
[OMEG]
wsz = sqﬁure of Schuler frequency, (rc|d/min)2 [INS]

error covariance matrix [multiple programsl
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PGAINS

PHIDOT

PHVEL
LTAPE
PLTARRAY
PSI
PSIDOT
QDF,QDS

QOM1,
QOM?2

QSATI,
QSAT2

QUIT

QVAX,
QVAY,
QVAZ

QVGX,
QVGY,
QVGZ

. QVX,Qvy,

Qvz

QWAX,
QWAY,
- QWAZ’

QWAX,
QAWAY

Table 6. (Continued).

flag to cause printout of optimum filter gains at completion
of run; no printout if PGAINS =0 [SUBIN]

¢ = azimuth rotation rate of 1.N.S., rad/min linput card 7,
INS]

phase velocity of Omega signals, fi/usec [OMEG]
plot output tape [PLOTER]

buffer array for plot routines [PLOTER]

y = platform rotation angle, rad [INS]

{ = platform rotation rate, rad/min [INS]

driving noises for exponentially correlated Doppler measurement

errors, ﬂ“:z/min3 [DOPLRI

driving noises for exponentially correlated Omega measurement

errors, usecz/min [OMEG]

driving noises for exponentially correlated satellite ranging

measurement errors, ft°/min [SATR]
.TRUE. if last run has been processed [SUBIN]
driving noises for exponentially correlated accelerometer errors,

#2/min> [INS]

driving noises for exponentially correlated gyro drift errors,

r<:d2/min3 [INS]

driving noises for exponentially correlated geodetic errors,
#2/min> [INS]

strength of white accelerometer measurement uncertainties,

ffz/min3 [input cards 12,13]

driving noises for exponentially correlated winds (dead-reckoning

option), f2/min> [INS]
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RI
RI2
RICLI
RNM

ROMIT,
ROM2

RPSN

RSATI,
RSAT2

RSYNCH
S

i

]

Table 6. (Continued).
strength of white gyro drift noises, rc:d2/rnin [input cards 10,11]

variance of altimeter random error, f’r2 [INS]
¢ = geocentric radius to aircraft, ft [FLTPLN]
conversion factor, 0.01745329 rad/deg [NATNAVI]

variances of alignment noises, (ft/rnin)2 [ALIGN]

aircraft rate of climb, ft/min linput card 3]
rcos L, ft [INS]

o N2
variances of random Doppler measurement errors, (ft/min)

[DOPLR]

initial o of altitude rate error, ft/min linput card 9]

initial o 's of latitude and longitude rate errors, rad/min [input

card 8]

equatorial radius of earth, ft [EARTHI
/e, #71 (INS]
12, 72 [INS]
Vir cos L), ™' [INS]

geocentric radius to aircraft, nm [SUBOUT]

&

variances of random Omega measurement noises, psec

OMEG])

Iine-of-sight vector to satellite, ft [SATRI

. , s . . 2
variances of random satellite ranging measurement noises, ft

[SATR]
geocentric radius to synchronous satellite, ft [SATR]

arrgy of independent terms of covariance matrix [EQNS,RKUTTA
UPDATE]

P



SALINT,
SALIN2

SALT
SALTD
SATLON(I)
SATRNG

SAX,SAY,
SAZ

SBDF,SBDS

SBOM1,
SBOM?2

SBSATI,
SBSAT2

SD

SGX,SGY,
SGZ

SH2
SHDG
SL

SL2
SLOM(l)

SNDF,
SNDS

SNOMT,
SNOM2

SNSATI1,
SNSAT2

Table 6. (Continued).

o's of alignment random errors, ft/min [input card 14]

o of altimeter random noise, ft [input card 17]

o of altitude rate random noise, ft/min [input card 17]
longitude coordinate of ifh satellite, rad [input card 22]
.TRUE. for satellite ranging measurements [input card 5]

initial o's of accelerometer measurement uncertainties, Ff/min2
[input card 12]

o's of forward and side Doppler scale factor errors [input card 18]

g's of 1st and 2nd Omega L.QO.P. bias measurement errors,
wsec [input card 20]

o's of satellite ranging biases, ft [input card 22]

derivative of S [DIFEQ]

initial o's of exponentially-correlated gyro drift rates, rad/min
linput card 10]

sin2x [SUBOUTI
sin ¢ [INS]

sin L [INS]

sin 2L [INS]
sine of ith Omegq station latitude [OMEG]

o's of forward and side Doppler correlated noises, ft/min [input
card 18]

o's of 1st and 2nd Omega L.O.P. correlated measurement errors,
usec [input card 20] ’

o's of satellite ranging correlated noise, ft [input card 22]
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SRDF, SRDS
SROMT,
SROM2
SRSAT(I)

SRSATI,
SRSAT2

STAT
STRK
SUBOPT

SVWE,
SVWN

SVX,SVY,
SVZ

T,TIME
TAUH
TAUHD
TAUX,
TAUY,
TAUZ

TAX,TAY,
TAZ

TBLUND
TCR
TDF,TDS

TF

TGX,TGY,
1GZ

il

Table 6. (Continued).

o's of Doppler forward and side random measurement noises,
ft/min [input card 18]

o's of 1st and 2nd Omega L.O.P. random measurement noises,
usec linput card 21

distance of ifh satellite north of equator, ft [SATR]

o's of satellite ranging random measurement noises, ft [input

card 23]

Hollerith array for printout of OMEGA stations [SUBINI
sin X [INS]

.TRUE. for suboptimum filtering linput card 5]

o's of correlated wind uncertainties (dead-reckoning option),
ft/min [input card 6]

initial o's of geodetic uncertainties, Ff/min2 [input card 15]

t = elapsed time, min [NATNAV,RKUTTA]
o of altimeter scale factor error [input card 171
o of altitude rate scale factor error, linput card 171

's of gyro torquer scale factor errors linput card 14}

correlation times for accelerometer measurement uncertainties,
min [input card 12]

time at which blunder/malfunction occurs, min linput card 24]
time at which cruise phase begins, min [FLTPLN]

correlation times for forward and sidewise Doppler measurement
errors, min [input card 18] -

time at final waypoint, min [NATNAV]

gyro drift correlation times, min [input card 10}
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THETAW(!)
THW

TIMEH,
TIMEM

TITLE
TL
TM(1)

TOM1,
TOM2

TORQ
TOS
TPSI
TRK

TSATI1,
TSAT2

TSUBK
TWOACC

VA

vCL

VCR

VE{), VN(I)

VELE,VELN
VELW

I

o

1l

Table 6. (Continued).

Wi direetion g waypoint, rad [input card 4]
6 = current wind direction, rad [FLTPLN]

time in hours and minutes [SUBOUT]

output heading linput card 1]
tan L [INS]
arrival time at ifh waypoint, min [FLTPLN]

correlation times for 1st and 2nd Omega L.QO.P. measurement
errors, min [input card 20]

.TRUE. for gyro torque scale factor errors linput card 5]
Hollerith array for printout of type of 1.N.S. [SUBIN]
time of previous platform rotation update, min [INS]

X = aircraft track angle, rad [FLTPLN]

correlation time of satellite ranging measurement errors, min

linput card 22]

times at which suboptimum filter gains are stores; min [input
card 25}

.TRUE. for 2-accelerometer case linput card 7]
.FALSE. for 3~accelerometer case

current airspeed, ft/min [FLTPLN]
airspeed during climbout, ft/min [input card 3]
airspeed during cruisel, ft/min [FLTPLN]

easterly and norrherle/ groundspeed components out of iwi way~-
point, f:l:/min [FLTPLN]

current east and north groundspeed components, ft/min [FLTPLN]
current wind speed, ft/min [FLTPLN]
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Table 6. (Continued).

VFWD, = forward and side components of groundspeed, ft/min [DOPLR]
VSIDE

VG = current groundspeed, ft/min [FLTPLNI]

VW(I) = wind speed at ifh waypoint, ft/min [input card 4]

WX, WY, = gyro torquing rates, rad/min [INS]

Wz

X(400), = arrays for storage of data to be plotted [PLOTER]

Y(400)

XK(20,34,6) = suboptimum filter gain histories [UPDATE]

XX, XY = o's of along-track and cross-track position errors, nm [SUBOUT]
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SECTION 6
HARDWARE REQUIREMENTS

Program NATNAV requires approximately 26,000]0 (62,0008) words of
core to operate on the CDC 3800 computer (word length = 48 bits). Although this
is not an excessively large requirement, it could be reduced more than 30 percent
by using program overlays. The core requirements, including library and system
routines, are summarized in Table 8; the lengths of the NATNAYV programs are those
obtained with the * option (fast execution) of the CDC-3800 FORTRAN compiler
(Ref. 2).

Other hardware requirements include standard system peripherals: card
reader, line printer, up to three magnetic tapes (maximum) or disc, and a plotter.
The logical unit assignments are summarized in Table 9. Normally, the disc file is

used instead of assigning actual magnetic tapes.
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Table 8. Program NATNAYV Core Requirements.

Length (48-bit words)

Routine

Octal Decimal
NATNAYV 1,111 585
SUBIN 4,575 2,429
SUBOUT 707 455
CONFIG 663 435
EQNS 110 72
FLTPLN 656 430
EARTH 72 58
A 62 50
INS 703 451
ALIGN 61 49
DOPLR 256 174
OMEG 330 216
SATR 261 177
UPDATE 416 270
RKUTTA 4,627 2,455
DIFEQ 132 90
T 436 286
GQG 553 363
BLUNDR 24 20
PLOTER 3,216 1,678

24,767 10,743
BLOCK COMMON 20,683 8,603
Lib‘r_ary Routines 5,226 2,710
System Routines 7,105 3,653
Total 61,671 25,709

.




Table 9. Logical Unit Assignments.

CRTRAN Vor
; ; F R ari=
Logical Unit able or Logical Remarks
Unit Number
Card Reader NN Standard card input; Logical Unit
(60) Number assigned in Data Statement
in NATNAV.
Printer MM Standard printout; Logical Unit
(61) Number assigned in Data Statement
in NATNAV.
Magnetic Tape NTAPE Read/write tape used if Plotting
(49) Option is chosen. Logical Unit
Number assigned in Data Statement
in NATNAV.
Magnetic Tape 7 Read/write tape used if printout of
optimum gains option is desired.
Magnetic Tape LTAPE Plot output tape used if plotting
. (5) option is chosen. Logical Unit
Number assigned in Data Statement
in PLOTER
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SECTION 7

NATNAV INPUT DESCRIPTION

All NATNAYV data input is accomplished via punched cards. The input
variables, their units, and the required formats are presented in Table 10. Where
appropriate, typical input values are also given. Some inpufs may require more than
one card, e.g. card 4. Other cards may or may not be required, depending upon
the options selected by the user.

A sample data deck is shown in Table 11. This data is the nominal Boston

to Shannon flight, with Omega updates every 15 minutes; the output of this run

is presented in Section 8.
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COLUMNS

1-80

11 =20

21 - 30

31 - 40

41 - 42

1-2
11 -20
21 - 30
31 - 40
41 - 50
51 - 60
61 -70
71 - 80

Table 10. NATNAV Input Structure.

QUANTITY

Card 1: Mandatory

TITLE = Title of run

Card 2: Mandatory

DT = maximum integration step size
[min]

DTOUT = printout interval [min]
(if DTOUT < 0, optimum
gains will be printed)

DTPLOT = plot output interval (no
plot if DTOUT = 0.0)

NRUN = run number

Card 3: Mandatory

NWPTS = number of waypoints (< 20)
DTA =1.N.S. alignment time [min]
DTT = taxi time [min]

HY = airport elevation [ft]

VCL = A/C climb speed [ki]

RC = A/C rate of climb [ft/min]
MCR = cruise Mach number

~ HCR = cruise altitude [ft]

-

FORMAT

10A8

E10.1

E10.1

E10.1

12

E10.2
E10.2
E10.2
E10.2
E10.2
E10.2
E10.2

TYPICAL
VALUE

1.0

5.0

5.0

15.0
5.0

280.0
1,500.0
0.82
35,000.0



COLUMNS
1-10
11 =20
21 - 30
31 - 40
1-5
6 - 20
11-15
16 - 20
21 - 25

Table 10. (Continued).

QUANTITY FORMAT

Card 4: Mandatory (I = 1,NWPTS)

Card 4 is repeated for each waypoint
in the flight plan, and may require
up to 20 cards depending on the value

of NWPTS.
LAT(1) = latitude at waypoint | [deg] E10.2
LON(I) = longitude at waypoint | E10.2
[deg]
VW(I) = wind direction at waypoint | E10.2
[deg]
THETAW(I) = wind speed at way- E10.2
point | [ki]
Card 5: Mandatory
GYROS = 1 (TRUE) if using gyro L5
drift uncer-
tainty option
ACCEL = 1 (TRUE) if using accel- L5
erometer uncer-
tainty option
TORQ = 1 (TRUE) if using gyro L5
torquer error
option
GRAVD = 1 (TRUE) : iF using geo~ L5

detic uncer-
tainty option

ALTSF = 1 (TRUE) if using altimeter L5
uncertainty optian

=i -

TYPICAL
VALUE



COLUMNS

26 - 30

31 -35

36 - 40

41 - 45

46 - 50

1-10

11 -20

21 - 30

31 - 40

Table 10. (Continued).

QUANTITY

Card 5: (Cont.)

SUBOPT = 1 (TRUE) if using sub~
optimum fil-
tering option

DOPLER = 1 (TRUE) if using Doppler
update option

OMEGA = 1 (TRUE) if using Omega
update option

SATRNG = 1 (TRUE) if using satel-
lite ranging
option

DREKON = 1 (TRUE) if using dead
reckoning op-
tion

Card 6: Reguired if
DREKON = TRUE

SVWN = standard deviation of wind,
north [kt]

SVWE = standard deviation of wind,
east [kt] |

DVWN = correlation distance of
wind, north [nm]

DVWE = correlation distance of
wind, east [nml

- 42 -

FORMAT

LS

L5
LS

L5

L5

E10.3
E10.3
E10.3

E10.3 °

TYPICAL
VALUE

15.0

15.0

800.0

800.0



Table 10. (Continued).

TYPICAL
COLUMNS QUANTITY FORMAT VALUE
Card 7: Required if
DREKON = FALSE
1 1SYS =1.N.S. system type 11 6
1 (TRUE) for 2-accel-
erometer
case
11 -20 TWOACC = L10 1
@ (FALSE) for 3-ac-
celerometer
case
21 - 30 PHIDOT = azimuth rotation rate E10.3 1.0
[rpm] (if ISYS = 5)
31 - 40 AKAP = inertial altitude weighting E10.3 3.0
arometer (if TWOACC =
ALSE)
Card 8: Mandatory
1-10 ENg = initial platform tilt angle, E10.2 60.0
north [arc-min]
11-20 EEF = initial platform tilt angle, E10.2 60.0
east larc-min ,
21 - 30 ED@ = initial platform tilt angle, E10.2 300.0
down [F:Jrc-min]
31 - 40 DLAZ = initial position error, E10.2 0.2
latitude [arc~min)
41 - 50 DLO@ = initial position error, E10.2 0.2
longitude [arc-min]
51 - 60 DHA = initial positidn error, E10.2 2.0

altitude [ft]
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COLUMNS
61 - 70
71 - 80

1-10
1-10
11 -20
21 - 30
31 - 40
41 - 50
51 - 60

T 61-70

71 - 80

Table 10, (Cc-tinued).

QUANTITY

Card 8: (Cont.)

RDLAM = initial rate error, latitude
[arc-min/min]

RDLOM = initial rate error, longitude
[arc-min/min]

Card 9: Mandatory

RDH@ = initial rate error, cltitude

[ft/min]

Card 10: Required if
GYROS = TRUE

TGX =1 Correlation times of

— | correlated noise for gyro
TGY drift uncertainties in x,
7Gz = | v and z direction [min]

SGX = Standard deviation of

_ | correlated noise in x,
PA= and z direction
SGZ - (Qrc-min/hr]

QWGX = | Strength of random
noise for gyro drift un-
> certainties in x and y

QWGY = ‘dire::‘tion [arc-minz/hr]

- 64 -

FORMAT

E10.2

E10.2

E10.2

E10.2
E10.2
E10.2

E10.2
E10.2
E10.2

E10.2

E10.2

TYPICAL
VALUE

0.0

0.0

0.0

120.0
120.0
120.0

0.753
0.753
4.630

3.24x 1074

3.24 x 1074



COLUMNS
1-10
1-10
11 -20
21 - 30
31 - 40
41 - 50
51 - 60
61 -70
71 - 80
1-10

Table 10. (Continued).

QUANTITY

Card 11: Required if
GYROS = TRUE

QWGZ = strength of random noise in

z direction [urc~min2/hr]

Card 12: Required if
ACCEL = TRUE

TAX = Correlation time of corre-
_ lated noise of accelerometer
TAY = Soms S,
uncertainties in x, y and z
TAZ = directions [min]

SAX = Standard deviation of

SAY = correlated noise of accel-
erometer uncertainies in x,

Az = | ¥ and z directions lg]

QWAX = | Strength of random noise
of accelerometer uncer=
tainties in x and y

QWAY direction [ffz/secal

Card 13: Required if
ACCEL = TRUE

QWAZ = strength of random noise of
accelerometer uncertainties

in z direction [ffz/secsl

- 65~

FORMAT

E10.2

E10.2
E10.2
E10.2

E10.2
E10.2
E10.2

E10.2

E10.2

E10.2

TYPICAL
VALUE

3.24 %1074

40.0
40.0
240.0

1.0x107
1.0%10°
9.2 %107

0.0

0.0

0.0



Table 10. (Continued).

' TYPICAL
COLUMNS QUANTITY FORMAT VALUE
Card 14: Required if
TORQ = TRUE
1-10 TAUX = E10.4 0.05
Standard deviation of
11-20 TAUY = ) torquer errors in x, y and E10.4 0.05
z directions [%]
21 - 30 TAUZ = £10.4 0.05
Card 15; Required if
GRAVD = TRUE
1-10 SVX = E10.2 2.4% 107
Standard deviation of geo- 5
11-20 SVY = } detic uncertainties in x, y E10.2 2.4%x 10
and z directions [g] -5
21 -30 SVZ = E10.2 2.4% 10
31 - 40 DX = E10.2 20.0
Correlation distances of geo-
41 - 50 DY = } detic uncertainties in x, y E10.2 20.0
and z directions [g]
51~ 60 DZ = E10.2 20.0
Card 16: - - Required if DTA # @
1-10 SALIN1 = ) Standard deviation of E10.2 0.0222
" alignment random
11 -20 SALIN2 = ) errors [kt] E10.2 0.0222

-Gk 5



COLUMNS
1-10
11 -20
21 - 30
31 - 40
1-10
11-20
21 - 30
31 - 40
41 - 50
51 - 60
61 -70
71 - 80

Table 10. (Continued).

QUANTITY

Card 17: Required if
ALTSF = TRUE

TAUH = standard deviation of altim-
eter scale factor error [%]

SALT = standard deviation of altim-
eter random error [ft]

TAUHD = standard deviation of
V.S.l. scale factor error

(%]

SALTD = standard deviation of
V.S.l. random error

Lft/min)

Card 18: Required if
DOPLER = TRUE

lated noise for forward and

sidewise velocity [min]

TDF = } Correlation time of corre-
TDS =

%\ correlated noise for forward

SNDF = Standard deviation of
SNDS =

and sidewise velocity [kil

factor errors for forward

SBDF = } Standard deviation of scale
and sidewise velocity [%]

SBDS =

random errors for forward

SRDF = } Standard deviation of
and sidewise velocity [kl

SRDS =

by =

FORMAT

E10.2

E10.2

E10.2

E10.2

E10.3
E10.3

E10.3
E10.3

E10.3
E10.3

E10.3
E10.3

TYPICAL
VALUE

0.3

10.0

5.0

50.0

5.0
5.0

0.5
0.5

0.25
0.25

ol]
0.1



COLUMNS

1-10

1
16

21 - 30

31 - 40

41 - 50

51 - 60

61 -70
71 - 80

Table 10. (Czntinued).

QUANTITY

Card 19: Required if
DOPLER = TRUE

DTDOP = interval betwee~ Doppler

measurements [min]

Card 20: Required if
OMEGA = TRUE

IOM1 = ) Indices of Omzga stations
for first line of position

IOM2= ) (L.O.P.)

1OM3 = Indices of Omaga stations

jOM4 = § forsecond L.O.P.

TOMI1 =) Correlation times for
correlated noise for first
and second L.O.P.

TOM2 = ) [minl

SNOM1 = Standard deviation
of correlated noise for

first and second L.O.P.

SNOM2 = |} [usec]

SBOM1 = } Standard deviation of
- ' bias errors for first and
SBOM2 = ) second L.O.P. [usec]

- 6B -

FORMAT

E10.3

E10.3

E10.3

E10.3

E10.3

£10.3
E10.3

TYPICAL
VALUE

10.0

30.0

30.0

5.0

10.0

1.0
1.0



COLUMNS

1-10

11 - 20

21 -30

1-10
11 -20

21 - 30
31 -40

41 - 50

51 - 60

61 ~70
71 - 80

Table 10. (Continued).

QUANTITY

Card 21: Required if
OMEGA = TRUE
SROMIT = Standard deviation of
| random errors for first

and second L.O.P.
SROM2 = } [usec]

DTOM = interval between Omega
measurements [min]

Card 22: Required if
SATRNG = TRUE

SATLON(1) = }
SATLON(2) =

Longitude of satel-
lites 1 and 2 [deg]

correlated noise for

TSAT1 = } Correlation times of
satellites 1 and 2 [min]

TSAT2 =

SNSAT1 = Standard deviation
. of correlated noise for
satellites 1 and 2
SNSAT2 = } [usec]

bias errors for satellites

SBSATI1 = Standard deviation of
1 and 2 [usec]

SBSAT2 =

- 69 -

FORMAT

E10.3

E10.3

E10.3

E10.2
E10.2

E10.2
E10.2

E10.2

E10.2

E10.2
E10.2

TYPICAL
VALUE

0.5

0.5

15.0

-10.0
~-70.0

10.0
10.0

0.2

0.2

0.1
0.1



Table 10. (Czntinued).

TYPICAL
COLUMNS QUANTITY FORMAT VALUE
Card 23: Required if
SATRNG = TRUE
1-10 SRSATI = Standard deviation of E10.2 0.1
random errors for
11 -20 SRSAT2 = satellites 1 and 2 [usec] E10.2 0.1
21 - 30 DTSAT = interval between satellite E10.2 20.0

ranging measurerants [min]

Card 24: Required if
SUBOPT = TRUE

1-2 NK = number of points in suboptimal 12
filter history (NK < 20)

11-20 TBLUND = time at which ¢ blunder/ E10.2
malfunction occurs [min]

Card 25: Required if
SUBOPT = TRUE
1 -80 TSUBK(I) = times correspo~ding to 8E10.2

suboptimal gai~ points
[mi‘nf, [=1,NK



COLUMNS

1-80

1-80

1 -80

Table 10. (Continued).

QUANTITY FORMAT

Cards 26 - 35 are repeated as a group
NK times, once for each value of
TSUBK.

Cards 26 - 30: Required if
SUBOPT = TRUE and
DOPLER = TRUE

KSUBDF(1,J) = Doppler forward gains 8E10.2
at TSUBK(1); J =1,34

Cards 31 - 35: Required if
SUBOPT = TRUE and
DOPLER = TRUE

KSUBDS(!,J) = Doppler side gains af 8E10.2
TSUBK(l); J=1,34

Cards 36 - 45 are repeated as a group
NK times, once for each value of

TSUBK.

Cards 36 - 40: Required if

SUBOPT = TRUE and
OMEGA = TRUE
KSUBZ1(l,J) = Omega first L.O.P. 8E10.2

gains at TSUBK(I);
J=1,34

=7 =

TYPICAL
VALUE



COLUMNS

1-280

1-80

1-80

Table 10. (Continuad).

QUANTITY FORMAT
Cards 41 - 45: Required if
SUBOPT = TRUE and
OMEGA = TRUE
KSUB@2(l,J) = Omega second L.O.P. 8E10.2
gains at TSUBK();
J=1,34

Cards 46 - 55 are repeated as a group
NK times, once for each value of

TSUBK .
Cards 46 - 50: Required if
SUBOPT = TRUE and
SATRNG = TRUE
KSUBS1(l,J) = Satellite #1 gains at 8E10.2
TSUBK(I); J = 1,34
Cards 51 - 55; Required if
SUBOPT = TRUE and
SATRNG = TRUE
KSUBS2(l,J) = Satellite #2 gains at 8E10.2

TSUBK(1); J=1,34

. .

TYPICAL
VALUE
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SECTION 8
PROGRAM NATNAYV OUTPUTS

Each page of the Program NATNAYV printout begins with a heading line
containing an identifying title, date, run number and page number. All input
data for a run is repeated with descriptive identification. Figure 22 illustrates the
printout formats for the sample run whose input data was presented in Table 11.
Page one of the printout repeats the program control data and the flight plan; page
two describes the INS errors; page three presents the Doppler, Omega and/or satellite
ranging measurement errors.

The simulation results begin on page four. The printed output presents the
nominal aircraft latitude (LAT), longitude (LON) and track angle (TRK) as functions
of time. At each printout time, the standard deviation of the INS misalignment

angles, and the position and velocity errors relative to the track are also shown:

EPSN,EPSE,EPSD North, East and Down platform misalign-
ment angles.

DX,DY Along- and cross-track position errors.

DH Vertical position error.

DXDOT,DYDOT Along- and cross-track speed errors.

DHDOT Vertical speed error.

In addition to the printouts at the specified interval, the program also prints at each
waypoint and after each external measurement.

If the automatic plotting option is selected, the time histories of the position
and velocity errors will be plotted with appropriate identification, as shown in
Figure 23. The error history data is temporarily stored on logical unit NTAPE (normally

49) during the run. This data could be saved for later analysis, e.g. collision
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risk studies, by equipping this unit as a magnetic tape prior to execution. The
information is recorded in binary format with odd parity; each logical record contains

the following data (in order):

TIME Simulation time (hours).

EN,EE,ED North, East, Down platform misalignment
angles (deg).

DH Altitude error (ft).

DX,DY Along~ and cross-track position errors
(nm).

DHDOT Altitude rate error (ft/min).

DXDOT,DYDOT Along- and cross-track speed errors (kt).

If the update gain printout option is selected, the 34 optimum filter gains
for each measurement will be printed at the completion of the run. The gains are
temporarily recorded on logical unit 7, which could be saved for future analysis

in the same manner as the plot data above. Each logical record contains the following

data:
TIME Simulation time (minutes).
MTYPE Flag indicating type of measurement:
3,4 = forward and sidewise Doppler
measurements
5,6 = 1st and 2nd Omega L.O.P.
measurements

7,8 = lIst and 2nd satellite ranging
measurements .

KOPT 34 optimum filter gains.
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SECTION 9
PROGRAM OPERATION

Program NATNAYV is run as any standard Fortran program; using either
source or object code decks. The normal deck structure is depicted in Figure 24.
The format of the input data deck has been presented in Section 7; the selection

of the various options is summarized below.
9.1 PROGRAM OPTIONS

) OUTPUTS

If DTPLOT = 0., no plots will be generated; otherwise the standard deviations
of the position and velocity errors will be plotted as functions of time in an along-
track, cross-track and vertical coordinate system.

If DTOUT is input as a negative value, the optimum update gains calculated
by the program for each measurement will be printed at the end of the run. The

standard printout history will be generated using the absolute value of DTOUT.

) INS MODEL

The accuracy (and corresponding complexity) of the INS error model is specified

by the following logical input parameters:

‘1 (TRUE)  Random and exponentially-correlated gyro
drift errors are included.
GYROS= .
0 (FALSE) Gyro drift errors are neglected.
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DATA
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SUBLOUTING
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=
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[ procrAm | |
BATHAY
. .

108 CONTROL
CARDS

Figure 24. Program NATNAV Deck Structure.
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1 (TRUE)

ACC =

0 (FALSE)

1 (TRUE)
TORQ =

0 (FALSE)

1 (TRUE)
GRAVD =

0 (FALSE)

1 (TRUE)
ALTSF =

0 (FALSE)

Random and exponentially-correlated accelerometer
measurement uncertainties are included.

Accelerometer measurement uncertainties are
neglected.

Gyro torquer scale factor errors are included.

Gyro torquer scale factor errors are neglected.

Exponential ly-correlated geodetic uncertainties
are included.

Geodetic uncertainties are neglected.

Random and scale factor errors in the altimeter
and vertical speed indicator are included.

Altimeter and vertical speed indicator errors
are ignored.

The configuration of the INS being modeled is determined by the input

values of 1SYS and TWOACC. The type of inertial system is selected from the

following options:

1

2

3
ISYS = + 4

5

6

| 7

1 (TRUE)
TWOACC =

0 (FALSE)

Space stabilized
Local level

Free azimuth
Strapdown
Rotating azimuth
Unipolar

Wander azimuth

2-accelerometer INS

3-accelerometer INS

IFISYS =1 or 4, TWOACC will automatically be set to FALSE.
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) DEAD-RECKONING OPTION

If DREKON = 1 (TRUE), the dead-reckoning navigation mode is simulated.
In lieu of an INS, the pilot uses airspeed, gyroscopic heading information and

predicted winds fo estimate his groundspeed and position.

® NAVIGATION UPDATES

One or more types of external measurements can be selected for improving

the navigation system position and velocity estimates:

1 (TRUE)  Doppler radar measurements are included.
DOPLER =

0 (FALSE) No Doppler radar measurements.

1 (TRUE)  Two Omega line-of-position measurements

are included.

OMEGA =

0 (FALSE) No Omega measurements.

1 (TRUE)  Two satellite-ranging measurements are included.
SATRNG =

0 (FALSE) No satellite-ranging measurements.

° SUBOPTIMUM FILTERING

If SUBOPT = 1 (TRUE), a set of input filter gain histories is used to update
the position and velocity estimates; otherwise the optimum gains calculated by NATNAY
are used to incorporate the measurement information. The input filter gains are

assumed fo be piecewise linear functions of time.

° BLUNDER/MALFUNCTION OPTION

The effects of a specified blunder or malfunction can be examined by using

==



the Suboptimum Filtering Option. If SUBOPT = 1 (TRUE) and TBLUND > 0., the
optimum filtering gains are used until time = TBLUND. Appropriate changes in the
error estimates, system noises, measurement accuracies, etc. are made (via the user-
supplied subroutine BLUNDR) at time = TBLUND; the simulation then continues

using the input gain histories. These will have been generated by a previous NATNAYV

run without the blunder/malfunction (using the optimum gain printout option).

9.2 EXECUTION TIME

The execution time of the simulation will vary considerably depending
upon the length of the simulated flight, the integration step size, the number of
errors included, the types and frequency of the measurements being made, and the
output options selected. To provide an indication of the running time, the sample
case presented in Section VIl required 4.1 minutes to simulate a five hour flight,
plot the results and print the optimum filter gains. This is about a 75 to 1 ratio
of simulation time to execution time. For comparison, the CDC-6600 version of the

program requires less than 20 percent as much time for execution.

9.3 DIAGNOSTICS

Program NATNAYV has been made as self-sufficient as possible. No diagnostics

will be produced other than the standard CDC-3800 execution error messages.
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SECTION 10
PROGRAM RESTRICTIONS AND MODIFICATIONS

In developing Program NATNAY it was endeavored to achieve a reasonable
compromise among conflicting factors, such as simulation realism, program simplicity,
flexibility, ease of operation, and computer requirements. However, as experience
with the program is gained, as objectives shift, and as new applications emerge,
various modifications to NATNAV will undoubtedly be required. Several possible

restrictions and potential modifications are discussed below.

° BLUNDER/MALFUNCTION STUDIES

As mentioned earlier, the analysis of most specific blunder or malfunction
situations will require modification of Subroutine BLUNDR. The example implemented
in the existing BLUNDR is a sudden 24 nm lane shift in the first Omega line-of-
position measurement. Other situations would be simulated by replacing cards
NAT20700 through NAT20740 (see Program Listing) with the appropriate statements.
For example, a gradual doubling in the correlated drift rate of the INS azimuth gyro

would be simulated by inserting the following statement:

QVGZ = 4.0 * QVGZ NAT20700

) SUBOPTIMUM GAINS

The present version of NATNAV permits the user to input a set of suboptimum
filter gains, which are defined at up to twenty instants of time. To model filter
gain histories in greater detail, the user could increase the dimensions of the variables

TSUBK, KSUBDF, KSUBDS, KSUB@1, KSUB@2, KSUBS1, and KSUBS2 in Common
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Block BSUBOP. Those programs requiring these changes can then be determined by
reference to Table 4. |n addition, the first dimension of XK in Subroutine UPDATE

would also need to be increased appropriately.

» PLOTTING EXTENSIONS

Subroutine PLOTER is presently dimensioned to plot up to 400 data points
in each error history, which should be sufficient for most North Atlantic simulations.
However, to plot a simulated five-hour flight with updates every minute (600+
data points) the dimensions of X and Y in PLOTER would have to be increased (Card
NAT20900). Also, the limit size on card NAT21350 would require a corresponding
change.

In addition to the position and velocity error histories, PLOTER will plot
the INS platform misalignment angles by merely changing the upper range of the
DO loop beginning at card NAT21340 from é to 9.

Additional quantities can be plotted with somewhat more effort. First,
the appropriate data must be saved by appending it to the WRITE statement on card
NAT6590 in subroutine SUBOUT. In PLOTER, the dimension of DUM (card NAT20900)
and the upper range of the DO loop (card NAT21420) must also be increased. Other
additions would be required in PLOTER as appropriate to define the size and labelling

of the new plots.

e FLIGHT PLAN ALTERNATIVES

Program NATNAV accepts flight plans consisting of position and wind
data at a series of up to 20 waypoints. To accommodate additional waypoints, the

dimensions of all arrays in Common Block BFLTPN could be increased appropriately.
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Following normal operational orocedures, the nominal route between pairs of waypoints
maintains a constant track over the earth's surfuce. Great circle routes can be
approximated by selecting appropriate waypoints along the precalculated great circle
path. Alternatively, subroutine FLTPLN could be altered to calculate the actual
great circle route between waypoints. (See References 5 and 6 for available great
circle route subroutines.) A constant, average wind is used for groundspeed and
heading calculations between waypoints. Although this is quite reasonable considering
the accuracy of winds aloft forecasts, the nominal wind data could be generalized
in space and time at the cost of added input complexity and additional calculations
in Subroutine FLTPLN. The cruise altitude, now assumed constant, could be made
variable by specifying a desired altitude at each waypoint, and beginning a climb
as necessary to reach the new altitude at the waypoint.

The aircraft characteristics are defined simply in terms of constant climb
speed, rate of climb, and cruise Mach number. No dynamics or attitude motions
are included since they occur so rapidly relative to the time frame of interest in most
navigation analyses. However, in certain cases, e.g. a detailed simulation of a
strapdown |1.N.S., a more accurate representation of the aircraft/pilot response
characteristics might be necessary. For those situations, more realistic error models,

such as those in Reference 7, could be included in Subroutine FLTPLN.

° ERROR MODELS

Detailed descriptions of the error models implemented in NATNAV are
presented in Volume 1 (Ref. 1). However, the modular design of the program will
permit the analysis of alternate or additional error models without great difficulty.

For example, the simulation of an 1.N.S. updated with VOR/DME information
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could be achieved either by replacing an existing system, such as satellite ranging,
or by adding the VOR/DME model to the existing ones. Since the VOR/DME errors
can be modelled as two biases and two exponentially-correlated noises (Ref. 7),

this model could be easily implemented by replacing the calculations in Subroutine
SATR with those for the VOR/DME errors. The location of the VOR/DME stations
could be input via the arrays SATLAT, SATLON and HSAT in Common Block BSATR,
and the logical variable SATRNG would be used to indicate VOR/DME measurements.,
To prevent confusion, the printouts referring to satellite-ranging measurements in
SUBIN and SUBQUT should also be changed.

To add VOR/DME measurements, or others, to the existing program, q
logical variable would be added to Common Block BLOGIC to indicate these measure-
ments, and another common block would be inserted to transfer all pertinent data.
SUBIN would be modified to read the appropriate inputs. A new subroutine would
be required to calculate the optimum filter gains for the VOR/DME measurements.
NATNAYV would test the new logical variable, and call this subroutine to update
the covariance matrix if necessary. The dimensions of the covariance matrix in
Common Block BCOVAR, and the arrays in Common Blocks BINDEX and BINTEG
would be"increased to accommodate the additional error state variables. The data
statements in Subroutine EQNS for the index arrays Il and JJ would be changed,
and appropriate additions would be required in Subroutine CONFIG to set up the
differential equations for the covariance matrix. Functions T and GQG would need
simple additions to calculate the new derivatives, and minor changes would be necessary
elsewhere in the program to accommodate the increased dimension of the covariance

matrix.
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) TIME-SHARING VERSION

A time-sharing version of NATNAV would involve primarily modification
of the input/output portions of the program. Most input data would presumably be
kept on a separate file rather than being typed in for each run. Subroutine PLOTER
might be run as a separate program to generate off-line plots. A number of other
efficiencies could be made in a time-sharing version to minimize core-storage,
execution time and remote terminal connect time. For example, it might be specialized
to simulate only local~level type INS's, thereby eliminating four error state variables;
or the secondary 1.N.S. component errors (gyro torquer scale factor errors and
geodetic uncertainties) might be deleted, to save six state variables; or the 4th-order
Runge-Kutta integration routine might be replaced by a faster, but less accurate
technique. All such changes would depend upon the applications anticipated for

the time-sharing version.
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SECTION 11
PROGRAM LISTING

The following pagss present a complete FORTRAN 1V listing of the NATNAV
simulation program for the Naval Research Laboratory's CDC 3800 computer facility.

For the user's convenience, a Table of Contents for this listing is given below:

Program Page
NATNAY 102
SUBIN 106
SUBOUT 112
CONFIG 114
EQNS 137
FLTPLN 118
A 122
EARTH 123
INS 124
ALIGN 129
DOPLR 130
OMEG 132
SATR 134
UPDATE 136
RKUTTA 138
DIFEQ 139
T 140
GQG 142
BLUNDR 145
PLOTER 146
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1

1

&

PR2GRAM NMATNAY
COC-38G00 vERSIEN (NRL) 2713773

COUMAN ,BALIGNY SALINL,SALINZ, RALINL,RaALINZ
CUMAN/BALT/TAUH,SAL T, TAURD,SALTD
CEMMAN /BCONST/RADPDG, DEGPRD,FTPNM,NMPFT, MINPRD, AMLE
CtMMaN /BCOVAR/ P(34,34)
CEMMON /BLCBPLR/ TDF,TDS,SNDF,SNDS, SRDF,SBDS, SRNF,SARDS,
DTPGP, GNDF, QDSs ROF, RDS
CEMMAN , BFLTPN/ DTA,DTT, HQ, VCL,RC,MER,HCR(NWPTS, LAT(20),
LEN(20), THETAW(20), VW(20), TCR, TM(2r), VN(2n),
VE(20)
CEuMaN /BINDEX/ 11(SB5), JJ(585), KK(585)
CC4MEN /RINIT/ INIT
CEMMAN , BINS1/ISYS,EEN, ENO,ENO,DLAO,DLOO,ROLAOCRRLAD,DNO,
RDHQ,AKAP, PHIDOT, OMS2,FN,FFE, FD

1 .
CEMMBDN /BINS2/TGX,TGY.TGZ,»ONGX,0WGY, OWGZ,S6XSGY.SGZ,

Cad NY 32

L RO =

QVGX,QVGY.CVGZ,TAX,TAY, TAZ,QWAX,DWAY,QWATZ,
SAX,SAY,SAZ,QVAX,QVAY,CVAZ, TAUX, TAUY,TAVZ,
DX,DY,DZ.,SVX,S5VY,SVZ,QVX,0QVY,QVZ,0ONH

Ca@Mu4@N /BINS3/ C11,£12,C13,€21,C22,C23,C31,C32.C33,
F125F13lF17|r21|F23|F31.F32_.F37-F62,F63.F643F661
F87,F68.,F69,F71,F?3,F74,F76,F727,F78,F79,F91.,F92,
FOA4,F96,F97,F98,WX, WY, WZ

COMMAN /BINTEG/ S(585).5D(585), DT,DT0%,NEQ

CeMMeN /BLOGIC/ GYRBS,ACCEL,TORQ,ALTSF,GRAVD, INSS, TWOACC,
DBPLER,O“EGA.SATRNG, SUBGPT, DREKON

1
COMMON /BNBM/ NPHASE,H.HDBTALATR,ALAT,ALON,ALANR, ALB,

@l D -

)

&

VR o n =

ALRLAY, VG, VA, VELN, VELE, VELW, TRK, HDG, CRB,
THW, R, RI, RI2, G, SL, CL., YL, sL2, CL2, cLl,
RICLI, CTRK,STRK, ALAT2, CHDG, SWDG,RCL

CouMON /BOMEGA/ 1M1, 1@M2, 10MJI, l8M4, TEMi, TOM2, SNOM4., SNOM2,
SBAM1, SBOM2, SROM1,SRGM2,DTAM,QGOM1,00M2,
R@M1,ROM?2

CGMMON /BDRKN/SVWN,SVWE,DVWN,DVWE

CAMMON /BPLOT/ DYPLAT,NPLOT,NTAPE

COMMEN /BSATR/ SATLAT(2),SATLON(2) ,HSAT(2),TSAT1,.7%AT2,
SNSAT1,SNSAT2,SBSAT1,SBSAT2,SRSAT1,5RSAT2,
DTSAT,0SAT1,QSAT2,RSATL,RSAT2

COMMON /BSUBBP/NK, TSUBK(20),KSUBDF(2n,34), KSUBDS(20,34),
KSuBni(2n,34), KSUBQ2(20,34), MSUBS1(20,34),
KSUBS2(20,34),PGAINS, THLUND

CEMMON /BLU/NN, MM

CemMaN /BTIME/ TIME

COMMAN /BTITLE/TITLE(10)., NRUN, NPAGE,DTOUY, LINE,M@, IDAY, 1 YEAR

COMMON /BUPDAT/ ALFA,KGPT(34), MTYPE

DIMENSI@N XTYPE(6) _
REAL LAT,L@N,MCR,NMPFT,MINPRD, K@PT,KSUBDF,KSURDS,KSUBOL,KSURQ2,
KSUBS1,KSUBS2

i :
LeGICAL GYROS,ACCEL,TORQ,ALTSF,GRAVD,INS9,THWOACC,DOPLER,AMEGA,

SATRNG,QUIT,INIT,SUBBPT,DREKEN

1
DAYA (RADPDG=(g.p1745329),(DEGPRDa57,29878},(FTPNM=6(76,12),

i

(NMPFTx=1,64579E~4), (MINPRD23437,747)
DATA {XTYPE=7HDEP FyD,8HDOP SIDE,8HAMEGA vi,8HOMEGA w2,
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X R
L

IVAT
NAT
AJA'
NAT
NAT
NAT
NAT
NAT
NAT
NET
AT
NAT
MAT
NAT
NAT

A~
AT

MNAT
NAT
NAT
NAT
NAY
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
MAT
NAT
NAT
NAT
NAT
NAT
NAT
NAY
NAT
NAT
NAY
NAT
NAT
NAY
NAT
NAT
NAT
RAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT

5,

OQACYLYI O o0

o\

N

a0

290
3o
310
326
33n
340
359
360
372
380
390
400
410
4290
43p
449
480
460
470
480

490

500
510
520
530
549
550
560



[@ W'y |

10

IN1

3n

INT

49

1c0

1 AHSAT w1, 6HSAT w2 )
CATA (NN=60), (MM=61) , (NTApEm49)

MEL AT =0
CALL UATE(“B,1DAY,IYEAR,JDAY)

READ INPUT DATA
TUlT=,FALSE,
CALL SUBIN(QUIT)
IF(QUIT) G& YO 900

TIAL{ZATIgN

It (PGAINS,GT,0,0y REWIND 7
NPLETSO

If (DYPLAY,EQ.0.,0) GO YO 25
MPLQT=MPLET+1

NP_@T=1

REWIND NTAPE

TEUT=0,

LINE=51

DT1=DT

IWNPTSEl

L5 30 1=1,34
D 2o J=1,34
PC1,J)=0.0

TIAL CGNDITIONS

TIME=(,

INIT=,TRUE,

CALL FLTPLN (TIME)
TFeTM(NWPTS)
TDAP=TOMEG=TSAT=z1,0E10

1F ( TBLUND,LE,0,0) YBLUNDmi 0E10
CALL INS

CALL ALIGN

IF (,N8T,CBPLER) G2 TO 34
TDOP=TM(1)+DTDBP

CALL DOPLR

IF (NOT,8MEGA) G6 TE 36
TOMEGETM(1)¢DTOM

CALL BMEG '
IF (.,NOT,SATRNG) GO YO 38
TSAT=TM(1)eDTSAY

CALL SATR

INIT=,FALSE,

CALL CONFIG

CPTIME=TIMEF (DUMY)
WRITE(MM,40) CPTIME

FORMAT (//5X,#1C,P, TIME =u,E14,68,%)»)

CALL SUBOUT(O)
TOUT=TBUT+DTOUT

INTEGRATE CBVARIANCE MATRIX

TiaTIMELDYL

DTaAMINI(TL,TOUT,TF,TDAP, TOMEG, TSAT, TM([WPTS), TBLUND)=TIME
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CALL FLTPLN{TIME)
CaLL [NS

CHECKX BLUNDER/MALFUNCTIAGN
It (TIME.EQ,TBLUNE) GO TO 300

ALIGNMENY MODE
IF (NPHASE,EQ.1.AND,DRFKON) NPWASE=D
IF (NPHASE.EQ.0.AND, . NAY DREKON) CALL ALIGN
PRINT AUT AT EACH WAYPEINT
NI:AS:O
IF (TIME.NE.TM(IWPTS)Y) GO TO 215
TF (TMCIWPTYS)-TCR) 120,130,140
WRITE(MM,125)LFTS
FERMAT(L1H ,6X,9HWAYPAINT ,12)
GE TB 150
WRITE(MM,135)
FORMAT(1H ,6X,12HBEGIN CRUISE)
GE 70 150
JWPTS=IWPTS~1
WRITE(MM,125)JWPTS
IHPTS=2IWPTSe1
LINE=LINE»1
MEAS=~1
CALL SUBBUT(MEAS)
CLIMR/CRUISE MADE -~ MEASUREMENTS
GO TO (250,250,210,210,800) ,NPHASE#1
IF(,NOT,DOPLER) GB YO 220
IF (TIME.LT.TDGP)Y GO TP 220
IF (MEAS,EQ,0) CALL SUBQUT(MEAS)
MEAS=1
CALL DOPLR
CALL SUBOUT{MEAS)
TLOP=TD@P+DTDEP
IF¢{,NOT,OMEGA) GO TH 230
[F (TIME.LT,TOMEG) GB YO 230
1F (MEAS.EQ,0) CALL SUBOUT{MEAS)
MEAS=2
CALL OMEG
CALL SUBOUT(MEAS)
TOMEGaTOMEG+DTOM
IF(,NBT,SATRNG) GB T 250
IF(TIME,LT,TSAT) GO Y& 250
IF (HEAS.EQ,0) CALL SUBRBUT(MEAS)
MEAS=3
CALL SATR
CALL SUBAUT(MEAS)
TSAT=TSAT+DTSAT

IF (TIME.LT,TOUT) GO TO@ 100

IF (MEAS.EGQ,0) CALL SURBUT(MEAS)
TEUT=TOUT+DTOUT

GG Te 100

o
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BLUNCRR/MALFUNCTYION CASE

100 CALL SUBGUT (~-1)

Jin

Eln
820

EQ0 FORMAT(LHO,50X,4Hess

949

550
260

WRITE
FoaMaT

(MM, 310)
(1HO,)5X,3Hwew, «RLUNDER/MALFUNCTIQON AT THIS YIMEs,3Heww)

LiME=LINEey
CALL BLUNDR
THLUND=1,0E1N
SUR@PT=,TRUE.

McAS=(Q

GG TO 250

END @F RUN

IF (MPLOT,EQ.0) GO YO 820
NPFLOAT=NPLBT -1

REWIND NTAPE

CALL PLOTER (MPLET)

WRITE
FORMAT

(MM,810)

(1MDy5Xs19KTHIS RUN IS PLBYTED/)

IF (PGAINS.EQ,0.0) GO TO 850

PRINT QUT AND PUNCH OPTIMUM UPDATE GAINS

ENDFILE 7
REWIND 7

CALL SUBAUYT(-2)
WRITE(MM,500)

/)
WRITE
FORMAT
J=1
LINE=J

(62,505) NRUN
(#BPTIMUM UPDATE GAINS FBR RUN NB.s,14)

READ(7) T,MTYPE, (KBPT(1),1a21,34)
IF (EBF,7) 550,520

IF (LINE,GE,54) CALL SUBBUY(-2)
N=MTYPE-2

WRITE(MM,530)

(1X:9E14,6))
TSUBK(J)=Y

JeJel

WRITE (62,540) (KBPT(1),121,34)

FORMAT

(8E10.3)

LINE=LINE«5%
G@ TO 510

WRITE
FGRMAT

(62,560) (TSUBK(1),lmd,J)

(»TSUBK ARRAys/(8E10,3))

CPTIMESTIMEF (DUMY)
WRITE (MM,40) CPYIME
GO TO 1o

END OF J®B

IF (MPLBT,GT.0) CALL PLBTER(~1)

sToP
END
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»*BPTIMUM UPDATE GAINS FOR THIS RUNw,4H wss,

ToXTYPE(N), (KOPT(I),I=x1,34)
FORMAT (9KQees T & ,F7,3,1X:AB,4H s00,7E14,6/
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SURRALT vz SuslIN (QuTTy
THIS SyUBREYTINE BEADS AND PRIN-S [NP,T DATA,

CoevMaN sRALIAN/ SALINLL,SALINZ, RALINZ, DALIAZ
COMMEN/BALT/TAUR,SALT,TAUHD,54LTD
CEMMON /BDGPLR/ TLF,TDS,SNDF,SMDS, SADF,SBRS, SR0NF,S5RDS,
1 RTIEP, GOFf, 2DS, ROF, RDS
CiMuaN s9CRAKN/SVUN, SYWE, DVUN, DVKE
CivMBN 7 BFLTPN/DTA,DRTT,H0, VCL,RC,MCR,HCR,NWPTS, LAT(20),
1 LEN(20), THETAW(2p), VW(20)s TCR, TM(2n), VN(2n),
g VE(2p)
CiwuaN s BINS1/1SYS,EEN, ENO,EDD,DLAC,NLOO0,RELAQ,ROLAD,DHO,
RDHQ,AKAP, PHIDBT, OMS2,FN,FE, FD
CEMMAN /BINS2/7GX, TGY,TGZ,IW5GX,AWGY,CW6Z,S6X,S6Y, 587
OVGX,QVGY,QVGZ, TAX, TAY,TAZ, QWAX,QWAY,QWAZ,
SAX,SAY,SAZ,CVAX,QVAY,QVAZ, TAUX, TAUY,TAUYZ,
CX,CY,D2Z,SVX,SVY,SVZ,QVX,QVY,QVZ,awH
CoMMEN /BINTEG/ 5(585),SD(585), JT.DT{(5,NEQ
CEMMAN /BLEGIC/ GYROS,ACCEL,TORQ,ALTSF,GRAVD,.INS?,ThAACC,
1 DEPLER,BMEGA,SATRNG,SUBBPT, DREKGN
CEMMAN /BLU/NN,MM _
CEMMON /BGMEGA/ I1GM1, 16M2, 1OM3, 18M4, TOM1, TOM2, SNOML, SNOM2,
1 spovMi, SROM2, SROML,SROM2,DTAM,QAMY,00M2,
2 R@M1,ROM2
COGMMON /BPLGT/ DTPLOT,NPLBY,NTAPE
CEGMMBN /BSATR/ SATLAT(2),SATLON(2),HSAT(2),TSAT1,TSAT2,
1 SNSAT1,SMNSAT2,SBSATL,SBSAT2,SRS5ATL,SPSAT2,
¢ DTSAT,0SAT1,0SAT2,RSAT1,RSAT2
CEMMAN /BSUBOP/NK,TSUBK(20) ,KSURDF(20,34), KSURDS(?0,34),
1 KSUBN1(2n,34), KSUBP2(20.34), KSUBS1(20,34),
2 KSUBS2(2n,34),PGAINS, TRLUND )
CEMMBN /RTITLE/TITLE(10), NRUN, NPAGE,DTOUT, LINE,MO,INAY,I1YEAR

foy

Cd NY P

LEGICAL TWBACC,GYRAS,ACCEL,TARG,B8RAVD,ALTSF,INS9,QU]T,SUREPT
LEGICAL DOPLER,BMEGA, SATRNG, DREKAN

CIMENSIGON T0S5(2,7),STAT(2.8)

REAL MCR,LAT,LGN,KSUBDF,KSUBNS,KSURQL,KSUBR2,KSURSY,KSUBS2

CATA (STATE&HNORWAY,4H ,BHTRINIDAD,LH ,6MHAWAIT,1H ,8HN DAKOTA,
b | 1H ,BHREUNIGON ,1H ,RHARGENTIN,1HA,BHN TASMAN,2HIA,BHJAPAN,
¢ 1H)

DATA (TESa8HSPACE ST,8MABILIZED,8HLOCAL LE,3MVEL,BHFREE AZIl,

1 4HMUTH,; 7HSTRAPDO , 2HWN, BHROTATING, 84 AZIMUTH,BHUNIPOLAR,1H
2 8HWANDER A,6HZIMUTH)

CATA (NGRTH=2H N),(SOUTH=2H S), (EASTN2W E), (WEST=2H W)

READ (NN,11) TITLE

FORMAT (10A8)

IF (EQF,NN) 1,2

QUIT=,TRUE.

RETURN

NPAGE=1

NRUN=NRUN+1

READ (NN,5) DT»DTBUT,DTPLOT,NRUN
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FUGMATI17%,3213,4,12)

(3TOUT,GT.0.03 Ga T 1000
TYTE=DTEUT
PGAINS=1,0
CALL SUBOUT(-2)
WRITE (MM,1005)
FORMAT (1M0,61%, sNATNAV INPUTSs/ 40X,55(1k-))
WRITE (MM,1010) DT,DTOUT

FEQMAT (1HN,44X,sINTEGRAT]IAON STEP~SIZE = e,F6,2,6%,eM[NUTFSs/y
49%, sPRINTELT IMTERVAL = ,F672,6X,sMINUTERe,)
IF (DTPLAY,NE,0,) WRITE (MM,1015) DTOUT

IF (DTPLOT.ES.0,) WRITE (MM,1020)
FERMAT (1M ,45%,»PLAT AUTPUT INTERVAL = #,F4,2,6%X,sMINUTES®///)

1 FORMAT (1K ,64X%,sN@ PLATe/// )

READ (NN,10) NWPTS,DTA.DTT,HOsVCL,RC,MCR,HCR

FGRMAT (12,8%,7E10.2)

READ (NN,20) (LAT(I},LONCI) VWLI),THETAWCL), 121, NWPTS)

F@RMAT (4E10.2)

WRITE (MM,1025)

FORMAT (1M0,59%,sFLIGHT PLAN DATA®/ S8x,10(2H~ )}

WRITE {MM,1030)DTA,DTT,Ho»VCL,RC,MCR,HER

FORMAT (1Wn, 48X, eINS ALIGNMENT TIME z0,F8,2,4X, eMINUTES»/ /47X,
sTAX] TIHE‘.13X,'l‘:FB-ZMXptMINUYES'//‘?Y.
@AIRPARY ELEVATION®,5%, a8 ,F8,0,4Y,sFEETn//47Y,
wA/C CLIMB SPEFD#»,7X,»ns,F8,0,4X,sKNOTSe//47X,
oA/C RATE ©F CLIMBe,5X,0me,F8,0,4X,sFT/MINa//47Y,
»CRUISE MACH NUMBERw,4X,*8e,F8,3//47X,«CRUISE ALTITUDES,
7X,830,F8,0,4%X ,»FEET//
/61X, *ROUTE OF FLIGHT »//20%,sWAYPDINT »,44%,eLATITUDES,
14X,LONGIYUDEw, 14X, *WIND DIRECTION#, 14X, sWINN SPEEDa/

44X, o (DEG)®, 18X, »(DEG)®, 24X, 0 (DEG)®,2aX, s (KYS)u/ /)

BC 100 l=1,NWPTS

XLATcABS(LAT(I))

XLON=ABS(LEN(I))

NORSzNORTH

EORW=WEST

1F (LAT(I).LT.0.0) NORS=SOUTH

IF (LON(I),GT,0,0) EORW=EASY

WRITE (MM,105) I+ XLAT:NBRG, XLON,EGRW, THETAW(TI ), V(1)

FORMAT (23X,12,18X,F7,2,A2,14X,F7,2,42,2(20X,F5,1))

CALL SuBeuT(-2)

READ (NN,35) GYRGS,ACCEL,TORQ,GRAVD,ALTSF,SUREPT,DOPLER,
OMEGA,SATRNG, DREK®N

FERMAT (10L5)

IF (,NOT,DREKEN) GO TG 1034

READ (NN,1031) SVWN,SVWE,DVWN,DVWE

FORMAT (4E10.3)

WRITE (MM,;1032) DVWN,DVWE,SVWN,SVKWE

FORMAT (1HN,50X,eCEAD~RECKONING APT]ONe/SgX,12(2Hs ) //3¥,
*WIND STAT[STICSs,32X,sCORRELATIGN NISTANCES (NM)s,37X,
*NQRTH =w,6%,F7,2/98X%,%EAST =e,7%X,F7,2//50X%.
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3 *STANDARD DEVIATIENS (KY)w, 20X, oNBRYH -+,6€X,F7,2/95X%,
4 «EAST =w,7%X,F7,2//)
ACCEL=.FALSE.
SrAVDE,FALSE,
INS3=,FALSE,
TWEACT=, TRUE,
ISYS=2
GE TA 1047
1034 WRITE (MM,1035)
103% FGRHMAT (1HN,81X,=].N.S7 DATA#/81X:7{2H- ))

READ (NN,25) ISYS,TWOACC,PH]DOT,AKAP
25 FGRVAT (14,9X.L16,2E10.3)
IF (ISYS.EQ,1.CR.ISYS.,EQ.4) TWMACCa,FALSE,
IF (TWRACC) N=2
IF (.NAT,TWOACC) N=J3
If (TWMACC) INS9=,FALSE,
IF (.NOT,.TWBACC) INS9®=.TRUE,
IF (INS59) Me9
IF {.NBT,INS9) M=7
WRITE (MM,1040)N,ISYS,(TBS(I,15¥S),1=1,2), M
104n FORMAT (1M0,15X,12,%~ ACCELEROMETER CASE+,413%.,eTYPE«, ]2,
1 e SYSTEMe,?%,2A8, BX,12,» « STAYE VARIA®LE I,N,S, »,
2 sMADEL )
IfF (ISYS.NE,5) GO& T@ 1047
WRITE (MM,1045) PRIDOT
1C4% FGRMAT (1MW ,48X,sAZ{MUTH ROTATION RATE -», F8,3,% RAD/SECH)

1047 READ(NN,30) ENO,EEO0,EDO,DLAD,DLBO,DKO,RDLAD,RDLBO,RDHD
) FBRMAT (8Ei1p.2)

WRITE (MM,10S0)ENO,EEG,EDO,DLAD,DLO0,DHO,RBLAG,RDLAC’, RDHE
1050 FGRMAY (1MO,3X,aINITIAL CONDITIONSe,29%,sPLATFBRM YILT ANGLESs,
25X, oNORTH »e,8XsF7,2,2% (ARC~MIN)&/OX,e(1uSIGMA)*, 78X,
sEAST cw, 6%, F7,2,8 (ARC-M[N)n/96)X,»DOWN =~w,48X,F7.2,

F?7,2,% (ARC~MINY® /96X,sLONGITUDE » «,F7,2s (ARC~-MIN}e,
98X, #ALTITUDE =~ o,F7,2,% (FEET)s//51X,%RATE ERRORSs,
JaX,aLATITUDE =~ &,F7,2,% {ARC-MIN/MIN)+/98X,» ONGITUDE =

N OAD AN

If (GYROES,0R,ACCEL.OR,TORQ,BR,GRAVD,BR,ALYSF) WRITE (MM,10%5)
1059 FORMAT (1H ,97X,aX®,12%,*Ys,12X,el9)

IF (,NBT.GYRBS) GB T® 1085
READ (NN,40) TGX,TGY,TGZ,SGX,56Y,5GZ,QWGX,0WEY,QWGZ

40 FORMAT (BE10.2) i
WRITE (MM,1080)TGX,TGY.TGZ,SGX,5GY,S5GZ,QWGX,OWGY,AWGZ

s (ARC-MIN)®//51%X,uPOSITION ERRQRSe,30X,*LATITUDE =v,2X,

/
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F7,2,% (ARC-MIN/MIN)®#/98X,*ALTITUDE =~ »,F7,2,% {(FEEY/M[N)e//INAT

NAT
NAT
NAT
NAY
NAF
NAT
NAT
NAT

1060 FORMAT (L1MO0,3X,eGYRE DRIFT UNCERTAINTIESs,11X,CORRELATION TIMESs,NAT

4 » OF CORRELATED NBISE (MIN)%,8X,3F13,2/39Y%,
2 »S,D, OF CORRELATED NGISE (ARC-MIN)s,15%,3F13,3/39X,
3  oSTRENGTH BF RANDOM NBISES (ARC=MIN2/HR)®»,14X,3E13,4)
10868 IF (,NOT.ACCEL) GB8 T8 1975
45. FORMAT (8E10.2)
READ (NN,45) TAX,TAY,TAZ,SAX,SAY,SAZ,QWAX QWAY,QWAZ

WRITE (MMy1070)TAX,TAY,TAZ,SAX)SAY,SAZ,QWAX,QWAY,QWAZ
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1070 FCAvsT (1m0,3X,eACCELEROVETER MEASUREMENT#, 1NY,«73RRELAT]IG s,

1 * TIMES OF CORRELATED NOISE (MIN)®,q12X%,2(57,2,4Xy,F7,2/ 9X,
A *UNCEITAINTIES®, 47X, #5,D, OF CCARELATFL NPISE (&)w,25Y%,

3 JE13.4 /7 39X,#STRENGTH OF RANCAM MAISE (FT2/€EC3)e,
4 18%,3E13, 4

L0725 1P (UN3T,TEGRQ: G€ T§ L1665

READ (NN,50) TAUX,TAUY,TAU2Z

£0 FERMAT (3E1p0.4)
WRITE (MM,1080)TAUY,TAUY,TaUZ

1080 FERMAT (1M0,3X,*GYRA TORIVER SCALE»,17%,»STANDARD PEVIATION (PERs,
1 SCENT )9, 27X,2(F7,4,6X),F7,4/9X,eFACTAY ERRARSs)

1085 I+ (.NAT,GRAVD) G3 TP 1100

READ (NN,55) SVX,SVY,SVZ,DX,DY,DZ

£5 FEAMAT (6E10.2)
WRITE (MM 1090)SVX,SVY,SvZ,DX,0Y,D2

1c&n FERMAT (1MO,3X,#GEADETIC UNCERTAINTIESs, 13X,
1 #STANDARD DEVIATION (G)e,3¢X,3E13,4/39y,
¢ «CORRELATION DISTANCES (NM)e, 28X,
4 2(FB8,2,5X),F8,2)

1100 IF (DTA.EGC,0.0,8R,DREKAN) GO YO 1200

READ (NN,85) SALINL,SALIN2

¢5 FGRMAT (2E1¢.2)
WRITE (MM,1217)SALINL,SALINZ

1217 FGRMAT(4HD,IX,#AL]GNMENT RANDOM ERRGRSw, 12%,sSTANDARD s,
1 *DEVIATION (KNBTS)e,23X,2F13,4)

1Z00 IF (,NBT,ALYSF) G® T® 1210

READ (NN, 60) TAUM,SALT,TAUHD,SALTD
€0 FERMAT (4E10,2)
WRITE (MM, 1205)TAUH,SALT,TAUND,SALTYD
1205 FORMAY (1M0,3X,aALT{METER SCALE FACTOR ERRARe,7X,sSTANDARD s,
1 sDEVIATION «%,F7,3,¢ PERCENTe/ 4X,aALTIMETER RANDOM ERRORs,
2 13%,«STANDARD DEVIATION «~e,F7,3,» FTs/y
3 4Xy9V,S,1, SCALE FACTOR ERRORe, 10X, aSTANDARD =,
4 ®DEVIAYION =#,F7 ,3,» PERCENTe/4%,eV,S.], RANDOM ERRORa,
5 16X, sSTANDARD DEVIATIBN =8,F7,3,¢ FY/MIN®)

1210 IF (INS9) WRITE (MM,1215) AKAP )
1215 FERMAT (1MO,3X,eINERTIAL ALTITUDE WEIGHTING FACTAR ~o,F8,3)

If (DQPLER,OA,OMEGA,DR;SATANG) 1218,1240
1218 CALL SUBOUT(-2)
IF (,NBT,DBPLER) GO T8 1230
WRITE (MM,1220)
1220 FERMAT (1mM0:55X,sDOPPLER MEASUREMENT DATA®/S5X,14(2Ha )//72X,
1 *FORWAADS, 18X, #SIDEWISEe)

READ (NN,70) TDF,TDS,SNDF,SNDS,SRDF,SBNS,SADF,SRDS,DTDOP
70 FORMAT (8E10.3)
WRITE (MM,1225) TCF,TDS,SNDF,SNDS,SBDF,SBDS,SRDF,SADS,DTNER
1225 FORMAT (1H0,3X,sCORRELATIBN TIMES OF CORRELATED NOISE (MIN)e,24X,
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4473
4487
4190
4200
4210
4220
4230
4749
4289
4240
4270
458Q
4200
4300
4310
4320
43390
4340
4350
4349
4370
43890
439
4400
4410
4420
4430
4440
44390



123n

1248

5

124

1245

12519

@]

€0

1253

1240
85

9n

12414

1264
1265

F7.3.19X,F7.3//74%,%5.D, OF CARRELATED NQISF (KYS)=,37X,F7.3,
19X,F7,.3//74X,»5,D, OF SCALE FACTGAR ERRARS (()=,J4X,F7,%,
19X F7,3,4//74%,8S,0, OF MEASUREMENT ERRGRS (KTS5)e,35%,F7,3,
19X,F7,3//74X, oINTERVAL BETWEEN MEASUREMENTS e« ,FA,3,
« MINUTESs)

TEo(,HaT, @M2G4) GG TO 1243

WRITE (MM,1235)

FORMAT (1HD 56X, sGMEGA MEASUREMENT DATA®/56X,13(2H~ )//70X,

1 *FIRST L,8.P.#,12X,*SECOND L,0,P,»)

U &N

READ (NN, 75) 19M1,10M2, IOHI, 10Mq,TOMY, TEJME'. SN@M1,SNOMZ2,SBOMY,
Z SBOM2,5ROM1,SAGM2,DTOM
FERMAT (4(13,4%),6F10,.3/8E10,3) A
WRITE (MM,1240) (STAT(T,1@M1),131+2),(S5TAT(L,10M3),1a1,2),
1 (STAT(!'IG”2)0131p2)!(STAT(I'[ﬂH4’aI'1;2):T@M1‘
z TOQM2,5NBM1, SNEM2,SROML,SBOM2,SROMY, SREM2,DTOM
FERMAT (1H0,3X,«0MEGA STATIONS®,54X,A8,A2,14X%,48,A2/ 72X,AR,4A2,
14X, A8, A7/
4XI‘CGRRELATI@N TMES (MIN"145X'F7.3|17X:F7.3//4x.'5.n- QF »,
» CORRELATED NOISE (MICRO~-SEC)®,32y,F7,3,17yxsF7,3//74y,85,D,%,
« OF BIAS ERR@RS (MICRO=SEC)e, 37X, F7.3,17X,F7,3//4%,5,D,,
» OF RANDQOM ERR@RS (MICRO=SEC)s,35%,F7,3,17X,F7,3//4%,
«NTERVAL BETWEEN MEASUREMENTS -~o,F8,3,8 MINUTES®)
IF (.NOT. SAYRNG) GO TP 12689 .
WRITE (MM,1250) _
FORMAT (1H0D,56X,eSATELLITE RANGING DATAw/56X,13(2H~ Y//72X,
1 »SATELLITE 49,14X,«SATELLITE 2)

WP B Gd N - =

READ (NN,80)SATLON,TSATL1,TSAT2,5NSATL,SNSAT2,SRSATL,SB5AT2,

1 SRSAT1,SRSAT2,DTSAT

FGRMAT (8E10.2)

WRITE (MM,1255)SATLEN,SNSATL,SNSAT2,TSAT1,TSAT2,SBSAYL,

1 SBSATZ,SRSATY,SRSAT2,DT5AT

FERMAT (1M0,3X,«_LBNGITUDE (DEG31.54X.F7.2.;8X.F7.2//4x,

«CORRELATIGEN TIMES (MIN)e,48%,F7,2,18X,F7.2,

//4%X,5,D, OF CORRELATED NOJSE (MICRO-SEC)s,33X,F7,2,18¥,
F7,2//4%,85,D, @F B1AS ERRORS (MICRA~SEC)e,38X%,F7,2,18X,F7,2/
/4%X:%S,D, BF RANDPM ERRARS (MICREG=SEC)s,36X,F7,2,18%,F7,2/74¥%,
sINTERVAL BETWEEN MEASUREMENTS es,F8.3,« MINUTESS)

o WGl Ry

1 (.NGT,SUBGPT) GO TO 1400

READ (NN,8%) NK,TBLUND

FORMAT (12.8%,E10,2)

READ (NN,90) (TSUBK(1),131,NK)

FGRMAY (8E10.2)

CALL SUBOUT(-2)

IF (TBLUND.LE.O0,0) GO YO 1264

WRITE (MM,1261)TBLUND

FORMAT (1HWD,B30X, «BLUNDER/MALFUNCTION AT T n ,F7,2)
SU9OPTx ,FALSE,

WRITE (MM,12685)

FORMAT (1K0,56X, aSUBBPTIMUM GAINS USEDe/B56X,13(2He )//)
LINE=4 .

IF (.N®T.DBPLER) GO T@ 1310

DO 1268 I=i,NK

READ (NN,90) (KSUBDF(I,J),J51,34)
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Na¥
NAT
NAT
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NAT
NAT
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NAY
NAT
NAT
NAT
NAT
NAT
NAY
NAT
NAT
NAT
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NAT
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NAT
NAY
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAYT
NAT
NAT

NAY

NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NA®
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4460
447¢
448
44dq
25040
4313
4520
4530
A5dQ
455¢
4560
4579
458
459
4600
4h10
4420
4530
4440
4490
45580
4670
4430
48990
4700
4710
4720
4730
4740
4780
4760
4770
4789
47990
4800
4310
4320
433
4840
4880
4p60
4870
480
4399
4900
4910
4920
4930
4949
4950
4940
4979
4989
4990
5000
5010
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mm

[IPEPEN

QEAL (NN,SO0)  (KSLBDS(1,J)sd=1,34)
wWRITE(M™,1270)

FERMATLLHE 5%, »FGRWARD DAPPLER MEASUREMENT GAINS «e)

L1\|E21_1h1F¢2

Lo 1240 1z21,8X

1F (LINE.GE,54) CALL SuBauT(=2)

WRITE (MM,;4285) TSUBK(1),(XSUBDF(I.J),J=1,34)
LINE=LINE®4

FEAMAT(9HOs®s T = ,F5,1,8H MIN «=»,1X,40E14,3/t1X,12F11,4))

WRITE (MM;129¢)

» FERMAT (1HN,9X,*SINEWISE DAPPLER MEASUREMENT GAINS (e}

LINE=LINEep

TG 1200 Imi NK

1F (LINE.GE,54) CALL SVUBOUT(=-2)

WFITE (MM, 1285) TSUBK(I1),(KSUBDS(],J),J=1,34)
LINE=_INFe4d

IF (,NBT.EMEGA) GE TO 13%0

DO 1315 lai,NK

READ (NN.9M) (KSLBQO1(1,J) umi,34)

READ (NN,9D) (KSUEQ?(!:J)|J=1|3‘)

WRITE (MM,1320)

» FORMAT (1KN,5X,aF]RSY AMEGA L,0®,P, GAINS 1)

LINE=LINE*2

D@ 1330 Isi,NK

IF (LINE.GE,B34) CALL SUBOUT(<2)

WRITE (MM,1285) TSUBK(1),(KSUBE1(1,J),d=1,34)
LINE=sLINEe4

WRITE (MM,1335)

FGRMAT (1M0,5X,eSECOND OMEGA L,0,P, GAINS 1»)
LINE=L INEs?2

D8 1340 si, NK

1F (LINE.GE,B54) CALL SUBBUY(-2)

WRITE (MM,;1285) TSUBK(1),(KSUBO2(T,J),J=1,34)
LINE=LINE#4

1F (,NAT,SATRNG) GO T@ 14C0

DE 1355 [al NK

READ (NN,90) (KSUBS1(1,J),Ju1,34)

READ (NN,90) (KSUBS2(1,J),Jm1,34)

WRITE (MM,1360)

FORMAT (1MQ¢5X»*FIRST SATELLITE RANGING GAINS 1)
LINE=|INEsp

DO 1370 pmi,NK

IF (L]NE.GE,%4) CALL SUBBUT{-2)

WRITE (MM, 1285) TSUBK(1),(KSUBSL1(!,J),J=1,34)
LINE=LINE«+4

WRITE (MM,41380)

FORMAT (1M0,5X,eSECGND SATELLITE RANGING GAINS te)
LINE=LINEe®?2

DO 1390 lal,NK

1F (LINE.GE,54) CALL SUBOUT(=2)

WRITE (MM,1285) TSUBK(1),(KSUBS2(1.,J),J=1,34)
LINE=LINEe4d

CONTINUE

RETURN
END
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NAT
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SURARAYTINE SUBQOUT(MEAS)

THIS SUBROUTINE PRINTS THE STD,DEV, AF THE ERRORS

NAT
NAT
NAT
NAY

[N A TRACK~ZASED CAYRDINATE RYSTEM, ANN §E7S THE PLENAT

DATA [F REQUIRED,

CONMON/BALY/TAUH,SALT, TAUHD,SALTD

COMMAN /BCBNST/RADPDG,DEGPRD,FTPNM, NHPFT, MINPRD, MMIE

CCMMAN /BCOVAR/ P({34,34) )

COMMAON s BINS1/1SYS,EEn, ENOsEDU.DLAOaDLGO.RDLAU.RDLEO-DHO.
RDHQ,»AKAP, PWIDOT?, BM52,FN,FE, FD

COMMON /BINSZ/TGX;TGYpTGZuGNG!:QNGY.ONGZ:SRK.SGY:SGZ;
OVGX.QVGY,OVBZ, TAX, TAY, TAZ,GWAX, QWAY,QWAZ,
SAX.SAY.SAZ.QVAX.QVAY.OVAZ-TAU!,TAUY,TAUZ,
DX,DY,DZ,SYX,SVY,SVZ,QVX,QVY,0VZ,QWH

CEMMAN /BLOGIC/ GYR@S,ACCEL, TORQ,ALTSF,GRAVD, INS9,TWOACC,
DGPLER:QMEGA.SATRNG;SUB@FT.DREKON

COMMBN /BLU/NN,MM

COMMAN /BNBM/ NPHASE,H,HDOT,ALATR,ALAT,ALON, ALONR, ALB,

ALBD®Y, VG, VA, VELN, VELE., VELW, TR, HDG, CR8,

THW, R, R1, RI2, G: SL, CL. TL, SL2, CL2, CLY,
RICLI, CTRK,STRK, ALAT2; CWDG, SHDG,RCL
CAMMON /BPLOT/ DYPLET,NPLET,NTAPE
COMMGON /BTIME/ TIME

CeMMBN /BYITLE/ YITLE(10), NRUN,NPAGE,DTOUT,LINE,M8,1DAY, IYEAR

DIMENSIGN TYPE(3I)
REAL NMPFT,MINPRD
INTEGER TIMEW,TIMEM

LOGICAL GYRG®S,ACCEL,TORQ,ALTSF,GRAVD, INS9, TWEACC, DOPLER, OMEGA,

SATRNG,SUBOPT,DREKEN
DATA (TYPE=2BW DOPLER,AH OMEGA.SHSAT.RNG,)
DATA (NBRTHE2H N), (SOUTH=2H 8), (BASTE2H E), (WESTE2H W)

IF (MEAS.EQ,-2) G§ TO 110
IF (LINE.LT,50) G& T& 140
OUYPUT HEADING
LINE=Q
WRITE(MM,1011) TITLE,MO,IDAY,IYEAR,NRUN,NPAGE

1¢14 FORMAT («y{PROGRAM NATNAV?I w,10A8,2X,12,e/9,12,0/9,12,3¥,

139

140

W&l

sRUN Nﬂl‘ll‘lSXl‘FAGE‘lt"

NPAGEaNPAGEe1

IF (MEAS,EQ,-2) RETURN

WRITE (MM,130) _

FORMAT (1H0.1X:.TIHEI,5X,'LAT‘06X1‘L@Nt.SX.*TRK-p6X,tEPSN*-
5Xy¢EPSEw,5X, «EPSD*, 7X,8DX%,7%,9DYs,7X, uDHs,
6X,'DXDGTO;4X;tUYDGT‘;SX,tDHDOT'/ZX.'(HR)O.
4XJ‘(DEG"t‘Xu'(DEG")S!I"DEG)‘I!X;‘(H!N"v‘x"(NIN"I
4X o (MIN)Y &, 5%, 0(NM)®,BX, 8 (NM)®,BX,8({FT)e,

IX 9 (KTS)s , 4X, 8 (KTS) o, 3X 0 (FT/MINY8/)

CONVERY UNITS FOR PRINTOUT
TIMEHRINT({TIME/59,9999)
TIMEMaTIME=YIMEHw60
RNMzReNMPFT
ALATD9ABS{ALAT)SDEGPRD
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5580
5590
5400
5610
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5660
5470
5680
5490
5700
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5770
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5980
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6n80
6060
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6090
6100
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6420
6130
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1

1

ACINL=AEZS(ALEN)aNEGPRD

NERZENTRTH

H{d (ALAT.LT,0.0, NTR&E=SAUTH

ESCuWswEST

TF (ALBN.GT,0.0) EFQW=FASTY

fe<D=TeKeTEGARN

EA=SORT(ABS(P(L1,1)))«MINPRD

Er=SnRT(ABS(P(2,2)))eMINPRN

EUsSIRY(ABS(P(3,3)))sMINPRD

CH2=CTRK»CTRK

SH225TAK®STRK

CLL=CLe=CL

CLAR=ARS(P(4,4))

DU12=ARS(P(5,5))

TEuPz2,0%P(4,5)eSTRKeCTRK#CL

XX=RNM@#SORT(ABS(DLA2eCH2+DL029SH22CLL+TEMP))

VY=RNMaSART (ABS(TLA2eSH2+DL 029 CH2#CLL-TYEMPY)

DVNZ2=ABRS(P(6,6))

DyE2=ARS(P(7,7))

TEMP=2,0*P({6,7)+STRKeC RK»CL

DXNOT=RNMa6(, +SCAT(ABS(DVN2OCH2+DVE2eSH2«CLL-TENP))

DYNOT=RNMud0, sSQRT(ABRS(DYN28SH2+DVE2sCH2+CLLaTFMP )
VERTICAL ESTIMATES

1F (NPHASEusTni) Gfﬂ Ta 220

CVDzRDHQ

DALT=DHO

G TH 220

DYD=2SQRT((HDATHTAUHD®0.01)ws2+SALTDsSALTD)

CALT=SQRT(HsHsABS(P(22,22))+QWH)

I (INS9) DVD=SQRT(ABS( P(9,9)))/60,0

IF (MEAS,GT,0) GO T@ 300

WRITE (MM,150) TIMEH,TIMEM,ALATD,NORS,ALONT,EQRW, TRKD,

EN,EE,EDsXX,YY,DALT,DXDOY,0YDEY,DVD

FGRMAT (1M ,12,1HE,12,1%,2(F7,2,42),F7,2,1%,3F9,4,1X,2F9,3.,F9,1,

1Xp2F°|3vF9.1)
GO 16 500
LINE=LINEsl
GO T6 %00

WRITE (MM,;350) TYPE{MEAS),EN,EE,ED,%X,YY,DALY,NXD@T,BYNET,NVD
FORMAT(17X,A8,7H MEAS,=,1%X,379,4,1%,2F9,3,F9,1,1%,2F%,3,F9.1/)

LINE=LINEe2

SET PLOY QUTPUT
IF (NPLGT,EQ.0) RETURN
TEMP=TIME/60,

WRITE (NTAPE) TEMP,EN,EE,ED,DALT.XX,YY,DVD,DXDAT,DYDRY

NPLBT2NPLOT+1
RETURN
END
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VAT

MAT

MAY
.3

a O
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MAT &

NAT
NAT

MAT £

NAT
NAT
NAT
NAT
NAY
NAT
VAT

NAT !

MAT
NAY
AT
NAT
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NAT
NAT
NAT
NAY
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NAY
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NAY
NATY
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NAT
NAT
NAT
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NAT
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SUSROUTINE CONFIG

THIS suBReuU
DIFFERENTIA
CF THE SPEC
THE CARAESPEANDEN
COVARIANCE MATRI

s

THE ELEMENTS oFf
DESIRED MODEL BY

NAT
NAT
VINE SETS THE INDICES KK MF THE NEQ NAT
L EQUATIONS FAR THE CBVARJANCE MATRIY NAY
IFIED AIDEC T,N.S, CBNFIQURATION, MAT
CE BETWEEN THE STATE VECTRR § AND THE NAT
X P IS NAT
NA®
(K) = Pt1.yJ) VAT
NAT

THE 1,N.S, STATE ARE SELECTED FAR THE NAT
MEANS NOF THE LOGICAL PARAMFTERS GYR®S, NAT

ACCEL, T@RQ, ALTSF, GRAVD, INS9, DOPLER,OMEGA,SATRNG, NAT

NAT

THE 28 EQNS @F A 7-STATE !,N,S. ARE ALWAYS IMCLUDED IN SNAT

NAY

CCMMON /BINDEX/ 11(585), JJ{585), KK(585) NAT
COMMAN /BINTEG/ S(585),SD(58%), DT,DTQ%,NEQ _ NAT
COMMON /BLOGIC/ GYRGS,ACCEL, TORQ,ALTSF,GRAVD, INS9, TWOACC, NAY
1 LOPLER,@MEGA,SATRANG,SUBGPT, DREKBN NAT
LOGICAL GYRGS.ACCEL.TGRQ.ALYSF.GRAVD.INS9,THOACC.DmPLER.OHEGA. NAT
1 SUBGPT,SATRNG,DREKBN NAT
NAT

7"STATE IoNnSo NAT

NEQaQ NAY
CALL EQNS(1,28) NAT
THREE GYRO DRIFT STYATES NAT

IF (GYROGS) CALL EGNS (29,5%) NAT
TW® ACCELERGMETER UNCERTAINTIES _ NAT
IF¢,NBT,ACCEL) G® YO 130 NAT
L2=72 NAT
IF (GYROS) L2=78 NAT
CALL EONS (56,L2) NAT
THREE G6YR® TBRQUER ERRGRS NAT

L2=102 NAT
IF (,NOT.YORO) GO T@ 140 NAT
IF" (GYR@S) L2=111 NAT
CALL EONS (79,L2) NAT
IF (ACCEL) CALL EGNS (112,117) NAT
ALTIMETER SCALE FACTGR ERROR NAT

IF (NOT,ALTSF) 68 TO 150 NAY
L2=124 NAT
If (GYROS) L2=127 NAT
CALL EONS (118,L2) NAT
IF (ACCEL) CALL EQNS (128,129) NAT
IF (TORG) CALL EONS (130,132) NAY
TW8 GRAVITATIONAL DEFLECTIONS NAT

IF ¢ NOT.GRAVD) G@ TO 160 NAT
L2149 NAT
IF (GYROS) L2:z15% NAT
CALL EONS (133,12} NAT
IF (ACCEL) CALL EQNS (156,159) NAT
IF (TORQ) CALL EONS (160,185) NAY
IF (ALTSF) CALL EGONS (164,167) NAT
DEBPPLER MEASUREMENT ERRQRS NAT

IF (,N8T,DOPLER) G@ T8 170 NAT
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6430
640
8850
66460
5470
6480
6490
6700
6716
6720
6730
6740
6750
67540
6770
6780
67390
LY:T !
8R10
6820
6R30
8AdQ
8A30
8AA0
6R70
6R80
8890
6900
6910
6920
6930
6940
6950
6960
4080

6970

6950
7000
7010
7n20
7030
7040
7080
7060
7070
7080
7890
7100
7110
7420
7430
7149
7450
7460
7170
7189



169

n
¥
(=]

210

L2=234

It (GYR@SY L2=215

CalLlL EINS {148,L2)

i1F (ACHELY CALL EGNS (216.,223)

1F (TSRAY CALL EONS (224,233)

PPOLALTSF) CALL EgNz(236.23M

IF (GRAVD) CALL EGNS (240,247)
PMEGA MEASUREMENY ERRERS

IF ¢(.NOBT,OMEGA) GG TG 180

1.22283

IF (GYROS) L2=295

CALL EONS (248,L2)

1F (ACCEL) CALL EGNS (296,303)

IF (TARG) CALL EONS (3n4,315)

1F [(ALTSF) CtLL EGQGMS (316,319

IF (GRAVD) CALL FGNS (320,327)

F (NOPLFR) CALL EANS 1328&,343)
SATTELITE RANGING ERRQER3

1F (,NGT.SATANG) G® T@ 190

1L2=379

1F (GYRBS) L2394

CALL EQNS (344,L2)

IFf (ACCEL) CALL EGNS (392,399}

IF (TOPQ) CALL EQNS (4nQ,411)

1F (ALTSF) CALL EGNS (412,419)

1f (GRAVD) CALL EGNS (416,423)

1F (DOPLER)Y CALL EGNS (424,439)

IF (OMEGA) CALL ECNS (440,455)
9-STATE 1.N.S,

IF (,NOT,INS9) GO T@ 300

L2=472

IF (GYRBS) L2478

CALL EGNS (456,L2)

1F (,NBT,.ACCEL) GE& TO 200

L2=494

IF (GYROS) L2=497

CALL EQNS (479,L2)

IF (,NBT,T0RQ) GO® T@ 210

L2=503

If (ACCEL) L2=5086

CALL EONS (498,L2)

IF ( NBT,ALTSF) G& T@ 220

L2=508

If (ACCEL) L2=509

CALL EQNS (507,L2)

1IF (,NBT.GRAVD) GE YO 230

L2=525

1F (GYR@S) L2=528

CALL EONS (510,L2)

1F (ACCEL) CALL EQNS (329,533)

IF (TORQ) CALL EONS (534,5368)

IF (ALTSF) CALL EGNS (537,537)

IF (,NOT,DBPLER) GO& TO 24¢

L2=54%

1F (ACCEL) L2s549

CALL EQNS (538,L2)
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NAT
NAT
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N&Y
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SN N
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(S I
SIS B BN
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~N
VIR )
~ ™
[= Nl

72R0
7259
7390
7310
TR2G
7339
734¢C
7382
7340
737G
7371
T8
740N
7413
X Vi
74X
744p
7¢5¢
7460
7478
L
7493
75090
7510
7520
7830
7540
7550
7560
7570
75R)
7890
7400
7410
7620
76430
7449
7459
7640
7670
7479
7899
7760
7710
7729
7730
7740
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Ir (GRAVD) CALL EQNS (550,553)
IF (,NOT,EMEGA) GG TO 25¢
L2=561

IF (&CCEL) L2=569

CALL EQNS (554,L2)

[r [GRAVD) CALL EGNS{366,569)
1¥ (.NOT,SATRNG) GE@ TO 300
L2s;?7

IF (ACCEL) L2=581

CALL EQGNS (570,L2)

IF (GRAVD) CALL EGNS (B82.588%)

CONTINUE
RETURN
END
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SURRAYUTINE EQNS (L1,L2)

THIS SUBROUTINE SETS THE [NDICES FOR THOSE EAQNS T@
BE INTEGRATED IN TME ARRAY KK, NEQ IS5 TWE TRTAL
NG, &F EANS 70 BE INTESRATED, [T 4LSG INITIALIZFS
THE ARRAY TO BE [NTEGRATED, S(L).

COMMEN /BCAYAR/ P(34,34)
COMMON /RINDEX/ 11(585), JJ(583), KK(585)
COMMAN /RINTEG/ S5({585),SD(58%), DT.DY(5,NEQ

INDICES FOR COVARJANCE MATRIX

DATA {((I1(1),]=e1,347) =
701),6(2),5(3),404),3(5),2(8),7,3¢(1),3(2),3(3),3(4),3¢5),3(4),
3¢7),3010),2¢11),12,201),2(2),2(3),2¢4),2(5),2(6),2(7),2(13),
14,2010002011)92¢12),301),302),3¢3),304),3¢(5),3¢6),3(7),2(14),
1703010093041 ,3¢42),3(43),3(14),1.2,3,4,5,6,7,10,11,12,13,44,
16,17,18,2(4),2¢23,2(3),2(43,2(5),2t6),2(7),2019),2n,2(10),
20(11),2(12),2{13),2(14),2(16),2(171.,2(18),19.,20,4(1), ’
4(2),4(3),4(4),8(5),4(6),4(7),3(23),3(24),25,26,4110),4(11),
4012),4(13),4(18),4016),4(17),4(18),4(22),4(19),4(20),4(1),
4€2),4(3),4(4),4(5),4(8),4(7),3(27),3(28),29:30,4(10),401¢),
4(12),4(13),4(14),4(16),4(17),4(18),4(22),4(19),4120),4(23),
4(24),4(25),4(26),4(1))

DATA ((I11¢1y,13348,585) =
4( ).453;.4(4).4(51.4(6).4(7).3<31).3(32).33.34,4(10)}4:11).
4(312),4013),4014),4(16),4117),4(18),4(22),4(19),412n),4(23),
4024),4(029),4126),4127),4(2R),4(29),4(30),201),2(2),2(3Y,2(4),
2(5),216),2(7)42(8),9,3(8),3(9):1:,2,3,4,5,6,7,3(8),3(9),3(1%),
B8/91154142:3,4,5,6,7,3(8),3(9)/919,20,21:10+21.:12,13,14,3(45),
16:17,18,21,4(8),48(9),4(45),4(21),418),4(9),4(15),4(21),4(8),
4(9),4(15),4(21))

DATA (JJ=4,2,304,5,6,742,3+4,5,6,7,3,4,5,6,7,4,5,86,7,%,6,7.:6,7.7,
8(10,11,12),11,2(12),8(13,14),14,3(13,14),7(18,17,18)),
17|2(1s)05(16017|18)115‘22,08'19120,12008!19'20,12(22’5
70(23,24,29,26),2(24,25,26),2(26),11(23,24,25,24),
7¢27,28,29,30),2(28,29,30),2(30),1%(27,28,29,30),
7(31,32,33,34),2(¢32,33,34),2(34), 19(31,32,33,34))
B(8,9),:9,2¢10,11,12),7(151,2(13,14,15),48(45),3(16,17,18),
3(22).7(21).2‘19,20.21“6(21 ,19,20,4(21),22,4‘23'.2‘,25‘26),
4(27,28,29,30),4(31,32,33,34})

DO AT AW - DO NV AN D

o ~NOON L LN

D6 100 L=L1,L2
Iallcl)
JEIULL)
NEQ=NEQes1
KK(NEG)=L
S{NEQ)=P(],J)

RETURN
END
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NAT
NAT
NAT
NAT
NAT
NAY
NAT
NAT
MNAT
NAT
MAT
NAT
NAT
NaT
NAT
NAT
NAT
NAT
NAT
NAY
NAT
NAT
NAs
NAT
NATY
NAT
Nat
NAT
NAT
NA‘[
NAT
NAY
NAT
NAT
NAT
NAT

NATY
NAT

NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT

~
Lol
(S ]
(]

8090
Rq4np
8110
8420
813C
By40
8150
A180
Re470
84Ap
84990
82np
8210
8220
8230
8240
8250
8760
8270
82R0
8290
8300
8310
8320
8330
8340
4330
83480
8370
83490
8390
8400
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SUBRRBUTINE FLTPLN(T)

THIS SUBRQUTINE CALCULATES THE NOMINAL PBSISIGN,
VELECITY, ETC, BF THE AIRCRAFT AS FUCTIONS OF

NAY
NAY
NAY
NAY

TIME, A NE# WAYPOINT 1S DEFINED AT THF BEAINNING OFNAT

THE PHASES GF TYHE FLIGHT ARE

NPHASE = 0 TNS ALIGNMENT
NPHASE = 1 TAX1

NPHASE = 2 CLIMBOUT
NPHASE = 3 CRUISE

NPHASE = 4 END GF FLIGHT

CEMMBON /BCONST/RADPDG,NDEGPRD,FTYPNM,NMPFTY, MINPRD. meE
ceMMaN s BFLTPN/ DTA,DTT, Mg, VCL,RC,MCR.HCR,NWPTS, LAY(20),

LON{20), THETAW(20), VW(20), TCR, TM(20), YN(20),

VE(20)
CAMMON /BIN]IT/ INIT
COMMAN /RNOM/ NPHASE,H,HDBT ALATR,ALAT,ALON, ALONR, ALB,
ALBDOT, VG, VA, VELN, VELE, VELW, TRX, HDG, CRS,
THW, R, A1, R12, G, SL, €L, YL, SL2, cL2, cL!,
RICLI, CTRK,STRK, ALAT2, CHDG, SWDG,aCL

REAL MCR,LAY,LON,NMPFT,MINPRD

LOGICAL INIT

DATA {OMIE=4,37527Ex3)
RADIUS(X)=20925732,270173,394¢8IN(X)en2

ALNF(X1,X2)®ALBG(COS(X1)o(1,¢5INIX2))/(COS(X2)e(L,sSINCXL))))
IF (. NOT,INIT) GO T@ 120

INITIALIZAT]ON
NPHASE=20
CONV=FTPNM/60,

DO 15 I=x1,NWPTS
LAT(I)=LAT(])sRADPDG
LEN(I)sLON(])*RADPDG
VW(1)SVW(])eCBNY ]
THETAW(I)SYHETAW(] )eRADPDG
VCRsMCReA(HCR)OCONY
VCLaVCL=CaNY
TM(1)3DTAeDTY
TCRe({HCR=HK0)/RCeTM (1)

CALCULATE TIMES AT WAYPGINTS
122

AVERAGE WIND

JElw1
THETAWCJ)I® S0 (THETAR(J)+THETAN(]))
VH(J)®, 50 (VH(JYeVN(]))

IF (TM¢J),QE.TCR) 30,20

CLIMB PHASE

VA=yC|

HaHQ+RCe (TM(J)=TM(1))
MU=%
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NAY
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAY
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAY
NAF

8410
B42)
8430
8449
A450
1440
R470
R4a8Y
A490
8500
8510
8520
8530
8549
85590
GL LY
As70
ABAQD
8590
8800
RA10
8820
8430
Agdq
8s%0
BaAO
8470
Asa0
8s90
8700
8710
8720
8730
8740
8750
8760
8770
8780
A700
8300
8a1p0
8a20
8a30
8aap
Basn
8R40
84870
8880
8890
8900
8910
89290
8030
89490
8030
8960



]

40

70

eo

$Q

100
110
115

120

122

GE YO 4p

CRUISE PHASE
VA=VGR

H=HCR

MUz(

CLON={ON(])~LON(J)

DLAT=LAT(IY=LAT(J)

R= RADIUS(.Ow (LAT(1)eLAT(J)))*H

IF (DLAT.EQ,Nn.} TRK = SIGN(1,570796&,DLON)

IF (DLAT.NE,n.) TRX IATANZ2( DLAN,ALNF(LATCU)Y LATLIN))Y
ALPHASTHEYAW(J)=TRK

CRR S+ASINIVW(J)sSINCALPHAY/VA)

HDG =TRK +CRB _

VG=VAsCOS{CRB YoVW(J)YSCOS(ALPHA)

VN(J)aVG+COS{ TRK )

VE({J)=VGeSIN(TRK )

IF (NLAT.EQ,0,) TM(])esTM(J) +DLONeRe«COSILATCINI/ZVE(D)
IF (DLAY,NE,0,) TM(])aTM(J) sReDLAT/YN(Y)

IF (MU.,EQ,0) GO& T© 115

1F (TM(1)«TCR) 110,140,890

NEW WAYPOINTS AT END OF CLIMB
DG 90 JJUs],NWPTS
KENWPTS+leJJ
KKaKeld
LAY(KK)=LAT(K)
LON(KK)=LBN(K)
THETAW(KK)YaTHETAW(K)
VH(KK)IEVH{K)
NWPTSaNWPTSey
LAT(I)SLATCJ)eVN(J)(TCR-TM(J))/R
TM(1)aTCR
THETAW(])R2 ,w THETAW(J)=THETAW(T)
VW(])32,9VW{J)=VW(])
1F (DLAT.EG,0.) G& T® 100
LONCT)=LONCJISIVECJ)ZYNCU) YALNF (LAT(JY LAY (D))
GO TH 110 .
LONCL)SLONCJ)ISVE(J)Z(ROCAS(LAT(I)) IS ITM(L)aTM(J))
MU=0
1IF (1,EQ.NWPTS) 6@ Y6 120
I=1e1
GO 10 L0
CHECK END 0F FLIGH?
IF (T,LT.TM(NWPTS8)) BB TO 122
TsTM(NWPTS)
NPHASE®4
1aNWPTS
GO TO 180

IF {T,GE.TM{1)) G8 TO 140
NPHASE®D

IF (T,GE,DTA) NPWASEm=]

IF (,NAT,INIT) GO TO 130
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MAT
nNeT
NA®
NAY
Nat
NAT
NAY
NAY
NAT
NAT
NAY
NAT
ANA™
NAT
\lAf
“A-
NAT
NAT
NAT
NAY
NAT
NAT
NAT
NAY
NA®
NAT
NAY
NAT
NAT
NAT
NAT
NAY
NAT
NAT
NAT
NAT
NAT
NAY
NAT
NAT
NAY
NAT
NAT
NAYT
NAY
NAY
NAT
NAY
NAT
NAT
NAT
NAT
NAY
NAY
NAT
NAT

Rgen
KRl e
5317
gn2C
enxC
9nad
9650
90f0

Q-0
G470
]
9141
9i5C
G160
9473
Q4R7
49
¢34 C
G718
9029
Q236
G240
9259
9267
9270
9280
9290
9300
9310
9320
9330
9340
9350
9340
9370
93A0
9390
9400
9410
9420
9430
9440
9450
9460
24710
9480
9490
9500
951¢
9820



140
170

180

Rk=KHQ

ALAT=LAT(Y)
ALAN=LBN(])
ALATRa0.0
ALANR=0, 0
HDAT=20,0
ALBDOT=BM]E
VELW=VW(1)
THWETHETAW(L)
VA=0.,0

HDG=0,0

YRK=D0,0

CRBa0,0

VELN=0,0

VELE=0,0

ALA=L ON(1)+OMIEsT
GO TO 190

IF (T,LT.TCR) GG TO® 50

CRUISE MODE
NPHASE=J
HDGT'O!
H=HCR

M=MCR
VA=zVCR

GO TO 160

CLIMBOUT M@DE
NPHASE=?

HD@T=RC
DTeT-TM(1)
HEHO+NDETDT
M=VCL ,(A(NY4CBNY)
VAayC

1=2

IF (T,LT.TM(I)) 68 TO 180
I=]s1

GO 78 170

J3lel

DTaT-TM(J)}

VELN=VN(J)

VELE=YE(J)

VGxSQRT(VELNee24VELEw?2)

IF (VELN.EG,0.) TRK "SIGN(1,970796,VELE)
IF (VELN.NE,0.) TRK IATANZ(VELE,VELN)
THWRTHETANW(J)

VELWEYW(J)
CRBsASIN(VELWeSIN(THN=TRK)/VA)

HDG sTRK  +CR® ‘

Re RADIUS( ., Beu(LAT(J)SLAT(])))oH
ALATR®VELN/R

ALATSLAT(JYSALATReDY

ALONR®  VELE/(ReCOS(ALAT))
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NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAY
NAT
NATY
NAY
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAY
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NATY
NAT
NAT
NAT
NAT
NAT
NAT
NAT
NAY
NAY

9530
9540
9550
9540
2570
9530
9%990
9400
9410
9420
9430
9440
9680
9840
9470
0420
9490
9700
9710
9720
9730
9740
9750
0740
9770
9730
9790
9800
9810
9820
oa30
oa40
9880
9860
9870
ORAQ
9890
9900
9910
9920
9030
9940
9980
9040
%070
9980
9990

NAYT10000
NAT10010
NAT10n20
NAT10630
NAT40040
NAT1005%0
NATL0080
NAT40a70
NAT100A0 .



150

IF (VELN.EQ,0,) ALGON=LOAN(J)*ALANReDT

1F (VELN.NE|U.)ALGN=LBV(J)*(VELE/VELN)-ALNF(LAT(J).ALKT)

ALODOTWALGNR+OMIE
ALR=ALON+GMIEST

CALL EARTH

RETURN
END

(ALAT, M)
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NATLi0090
MATLCIND
MATL10110
MATAN 2D
NATL0L30
MAT10440
NAT1G950
NATIN1 &0
NAT10170



0

FUNCTIAN A(H)

SPEED OF SOUND FUNCTIBN =

CATA (A1=437847,),(A2=2,00%)
IF (H,LE.380R9,) ASSCRY(A1-A2%H)

1F
END

(H,GT,38089,) Aa573.8

A IN KNBTS
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NAT10180
NAT10190
NAT102R0
NAT10210
MATL16272
NAT10230
NAT10240
NAT10250
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SUBRBUTINE EARTH(LAT,ALT)

THIS ROUTINE CALCULATES THE APPRAXIMATE GERCENTRIC
VEGTOR AND GRAVITATIANAL ACCELERATION AS FUNCTIOMS
CATTITUDE aNn ALTITUDE £AR A RFEFERENCE gLLIPSatD.

LAT = LATTIYUDE (RADIANS)
ALT = ALTITUDE (FEET)
R = RADIUS (FEET)
G = GRAVITY (FEET/MINUTE/MINUTE)

CEMMON /BNBM/ NPHASEvﬂ-HD@T“LATR'lLAT.AL@N:AL@an ALB,

1 ALBDAT, VG, VA, VELN, VELE, VELW, TRKI KNG, CRB,
2 THW, Ry Rlu Rl12, G, SL, CL» T, SLe2, CL2, cLl,

3 RicL!, CTRK,STRK, ALAT2, CMUG, SHDG,RPCL

REAL LAT :

DATA (RE=2°925732|’,(F'0.00335345>a(GEUSZ.SBBi)-

b (C=0.00%29)

SLT2=SINC(LAT) e w2
RsREe(Ll,0eFeSLT2)eALY

Ga3800,0GEe(1,0¢Ce5LT2)u (1,0 1,Ev72ALT)

RETURN
END
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HATLC260
NATLN2TS
ANATLRPAG
BNATLMZIG
LATANADG
NATL15310
NATLIO322
NAT10330
NATLOX4(0
NATL0350
NATLN3AC
NAT10370
MAT103RQ
NAT10390
NATip4ND
NATL0A10
NAT1n42C
NAT10430
NATin4dD
NAT10 430
NATL0440
NATLN4T7C
NATL04RQ
NATL10490
NATL08NQ
NAT10510
NATLNS20



AT Y

)

SUBROUTINE INS

THIS SUBRBUTINE INITIALIZES THE 1,N,S, VARIARLES,
CALCULATES TME SYSYEM MAYRIX ELEMENTS FOR TPHE

T.N(S,, AND SETS THE PROPER TRANSFORAAT]AN
MATRIX AND NAISE VALUES;

COMMON/BALT/TAUN,SALT, TAUHD,SALTD

CemMMAN /BCANST/RADPDG,NEGPRD,FTPNM,NMPFT, MINPRD, PMIE
CBMMAN /BCOVAR/ P(34,34)

COMMON /BDRUN/SVWN,SVHE,DVWN,DVHE

CBMMAN /RINIT/ INITY

COMMON / BINS1/1SYS,EE", ENO,EDO,DLAD,PLPO,RNLAQ,RPLA0,DHO,

1 RDHO,AKAP, PHIDOY, OM52,FN,FE, FD

COMMBN /3INS2/TGX, GY,TGZ,WGX,QWGY,0N5Z,S0X,SGY,S62Z,
ﬂVG‘X.GVGV.OVGZ.TAX.YAY.TAZ.GHAX.nHAY,OHAL
SAX,SAY,SAZ,QVAX,QVAY,OVAZ, TAUX, TAUY, TAU7,
DX,DY,DZ,SVX,SVY,S5VZ,QVX,QVY,QVZ,0WH

COMMON /BJNS3/ c11.€12,€13,021,C22,023,€31,C32,C33,

Ca Y o

Lol N =

FOA4,F96,F97 ,FO9B,UX,NY,WZ

CEMMON /BLBGIC/ GYRBS,ACCEL,TORQ,ALTSF,GRAVD, INS9,THOACC,

DOPLER,BMEGA, SATRNG,SUROPT, DREKEON
CEMMEN /BNBM/ NPHASE,H,HDOT,ALATR,ALAT,ALBN,ALONR, ALB,

[Z 0 N E o -

RICLI, CTRK,STRK, ALAY2, GHDG, SHDG,RCL
COMMON/BT [ME/TIME
REAL NMPFY,MINPRD

LOGICAL IN!TDGYRGS’ACCELITOROIALTSF'GRAVDJ thngNGACCIDGPLERl

b BMEGA , SATRNG, SUB®PT, DREKAN

SL=SIN(ALAT)
CL=COSCALAT)

TL=SL/CL

ALAT2m2 ,8sALAY
SL2aSIN(ALAT2)
CL2wCOS(ALAT2)
CLi=1,/CL

RCLaReCL

Rl=1.0/R

RI2=R]*R!

RICLIsRIsCL!
CLR=COS(ALB)
SLBaSIN(ALB)
STRK=SIN({TYRK)
CTRK=mCAS(TRK)
SHDBG=SIN(HDG)
CHDG=COS(NDG)
ALL=ALONRe(ALBDETOMIE)
AOMS2aGeR]

IfF ¢ NOT,INIT) GO T§ 100

OMIPNX=(, 0
@MIPNY=0,0
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F12nr13-F17-721p723.F31.F32,F37.F62,F63.F&‘.F&e.
F67,F88,F69,F71,F73,F74,F76,F77,F78,F79,F91,F92,

ALBDAT, VG, VA, VELN, VELE, VELW, YRK, HDG,
THW, R, RI, R]2, G, SL, CL., TL, SL2, CL2, cLl,

NAT10532
NAT1054(Q
NAT10S30
NAT10580
“CAT10570
NAY{n%8p
NATL0590
NATL0400
NAT10£10
NAT10820
NATL0430
NAT10440
NATLNASO
NATLi0460
NAT10670
NATL04RQ
NAT10490
MAYT10700
NAT10710
NATiN720
NATL0730
NATin?dg
NAT10750
NAT1n760
NAT10770
NAT10780
NAT10700
NAT10an0D
NATL0R10
NATL40R20
NAT10A30
NAT10a40
NATL0850
NAT1D840
NATL0R70
NATL10RAD
NAT10ROO0
NAT10900
NAT10910
NAT10020
NAT10030
NAT10040
NAT10090
NAT10960
NAT10970
NATL008D
NAT10990
NAT11000
NAT11810
NAT11020
NAT11030
NAYL1n40
NAT11050
NAYL1p60
NAT11070
NAT11080



2o Ne Ne N9

20
22

25

@M1PNZ=0.3

PRIDOTaPHIDAT»,2832
IF {'SYS.NE,5) ONIDOTa(,0
TRANSFORYATIAN MATR[X

Cli=1,

cl2=0,

C13=at,

C2120,

ce2=1,

€23=0,

€31a0,

£32=0,

C33=1,

F62=F63=F64=F66=F§73F68=F6950,0
F71=F73=F74sF76=F77xF78=F79s0,0
F91=F92=F94csF96=F97aF98x0,0

NAT11693
NAT114M0
NAT11110
NATL1:23
NATLI13C
NAT11440
NATL1150
NA®111640
NATL1178
NAT11140
NAT11190
NAT11200
NAT11210
NAT1122¢
NAT11230
NAT11240
NAT11250
NAT$1260
NAT11270

INITIALIZE COVARIANCE MATRIX AND SFY NOISE STYRENGTWSNATL11280

CONVERT ARC-MIN @ RAD
CANY=1,0/MINPRD
P(1,1)2(ENOOCONY)se2
P(2,2)=(EEOSCANY)se2
P(3,3)e(EDOA*CANV)on2
P(4,4)z(DLAQSCONV)®e2
P(5,5)8(DLB0NSCONV)ee2

CONVERT ARC>MIN/WR TO RAD/MIN
CONyaCONV/60,
P(6,6)8(RCLADSCANY)®02
P(7,7)3(RDLAO®CONY) a2

IF (,NBT,|NS9) GO To 20
P(8,8)=DH0es2
P(9,9)=(RDKO»60,)092

IF (,NOT,GYRDS) 22,25
OWGX3CWGYROWGZ=g, 0
G8 YO 30
CONVERT ARC=MIN2/HR TO RAD2/MIN
CONYaL,4102668E-9
QNGX=QWGXSCONY
CWGY=QWGYaCANY
OWGZ=QWGZeCONY

TGX=1,/TGX

TGY»1,/7GY

TGZwi,/7G2

CONVERT ARC=MIN/HR TO RAD/MIN

CONYad4 ,B4BL37E=6

QVGX=22,sTGXe (SGXaCONV)we2

QVGY=2,0TGY2 (SCYeLONV)Iwe2
QVGZ=2,9TGZe(SGZeCANY)es2
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NAT11290
NAT11300
NAT11310
NATL1320
NAT11330
NAT11340
NAT11350
NAT11360
NAT11370
NAY11380
NATL1390
NAT11400
NAT11410
NATL11420
NAT11430
NATL1440
NAY11458
NATL1440
NAT11470
NAT11480
NAT11490
NAT11500
NAT119810
NATL1520
NAT11830
NATL1%840
NATL1550
NATL1%60
NATL1%70
NAT11880
NATL1590
NATL1400
NAT11410
NAT11420
NAT11630
NATY1640



(e ]

N o

[ C R

40

50

(1

76

P(10,10)=(SGXsCONV)es2
P(11,11)=(SGY*CONV)Ie»2
P(12,12)=(SG7#CONV)I#a2

IF (,NAT,ACCEL) 32,35
QWAX=QWAYaQWAZag,
6O TO 40

CONVERY FT2/8EC3 TM FT2/MIN3

CONV=216000,
QWAX=QWAXeCONY
P{15,15)=(SAZ2eG)ne?2
QWAY=QWAYeCONY
QWAZ=QWAZsCONY

TAX=1,/TAX
TAYz1,/TAY
TAZ=1,/TA2

CONVERY G TB FT/MIN2

QVAXER,#TAXS (SAXeG)es2
OVAY=2,eTAYs (SAYsG)na2
QVAZa2,sTA2e(SAZeG)en2

P{13,13)2(SAXeG)ee2
P{14,14)=(SAYsli)ee?2

P(14,14)=(SAYeG)on2
P(15,15)2(SAZeG)ee2

IF (.NBT,T0RG) GO T@ 50
P(16,168)a(TAUXS0,01)002
P(17.17)3(TAUY®Q,01)9e2
P(18,18)2(TAUZe0,01)we?

IF (.NOT,GRAYD) G y@ 60

DXaDXeF TPNM
DYsDYeFTPNM
D2=DZeFTPNM
DX=i, /DX
DY.ic/DY
DZ=21,/D2

QVX22,8DXe (SVXeG)ee2
QVYa2,eDYa(SVYeG)ee2
QVZy2,eDZe(SVZeG)res2

P{19,19)=(SVYXeG)ee2
P(20,20)a(8VyesG)ee2
P(21,21)=(SV2e0Q)002

IF (,NOT,ALYSF) GO T@ 70
P{22,22)=(TALUN®0D,01)002
QWHESALTeSALT

IF (.NST,DREXON) GO ?0 100
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NAT11450
NAT11640
NAT11470
NAT11480
NAT11490
NAT11700
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DVWN=F TPNM»DVKWN
DYWE=F TPNMeDVWE
NVWN=1,/DVWN
DVWE=4,/DVYWE

CANVEART TS T3 FY/MIN

CENV=FTPNM/60,
CWX =2.,%DVWNe (SYWN®CAONV)»»2
QuY =2.'Dqu'(Squ'CBNv)"2

Pté,6)s(SVUNSCONVIR])ee2
P(7,7)s(SYWNEeCONVORICLI)#»®2

SPECIFIC FORCE (NEGLECTING LAT,

FN32,#HDOTOALATR#(,5aAL1eSL2eR

FE=2,8ALBDET#(=ReALATReSL+HDBTsCL)

FD=R #(ALL19CL®CL+ALATR®ALATR)-G
ELEMENTS OF SYSTEM MATRIX

Fl2=-ALBDETeSL
F13=ALATR
Fl4sFi?2

F17=CL
F21IGF12
F23=ALBDOTeCL
F312-F13
F32a2-F23
F37r-SL

IF (.NBT.DREKON) GO T8 105
F66s=-VGeaDYWN-HDBTOR]
F772-YGeDYWE-HDBTORIsALATReTL
QWAX=QWXsYG

QWAY=QWYs VG

GO 7O 120

F62a-FDeR]

F63=FE®R]

Foda~AL1eCL2
F64u-2,sHDOTwR]
F67a~ALBDOTeSL2
F6Az-D,5+RIvAL18SL2
F69u-2,»ALATReR]
F71=FDeRICL]
F73a-FNeRICLI
F74:2.-ALBD@YO(ALATROHDBT'RliTL)
F7682,9ALBDETaTL
F7722,8(ALATReTL=HDATeR])
F78aR[eALATReF76
F79a-2,*R[eA BDET

IF (TWOACC) GO T® 110
F9inFE

F92z-FN

F94aReAL1uSL2
F9632,*ResALATR

- 127 -

ACC)

NAT1Z2180
NAT12190
NAT12200
GATL221C
NATL2920
NAT12230
NAT12240
NAT12250
NAT12260
NAT12270
NATY{22R)
NAT12290
NAT12300
NAT12310
NAT12320
NAT12330
NAT12340
NAT12350
NATL2360
NAT12370
NAT12330
NAT12390
NAT12400
NAT12410
NATL12420
NAT12430
NAT12440
NAT12450
NAT12460
NAT12470
NAT12480
NAT12490
NAT12500
NAT12%10
NAT12820
NATL12830
NATL2540
NAT12580
NAT12560
NAT12570
NAT125890
NAT12500
NAT12400
NAT12610
NATL2820
NAT42830
NAT12440
NAT12430
NATL24680
NAT12870
NAT125380
NATL26%0
NAT12700
NAT12710
NAT12720
NAT12730



11n

F97=2,eR«ALBDATaCLCL
FOR=-(AKAP=2,)90QMS52«RIs (FDG)

IF (1SYS.GT,1) G TO 120
IPACE STABILIZED (13YS = 1)
Cli1=-SL*C|B
Ci2=a-5LeSLA
Ci3=CL
C21=-5LB
c22=CLB
Cdis-ClLeCLB
C32a-CL»SLA
C33x-SL
GO TO 200
LOCAL LEVEL (ISYS = 2)
OMIPNX=ALBDOTCL
OMIPNY=-ALATR
OMIPNZ=-ALBDATeSL
G6 TO (200,200,130,140,150,360,170),18YS
FREE AZIMUTH (ISYS = 3)
BMIPNZED, D
PSIDOT=ALBDOT»SL
PSIaPSL+PSIDATa(TIME~TPSI)
TPSI=2TIME
Cli1mCOS(PS!)
C123-SIN(PSI)
C219-C12
c22sC1i
G6 TO 200
STRAPD®WN (ISYS a 4)
Ci1aCHDG
Ci2=-5HDG
GO TO 137
RGTATING AZIMUTH (ISYS = 5)
PS!DOT=PH]DOT
Ge T0 135
UNIPOLAR (ISYS = 6)
PHIDOTaALEGNR
Ci1=COS(ALON)
C122-SINCALON)
GO TO 137
WANDER AZIMUTH (1SYS = 7)
PSIDOT2ALENReSL
PHIDOTsPS]DOTY
GO TO 435
TGRQUING RATES
WX BCL1100MIPNXoC24nBMIPNYSLILeOMIPNZ
WY 2C1200MIPNX+C220OM]PNY&CI20OMIPNZ
WZ 2C13eBMIPNYNsC2306MIPNYSCIIwOMIPNZ+PH]IROT

RETURN
END
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SUARBUTINE ALIGN

THIS SyYBROUTINE CALCULATES THE MEASYREMENT VECTBRS,
AND UPDATES THE COVARIANGE MATRIX FOR YHZ ASSUMED
VELESITY MEABUAEMENTS JUIING THE ALINNMENT PHASE,

COMMON /BALIGN/ SALIN1,SAL

COMMON /BCONST/RADPDG,DEGPRD,FTPNM,NMPFT,

COMMON /BCABVAR/ P(34,34)
CEMMON /BINIT/ INIT

IN2,

RALINL,

RALINZ

MINPRD, OMIE

COMMON /BNGM/ NPHASE,H,HDOT,ALATR,ALAT,ALEN,ALONR, ALB,

ALBDET, VG,
THW, R, Rl

VA,
Ri2,

VELN, VELE.,

G: Sk,

RICLI, CTYRK,STRK, ALAT2,
COMMON /BYPDAT/ ALFA,KOPT(34), MTYPE

REAL KOPT
LOGICAL INIT

IF (,NOT,INIT) GO TO 100

CONVERT KNBTS T8 FTP/MIN

CONVEFTPNM/60,
RALINAE(SALINL4CONV)se2
RALIN2=(SALIN2#CONV)ve2
RETURN

NORTHERLY
ALFAsP(6,8)9ReReRALINT
D8 11D I=1,34
KGPT(])=P(]1,6)¢R/ALFA
MTYPERY
CALL UPDATE

EASTERLY
ALFAaP(7,7)%RCLeRCLeRALINZ
DO 120 1=4,34
KAPT(])=P(l,7)«RCL/ALFA
MTYPE®Z2
CALL UPDATE

RETURN
END
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cLly

NAT12260
NAT13270
NAT13280
NATL13290
MATLSING
NAT13310
NAT13320
NAT13330
NAT13340
NAT13350
NAT13340
NAT13370
NATL3380
NAY13390
NAT13400
MAT13410
NAT13420
NAT13430
NAT13440
NAT13450
NAT13440
NAT13470
NAT13480
NAT13490
NAT13500
NAT13519
NAT13520
NAT13530
NAT13340
NAT13550
NAT13m80
NAT13570
NATL3%80
NAT13390
NAT13600
NAT134510
NATYL3620
NAT134530
NAT13440
NAT13430
NAT13440



2 NS Ne Ne]

¢

100

200

i

€ N = [ ol

)

SUBRBUTIME DBPLR

THIS SUBROUTINE CALCULATES TWE MEASUREMENT VECTBRS,

AND EPTIMUM FILTEBR GAINS, AND UPDATES 7THEC

CEGVAR{ANCE MATRIX FOR 397N FOHWARND AND S]DEWISE

COMMON /BCONST/RADPDG,DEGPRD,FTYPNM,NMPFT, MINPRD, AMIE

CGMMON /BCOVAR/ P(34,34)

COMMON ,BDGPLR, TDF,7DS5,SNDF,SNDS, SBDF,SBDS, SRDF ,SRDS,
DToeP,0DF,QDS, ROF, RDS

CAMMON /BINIY/ INITY }

CEMMON /BLOGIC/ GYROS3,ACCEL,YBRQ,ALTSF,GRAVD, INS9, THOACE,
DOPLER,BMEGA,SATRNG,SUBQPT, DREKGN

CEMMBN /BNOM/ NPWASE,H,HDOT ALATR,ALAT,ALON,ALONR, ALB,

ALBDAY, VG, VA, VELN, VELE, VELMW, TR, HDG'. CRA,
THW, R, R], Rl2, G, SL, L, TL. SL2, CL2s CL!,

RICLI, CTRK,STRK, ALATZ2, CHDA, SWDG,RC|
COMMAN /BUPDAT/ ALFA,KOPT(34), MYYPE
REAL KE@PT,NMPFT,MINPRD

LOGICAL GYRGS,ACCEL,YBRQ,ALTSF,GRAVD, NSO, TWOACC, DOPLER, OMEGA,

SATRNG, INIT,SUBAPY,DREKON

DEPPLER VELBC]YY MEASUREMENTS
IF(,NBT,INIT) GO YO 109 -
TDF=s1,0/7DF
TDS=1,0/TDS
CONV=FTPNM/GD,
GDF=22,0+TDFe (SNDFeCONV)ne2
Q0Sa2,0eTDSe (SNDSsCBNV ) a2
P(23,23)=(SBDFe(,01)se2
P(25,25)z(SBDS#(,.01)0e2
RDFe(SRDFaCONV)ee2
RDS=(SRDSCCGNV)0-2
RETURN

VSIDEaVGeSIN(CRB)
VFWD=yQeC8S(CRB)

FERWARD DOPPLER VELOC]TY MEASUREMENT VECTOR
H3s«VSIDE
H4éswReALONReSLaSHDG
H63ReCHDG
H7=ReCLeSHDG
H8=0.0
H22=0,0
TEMPaALATReCHDG+ALBNReCL=SHDG
IF ( NOT,TWEACC) MAmTEMP
IF(TWOACCIH22aK o TEMP
H23sVFWD
H24s1,0
H2%9s0,0
H2é6s0,0
MTYPEe3
GO Te 300 i
SJDEW]SE DAPPLER VELGCITY MEASUREMENY VECT®R
H3aVFWD
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HAz-ReALENR@SL®CHEG NAT142330

Hb=z-ReSHDG NAT14240
H7=ReCHDGaCL NATL4390
TEMP=ALONROCLACHDG=ALATReSHDG NAT14DET

1F $ NAT,THRASC) H3nTEWD NATLASTY

[F (TWAACC) HZ22=HaTEMP . NATL4243
H23=0,0 NAY14260
HZd=a0,0 MATL1430D
H25=VS1DE MAYZAXLE
H2éd=1,0 NAYL4320
MTYPE®A NAT1427C
CALCULATE QGPTIMUM GAINS NATL4340

200 DB 310 1=4,34 . NAT14X85
Iin HGPTtl):HS‘P:la3!0H4tPf1-410H6-Pl1-6)0H7tPtl.?!+N8~PlI.Bi NATLA3ED
1 +H220P(],22)+H230P (] ,23)eH248P(],24)eH?5P(],25) NATL4373

é «H26eP(1,26) NAT14377
ALFA=H3eKGPT(3)+HASKOPT(4)4HE®KOAT(6) ¢ U7 o KEPT(7) +HBWKOPT(B) MAY14330

1 SH2ZuKAPT(22) eH23aKOPT(23)eH240 (KBPT(24) «RNF) NAT14400

z +H25eKAPT(25)eH26e (KAPT(26) «RDS) NATL4440

pn 320 Imi,34 NAY14420

220 KEPT(])=KBPT(I)/ALFA NATL4433
NAT14440

CALL UPDATE NAT14430

IF (MTYYPE,EQ.3) G@ TO 200 NAT14460
NATL4470

RETURN NAT14480

END NAT14490
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SURROUTINE OMEG

THIS SUBRBUTINE CALCULATES TWE MEASUREMENT VECTERS v
AND @PTIMUM FILTER GAJNS, ANP UPDATES THF CCVARIANCENAT14530

MATARIX FBR TWd LINE-07~-POSITION MEASUREMENTS,

NAT14500
NAT14510
NAT14520

THE FNAT14%49p

L.®,P, USES STATIGNS 1OML AND 10M2, WHILE YHE SEEONDNAT14550
L,®,P,USES STATIONS JOM3 AND 1GM4,

NORWAY
TRINIDAD
HAWALL

NERTH DAKOTA
REUNTON
ARGENTINA
TASMANTA
JAPAN

NS N-

CoMMAN /BCANST/RADPDG,DEGPRD,FPPNM,NMPFT, MINPRD,

COMMAON /BCOVAR/ P(34,34)
COMMON /BINIT/ IN[T

COMMAN /BNOM/ NPHASE,H,HDAT,ALATR,ALAT,ALON, ALBNR,
ALBDAY, VG, VA, VELN, VELE. VELW, TRK, HPG, CRB,

THW, R, RI, RI2, G, SL,
RICL!, CYRK,STRK, ALATZ2,

CL, TL, SL2,
CHDG, SWDG,

THE INNICES ARE NAT14%60

AMIE

ALB,

CLe, cLI,
RCL

COMMON /BBMEGA/ 18MY, 10M2, 1BM3, 1GM4, TEML, TEM2, SNAM1, SNEM2,
SBEMY, SROM2, SROM1,SROM2,DTOM,Q0M1,Q0M2,

RGML,ROM2
CEGMMON /BUPDAT/ ALFA,KOPT(34), MYYPE

DIMENSION OMLAT(B),BMLON(B) CLOM(B),SLOMLA)

REAL KGBPT,NMPFT,M]NPRD
LBGICAL INIT

OMEGA STATION COORDINATES(RADIANS)

DAYA (PHVEL=986,123)

DATA (OMLAT® 1,15926,07186780,0,373600, 0,809213,
«0,753982, »,733038, 0,605629 ) ,
DATA (BMLBN20,229560,~1,07580,%2,75465,-1,71627,0,9686%8,

-1,13970,2,56563,2,26020 )
OMEGA AZIMUTHW FUNCYIGN

AZF{I)=ATANR(CLOM(1)eSINC(OMLON(])-ALON),
i SLOMIT)eCL=CLOM(T)@CAS(EMLON(])-ALON)oBL)

INITIAL OMEGA SET-UP
IF (INIT) 10,60
YOMiny,0/70M1
TGM221,0/70M2
06M1=22,0TOM1aSNOMLen?2
08M2=2,0eTOM2eSNOM2002
P(27,27)a6BBH1902
P(29,29)=2SB@N20e2
REM1i=SREM3we2
REM2uSROM2s02
De 20 I=1,8
CLOM(])=COS(@MLATY(I])
SLOM(])Y=SIN(OMLAT(])
RETURN
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OMEGA LINE-OF~-POSITIEN HEASUREMENT VECTERS
FIRST MEASUREMENT
ALAZAZF(IBML)
AZAZATF(1BM2)
#27=1,0
HeB=1,0
H29=0,0
H30=0,0
MTYPE=S5
GE TH 100
SECAND MEASUREMENT
AZA=AZF (1GM3)
AZBeAZF (1EM4)
H27a0 0
HZ8=n,Nn
MTYPE=S
H29=1,0
Hin=1,0

H4 =R «(COS(AZA)»COS(AZB))/PHVEL
H3 =R #(SIN(CAZAY~SIN(AZB))eCtL/PHVEL

CALCULATE OPTIMUM GAINS

DG 120 1=%1,34
KEBPT(])=HASP(],4)eH56P(],5)6H278P (1,27 )eH28aP(],28)4H29
1 eP(1,29)sH30eP(1,30)
ALFA=HAeKBPT (4) +HBeKOPT(5) «H27aKOPT(27) ¢
1 H2Be (KOPT(28)¢ROML)+H29aKAPT (29 ) e M3 00 (KAPT(30) $ROM2Y
CO 140 [=1,34 :

KEPT(])=KEPY(1)/ALF

CALL UPDATE

IF (MYYPE,EQ,5) 68 T& 70

RETURN
END
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SUBROUTINE SATR NAT15440

NAT15420
THIS SUBRGUTINE CALCULATES THE MEASUREMENT VECTORS NAT15430
AND OPTIMUM FILTER GAINS, AND UPDATES THE COVARIANCENAT15440
FOR TW® SATELLITE QANGING MEASUREMENTS, TWE NAT1545%5)
LATTITUDE, LONGITUDE AND ALTITUDE OF EACW SATELLITE NAT15480
ARE INPUT PARAMETERS, AND ARE ASSUMED Y0 BE CONSTANTNAT1I5470

NAT15480

Ce@MMoN /BCONST/RADPDG,DEGPRD,FYPNM,NMPFT, MINPRD, MMIE NAT15490

COMMAON /BCBVAR/ P(34,34) NAT15500

COMMON /BINIT/ INIT i NAT15510

CeMMEN /BLOGIC/ GYR@S,ACCEL,YORQ,ALTSF,GRAVD, INSO,TWaACC, NAT15520

1 DOPLER,BMEGA,SATRNG,SUBOPT,DREKON NAT15530
Ce“MaN /BNOM/ NPHASE,H,HDOT,ALATR,ALAT,ALON,ALBNR, ALB, NAT15%40

1 ALBDOAYT, VG, VA, VELN, VELE, VELW, TRK, HDG, CRS, NAT1555¢
Z THW, R, RI, R!2, G, St. CL, TL, SL2, CL2, cL!, NAT158680
3 RICLY, CTRK,STRK, ALAT2, CHDGf, SHDG,RCL NAT1557¢
COMMON /BSATR/ SATLAT(2),SATLBN(2),HSAT(2),TSAT1,TSAT2, NAT1558(

1 SNSATL,SNSAT2,SBSAT1,SBSAT2,SRSATL,SRSAT2, NAY15589(
e DTSAT,0S5AT1,05AT2,RSATY,RSAT? . NAT15400
COMMON /BUPDAT/ ALFA,K®PT(34), MYYPE NAT15840

DIMENSION RPSN(3), CRSAY({2), SRSAT(2) NAT15420

REAL KGPY,NMPFT,MINPRD NAT15430

LBGICAL GYR@S.ACCEL.TBRQ.ALTSF.GRAVD:XNS9.THGACC:DNPLER.GHEGL, NAT15840

1 SATRNG,SUBBPT,DREKEN NAT15850
LEGICAL INIT NAT155680

DATA (RSYNCH-1383373462).(HSYNCH1117411616.)](FTPHS=903.567) NAT15470

NAT15480

IF ¢INITY 10,60 NAT15400

TSAT1m1,0/7SATY NATL5700

TSAT281,0/7SAT2 NAT15710

GSAT132,08TSAT1e(SNSAT1eFTPHS)uws2 NATL5720

QSAT202,08TSAT28(SNSAT2aFTPMS)we2 NAT15730

P(34,31)=(SBSAT1aFTPMS)ne?2 NAT15740

P(33,33)s(SBSAT2eFTPyS)#e2 NAT15730

RSATLP(SRSATLeFTPMS )wa?2 NAT15740

RSAT28(SRSAT24FTPNS)ne2 NAT15770

SATLON(1)ESATLON(1)eRADPDG NAT15780

SATLON(2)8SATLON(2)aRADPDG NAT15790

NAT15800

INITIAL SATELLITE CALCULATI@NS NATL5a10

FOR SYNCHWRANBUS,EQUITORIAL 6RBITS NAT15820

SATLAT(1)30,0 NAT15830

SATLAT(2)m0,0 NAT15840

HSAT(L)mMHSYNCH NAT15850

HSAT(2)=HSYNCH . NAT158680

RSATERSYNCH NATL5a70

CRSAT(1)=RSAT NAT13a80

SRSAT(1)=0,0 NAT13890

CRSAT(2)uRSAT NATL8900

SRSAT(2)=0,0 NAT1S010

H8s0.0 NAT15920

W2280,0 NAT15930

RETURN NATL3040

s NAT15050

SATELLITE RANGING MEASUREHENT VECTgRS NA?xseaa

- 134 -



L

70

140

FIRST SAYELLITE
H31=1|
Hig=1,
L33s3,
.“'34-1{:."-
MTYPERT
Ge T 100

0
0

o =}

SECOND SATELLITE

HJdi=0,0
H32=0,0
HS3=1,0
H3d=1,0
MTYPE=A

LINE-QF~SIGHT VECTAR
MEAS=MTYPE-§
DCLAN=SATLON(MEAS)~ALDBN
CLEN=CRS(LLON)
RPSN{1)=SRSAT(MEAS)sCL~-CRSAT(MEAS)*SLeCLON
RPSN(Z2)=CRSAT(MEAS)«SIN(DLAN)
APSN(3)=~(SRSAT(MEAS)#SL+CRSAT(MEAS)=CLeCLAN)+R
TEMP=1,0/SORT(RPSN(1)*e2+RPSN(2)0e2sRPEN(I)we2)

H4 =zReRPSN{1)»TEMP

H5 =RCL*RPSN(2)sTEMP

IF (.NOT.TWAACC) K8 =PPSN(3)eTEMP

IF (TWOACC) H22 uH eRPSN{3)eTEMP

CALCULATE OPTIMUM GAINS

DG 120 I1=1,34

KOPT(])zH4eP ([, 4)eHS5eP([,5)oMBaP(],8)eH220P(1.,22)0
H31eP(]1,31)eH328P(],32)sHIIeP(],33)+H34eP(],34)

ALFA=HAeKBPT(4)eHBeKAPT(5)oHACKOPT (B)eH22eKBPT(22) e
HIL1eKOPT(31) W32 (KEPT(32)eRSATL) +HIIeKAPT(33) 4
H34« (KCPY (34)+RSAT2)

DG 140 I=41,34

KBPT(])=KBPT(I)/ALFA

CALL UPDAYE

IF (MTYPE,EQ.7) G& T®& 70

RETURN
END
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SURROUTINE UPDATE NAT16370
NAT16380

TH]S SyBRAYTINE YPDATES THE COVARIANCE MATRIX FOR NAT16390

OPTIMUM QR SURAPTIMUM MEASUREMENTS, IF 4 SURBPTIMUMNATL1400

GAIN HISTARY [S SPECIFIED, THE SURGPTIMUM GAINS ARE NAT18410

FOUND BY LINEAR INTERPQLATICGN, NAT16420

NAT16430

CoMMAN /BCOVAR/ P({34,34) NATL6440
COMMON /BINDEX/ I11(5B5), JJ{S8%), KK(585) NAT16450
COMMON ,BINTEG, S(58%),5D(58%), DT,DT05,NEQ . NAY16460
CoMMEN /BLOGIC/ GYRQAS,ACCEL,TORQG,ALTSF,GRAVD, INS9,TWAACC, NAT16470
1 DEPLER,OMEGA,SATRANG,SURQPY,DREKAN ) NAT16480
COMMON /BSUBOP/NK,TSUBK(20):KSUBNF(20,34), KSUBDS{20,34), NAT16490
i KSuBp1(20,34), KSYBQp2(20,34), KSUBS1(20,34), NAY16500
i KSUBS2(20,34),PGAINS NAT16510
COMMON/BTIME/TIME NATL6520
COMMON /BUPDAT/ ALFA,KAPT(34), MYYPE NAT16530
REAL KOPT,KSUB, KSUBDF ,KSUBDS,KSUBQ1,.KSUBN2,KSURSL  KSUBS2 NAT1654p
DIMENSION XK(2D,34,6),KSUB(34) NAT16550
EQUIVALENGE (XK(1),KSUBDF(1)),(TIME,T) NAT16%60
LOGICAL GYRGS,ACCEL,TORQ,ALTSF,GRAVD, INS9,YWOACC,DAPLER, OMEGA, NAT16579
b SATRNG, SUBGPT,DREKEN NAT1658¢0
NATL16590

1F (MTYPE,LE.2) GG T® 10 NAT18400
NAY16410

IF (SURGPT) GO T8 100 NAT16620
NAT16430

. OPTIMUM FILTER GAJINS NAT16440

NAT16450

pe 50 1=1,34 NAT16680
DG 50 J=l,34 NAT16670
PU1,JYaP (], J)=ALFASKOPT(1)eKOPT(J) NAT16680
Pl 1mP(]sd) NAT166990
WRITE 6OUT BPTIMUM GAINS NAT16700

IF (PGAINS,EQ,0,.8R,MTYPE,LE.2) GO TO 300 NAT16710
WRITE (7) TIME,MTYPE, (KOPT(1),]n1,34) NAT16720
GO 70 300 NAT16730
NATL6740

SUBBPTYIMUM FILYER GAINS NATL6730

NAT16760

INTERPOLATE FBR SUBEPTIMUM GAINS NAT16770

NAT16780

1F (T,07.TSUBK(L1)) GO T8O 110 NAT16790
1Jsy NAT16800
DO 105 M=1,34 NAYT16810
KSUB(M)=XK({]J M, MTYPE=2) NAY16820
GG TO 145 NAT16630
D6 120 [=2,NK NATL6R40
Jeleg NAT1885)
IF (T,LT.TSUBK(])Y) G& TO 130 NAT16860
CENTINUE NATL6870
1JuNg NATL16800
Ge TO %02 NAT16890
Di1=(TeTSUBK(J))/CTSUBK(])=TSUBK(J)) NAT16600
D2=1,0-D1 NAT169010
DO 440 M=1,34 NATL16920
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KSUB(M)=DLeXK (], M;MTYPE=-2)4D2eXKtJs M, MTYPE=2)

L6 150 1=4,34
LG 150 J=1,34

"l1:JI=P¢(:J]*ALF5'lKSUB(I!*KSPTIJ)atK@PT{I)nKGUQ(!)itksungI)

Flas 112201, 0)

GG TO (310,350,310,3%0,310,350,310,350,310),MTYPE+L

DY 320 L=4,NEQ
K=KK(L)
1=11(K)
JEJJK)D
StLy=rPLI, )

RETURN
END

SET S ARRAY

137

NAT14630
NAT1694p
NAT1605p
MAT1695¢C
HAT 16970
NAT16989
NAT163919
NAT17000
NAT17n10
NAT17020
NAT17030
NAT17040
MATL7650
NAT17n60
NAT17070
NATL70%20
NATL7090
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SURRAUTINE RKUTTA
RUNGE+*KUTTA INTEGRATION ROUTINE - FOURTH ORDER

Ce4¥aN /BCAVAR/ P{34,34)

CEMMAN /BINDEX/ 11(585), JJ(583), XKK(585)
CEMMON /BINTEG/ S(585),5D(58%), DT,DT0B,NEC
CEMMBAN/BTIME/TIME

DIMENSION B1(585),B2(5R5),83(5R85),S51(5A5)
EGUIVALENCE (TIME,T)

CALL DIFEG(T)

I¥ (DT.EQ,0,0) RETURN
NE 2 Ns1i,NEQ
SItNYRS(N)
Bl(N)sDTeSN(N)
S5(N)=SI(N)+,5B1(N)
T1=T+DT05

CALL DIFEG(TT)

NG 4 N=1,MEQ
B2(N)=DTeS§D(N)
SIN)=SJ(N)s,5eB2(N)
CALL DIFEG(TT)

BB 6 N=1,NEQ
B3(N)aDTeSD(N)
TTaT+DY
S{N)aS](N)esBI(N)
CALL DIFEQ(TT)

D6 8 Nsi,NEQ

SEN)=SI(N)S(BLINI®2,0H2(N)e2,9B3INI¢DTaSD(N))I*0,16666647

K=KK(N)

el 1(K)
JEJJIK)
P{J,1)nS(N)
P{l,J)nS(N)
T=T7

RETURN
END
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NAT17110
NAT17129
MATL7132
NAT17140
NAT47459
NAT17160
NAT17172
NAT171R0Q
NAT17100
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NAT1721C
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NATL7230
NAT17240
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NMATL7260
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SLRROUTINE DIFEQ(TIMNE)

SETS YHE PRBPER ELEMENTS OF THE COVAR]ANCE MATRIX
AND CALCULATES THME NEQ DERIVATIVES T8 BE INTEGRATED

CC»MON /BCABYAR/ P{34,34)

CEMMAN /BINDEX/ 11(585), JJ(589), KK(585)

CEMMON /BINTEG/ $(585),5D(385),

DT,DT0%,NED

SET P«MATRIX VALUES

D& 100 L=1,NEQ
K=KK(L)
I[=11(K}
JEJJ(K)
P{I,J)aS(L)
AR LLES PP

CALCULATE DERJVATIVES

D@ 200 L=1,NEQ

KsKK (L)

I=11(K)

JEJJ(K)
SDIL)IET(1,d)eT(J,1)e6QG(T s}

RETURN
END
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NAT17490
NAT17500
NAT17510
NAT17520
NAT17530
NAT175%40
NAT1755%0
NATL7560
NAT17570
NATL7580
NAT17590
NAT17600
NAT17610
NATL7620
NAT17430
NAT17640
NAT17450
NATL7460
NATL7670
NAT17480
NAT17690
NATL7700
NAT17710
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FUNCT]ON T(I,J)
COMPUTE ELEMENTS GF FP MATAlX

COMMEN /BCAVARS P{34,34)

COMMON /BD@PFLA/ TOF,TD3,SNDF,SNDs, sBDF,S8CS, SrDF,5nDS,

1 DTDEP,O0DF,QDS, RODF, RDS

CAMMAON , BINS1/1SYS,FEO0, ENO,EDO,DLAO,NLBO,RDLAD,RNLOO0,DHO,
RDHO,AKAP, PHIDOY, B©MS2,FN.FE, FD

COMMON /BINS2/TGX,TGY,TGZ,QWGX,0WGY,0WaZ,SEX,SGY, 582
OVeX,QVGY,OVGZ, TAX, TAY,TAZ,QWAX,QWAY ,QWAYZ,
SAX,SAY,SAZ,QVAX,QVAY,QVAZ, TAUX, TAUY,T4UZ,
DX,DY,DZ,SVX,SVY,SVZ,QVX,QVY,QVZ,Qa"H

COMMON /BIN53/ C141,C12,C13,021,022,€23,C31,C32,C33,

F12,F43,F17,F21,F23,F31,F32,F37,F62,F83,F44,Fb6,
F&67,F88,F69,F71,F73,F74,F76,F?7,F78,F79,F91,F%2,
FO4,F98,F97 ,FP8, WX WY, W2

COMMON /BLOGIC/ GYRAS,ACCEL,TORQ,ALTSF,GRAVD,INSS, TWBACC,
DOPLER,BMEGA,SATRANG,SUBGPT,DREKGN

CEMMON /BNBM/ NPWRASE,MH,HDOT,ALATR,ALAT,ALGON,ALONR, ALSB,

ALBDBY, VG, VA, VELN, VELE, VELW, TRK, KDG, CR8,
THW, R, RI, R!2, G, SL, €L, TL, SL2, CL2, CL1I,
RICLI, CTRK,STRK, ALAT2, CWDR, SWDG,RCL

COMMON /BEMEGA/ 18M1, TEM2, 1BM3, 16M4, TEM1, TEM2, SNOMYL, SNOM2,
SBAM1, SRAOM2, SRAML,SROM2,DTEM,G0M1,00M2,
ROML,ROM2 )

COMMON /BSATR/ SATLAT(2),SATLON(2),HSAT(2),TSAT1,TSAY2,
SNSATY,SNSAT2,5BSAT1,5BSAT2,5RSAT1,SRSAT2,
DTSAT,0SAT1,0SAT2,RSATL,RSAT?2

LOGICAL GYRGS,ACCEL,TBRG,ALTSF,GRAVD, INS9,TWOACC,DOPLER,OMEGA,

SATRNG,SUBBPT,DREKON

(XY XY TR

LS n - (2~ Vo t o [Z N NY o

[ y

GO T0 (1,2,5,4,5,6,7,8,9,10,11,12,13,14,1%,16,16,146,19,20,21,16,
116,24,16,26,16,28,16,30,16,32,16,34),] i )
T=712'P(ZIJ)‘F13'P(3:J)‘F12‘P(‘JJ)‘F17CP(7.J)*Cii‘P(iO,J)0c12t
1 P(11,J)¢C13eP(12,J)¢WXeC11uP(18,J)eWYSCL12eP (17, )¢WZaC13e
2 P{18,J)

RETURN

NAT17740
NAT17750
NAT17760
MAT17770
NATL77RG
NAT17790
NAT17800
NAT17R10
NAT17R20
NATL7830
NATL17B40
NAT17830
NAT17860
NATL7R70
NAT17880
NAT17890
NAT17900
NAT17910
NAT17Q20
NAT17930
NATL17040
NATY17950
NAT179680
NAT17970
NAT17989
NAT17990
NAT18000
NAT18010
NAT18020
NAT18030
NAT18p40
NAT180%0
NAT18060
NATL8q70
NAT18n80
NAT18p%0
NAT18100
NAT18110

T=F218P(1,J)+F238P(3,J)+P(6,J)eC240P(10,J)eC220P(34,J)+C230P(42,JINAT18420

1 SHXWC219P(16,J)eWYeC220P (17 ,))+KW20C23eP(18,))

RETURN

T=F31eP (1, J)eF329P(2,J)¢FI20P (4, J)oF37eP(7,J)+C30eP(i0,J)
1 +C3248(11,J)9C330P(12,J)oNXuC310P (16, )+WYRC32eP{17,.)
2 +WZeC33eP(18,4)

RETURN

YaP(6,J)

IF (NPHASE,EG,0) T » 0,0

RETURN

TzP(7,J)

IF (NPHASE,E0.,0) T = 0.0

RETURN
TEFOQeP(2,J)eF63aP (I, JI+F640P (4, )eFB6aP (6, )+F67eP(?,J)eF 68
1 oP(B.JISFE9ePLO,J)sRI#(CL10P(13,J)4C12¢P14,0)4Ci3sP(15,J)
] PP (19, 4))

IF ( NOT,TWBACC) RETURN

ToT+(F68sHeFAI*NDBT )P (22,J)
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NAT1B430
NAT18140
NAT18150
NAT18460
NAT18470
NAT18180
NAT181490
NAT18200
NAT18210
NAT18220
NAT18239
NAT18240 -
NAT18250
NAY182690
NAT18270
NAY18280
NAT18290
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11
12

14
15

1¢

RETURYN
T=r71‘p(1,J)0F73¢P(3|J,*F?"’("J)*F76IP(6.J,‘F77‘P(70J)iF7a
1 WP (8, J)+F793P(9,J)sRICLIa{C214P(13,J)eC22%P(14,J)+C2]
2z sP (15, J)«P(20,J))

1F (,NOT,TWQACC) RETURN
T=T+(F7BeN+F79=HDET)»P(22,.)
RETURN

T2P(9,.J)

RETURN
T=FG1eP(1,J)sF028P (2, )+F94eP (4, )+F96uP (6, )sFI7eP(7,J)+F98
i “P{B, ) -(C31aP(13,J)+C32eP(14,J)+CIToP(15,0))¢P(23,))
z +AKAP#EMS2sHeP (22,J)
RETURN

T==TGX*P (10,4}

RETURN

T=~-TGYe*P(11,J)

RETURN

TenTGIeP(124J)

RETURN

Ta=TAXP(413,J)

RETURN

TewTAYeP(14,J)

RETURN

T=«TAZeP(15,:J)

RETURN

=0,

RETURN

==DX8P(19,J)*VG

RETURN

Ta=DYSP(20/,J)9VG

RETURN

Y=~DZeP(24,J)eVG

RETURN

Ta-TDFeP(24,J)

RETURN

T=aTDS#P(R6,J)

RETURN

Ts-TOM1sP{28,J)

RETURN

TaTOM2=P({30,J)

RETURN

TaTSAT1eR(32,J)

RETURN

T3=TSAT2¢P(34,J)

RETURN
END
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NAT18300
NAT183190
NAT18320
NATL2333
MAT13340
NAT18350
NAT18360
NATiB370
NAT18380
NAT18390
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NAT18450
NATL84680
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NAT18480
NAT18490
NAT18500
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NAT18520
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NAT18560
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NAT18530
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0

10
i1
12
13
14

20

el
22

1

[

[ NEo

[N N

1
2
3

i
2

N =

FUMCTION GGG(1,J) NATL8770
MAT1R7RO
COMPUTE ELEMENTS OF DRIVING NOISE MATRIX = 5 @ GT NAT1RY90
NATL1R200
Caummy yRUEPLA, TDF,TDS, SHRF,SNDS, $ADF,SADS, SRDS,Saps, MAT14210
DTDOP,0DF,QL3, RDF, RDS » NAT1882(
CCMMON / BINS1/I18YS,EEN, END,EDQ,CLAO,DLOO,RNLAGC.RDLMO,DHND, NAT18830
ROHO,AKAP, PHIDBY, OMS2;FN,FE, FD NAT18840
CAMMBN /BINS2/TGX,TGY,TGZ,0WAX,0WGY,QWEZ,S6X,56Y,502), NAT18R50
OVGX,QVGY,QVGZ, TAX, TAY, TAZ, QWAX,OWAY,QWAZ, NATL18R60
SAX,SAY,SAZOVAX,QVAY,0VAZ, TAUX, TAUY, TaUZ, NATLBR7Q
DXsDY,NZ,5VX,8VY,SVZ,QVX,QVY,QVZ,QWH NAT188B0
CEMMAN /RINS3/ C11,€12,C13,021,C22,023,€31,C32,C33, NAT18R9)
F12,F43,F17 ,F21,¥23,F31,F32,F37.F62,F83,F84,fF86, NAT18900
FOA4,FO8,F97 ,FOB, WX, HY, W2 NAT18920
CGMMON /BNOH/ NPWASE,H,HDBY,ALATR,ALAT,ALGN,ALONR, AlB, NAY1893p
ALBDOY, VG, VA, VELN, VELE, VELW, TRK, HDG, CRB, NAT18949
THW, R, RI, RJ2, G, SL.» €L, TL, SL2, CL2, CLI!, NAT186SQ
RICLI,CTRK,STRK,ALAT2,CHDG, SHDG,RCL NAT1RG4D
CEMMON /BEMEGA/ loMi, 1OM2, 1OM3, 1OM4, TOM1, TOM2, SNOMY, SNEMZ, NAT1807)
SBOM1, SBOM2, SRAMY,SROM2,DTAM,Q0M1,Q0M2, NATi1R9AQ
ROM1,REM2 NAT18990
CEGMMON /BSATR/ SATLAT(2),SATLEN(2),HSAT(2),TS5AT1,TSAT2, NAT19000
SNSAT1,SNSAT2,SBSATL,SRSAT2,SRSATL,5RSAT2, NATL9010
DTSAT,GSAT1,054T2,RSATY,RSAT2 NAT19020
NAT19030
IfF (I,LE.y) GO TO B NAT19n40
11=1 NAT19050
1=J _ NAT19080
J=1] NATL9070
GO TO® (10,20,30,14,14,60,70,14,90,100,110,420,130,140,150,14,14, NAT19080
14.190.200.210.14.14.240.14p260.14.280.14.300.14}320.14.340).INA719090
I=4 NATL9100
IF (J,6T.4) GO Te 14 ; NAT19110
GE T8 (11,12,13,14),J NAT19120
GAG=C11*CL1eQUWGX+C12eC120QUGEY*L13eC13I00WEE NAT19430
RETURN NAT194140
GQG=ClisC2190WGX+C120C228QNGY*C139C2340KWG2Z NAT19150
RETURN NAT19%60
GAG=C11#C3imQWGXC12aCI20QUGY+CLI*CIZwqWGZ NAT19¢470
RETURN NATL19180
GOGz0,0 NAT19194
RETURN NAT19200
le2 NAT19210
IF (J,GT.4) 6B T® 14 NATL19220
GO T8 (21,22,14),J-1 NAT$9230
Gaa=c216c21-owsx-caz-qzz-owevoczs-czanawsz NAT19240
RETURN NATL9250
sasaczi-cai-ausxoczz-cszvoucvoczs-cssonunz NAT19260
RETURN NATL19270
Ta3 NAT19280

IF {J,GT.4) GO TO 14 NAT19290 -
GO To ¢31,14),J.2 NAT19300
GAGaCI1»CI100WGX+CI20CI20QWGYOLIIeCIInonG2 NAT19310
RETURN NATL9320

.
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l1=6
1F (J,6T,10) GP TE 14
G& TO (61,62,14,63,14).J-5
ALG=zRI2a(C1l1eC11wCWAXSC120C1220WAYSC130C13sQWAZ)
RETURN :
GUGzRI*RICLI®(C119C21%NWAXeC12aC22%QWAY+C13vC23e0WAZY
RETURN
GQAG=-RI»{C11wCI1eGWAXCCL12»C22+QWAY*L13sC3IJwQWAZ)
RETURN
1=7
IF (J,6T7.10) GO TO 14
GG T@ (71'14;72.14’|J‘6
GGG=RICLISRICLI®(C210C21¢QWAX+C22%C22%0WAY+C230C230QUWAY)
RETURN
GUGs-RICLI®(C21sC31e0WAX+C22eCI20QWAY+(C232C3340KAZ)
RETURN
1=9
IF (J,67,10) GO TE 14
G TH (91,14),J-8
GGG=C31+CI1wQWAXSCI2sCI2nQUAYHCIIoCIIwAWAZ ¢ (AKAPWOMS2)u e u2WH
RETURN
1=40
IF (J,67.11) GO 76 14
GO TO (101,14),J-9
GAG=QVGX
RETURN
legl
IF (J,67.12) GO YO 14
GE 7O (111,14),0-10
GAG=QVGY
RETURN
1s12
IF (J,G67.13) G& T8 14
GE TO (121,14),J-11
GQG=QYyQaz
RETURN
[u13
IF (J,GT.14) GO YO 14
GO TO (131,14),J.12
GOG=QVAX
RETURN
=14
IF (J,67.15) GO T8 14
GO TO (141,14),J-13
GAG=QVAY
RETURN
1215 S
IF (J,GT,16) GO TE 14
GO TG (151,314),J-14
GAG=QVAZ
RETURN
119
1F (J,67,20) GO T8 14
GO TO (191,14),J-18
GQG=QVYXaVG
RETURN

- 143 -

NAT19ZZ¢
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NAT19480
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NAT195110
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NAT19520
NAT19540
NAT19550
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NAT19570
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NAT19600
NAT19410
NAT19420
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NATL1%440
NAT19650
NAT19660
NATL9470
NATL9480
NAT19490
NAT19700
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1=2C
IF (J4,67.21) GB TE 14
GG TH (201,14),J-19
GGEG=2YYeVG
RETURN

=21
[F (J,GT7.22) G& TQ 14
GE YO (211,14),4-20
GGG=QVZeVG
RETURN

=24
IF (J,67.25) GO TC 14
GE TH (241,14), J=23
GQAG=QDF
RETURN

=25
IF (J,5T7.27) GO T¢ 14
G& TO (261,14), J=25
GCh=0DS
RETURN

1=28
IF (J,GT.29) G& T8 14
GE YO (281,14), J=27
GAG=QEMY
RETURN

1230
IF (J,G6T.31) GO T8 14
GB TO (301,14), J=29
GGG=nEM2
RETURN

=32
IF (J,GT.33) GO Y0 14
GG Te (321,14), J=-31
GAG=0SAT1
RETURN

1=34
IF {J,GT.35) GO T@ 14
GO TO (341,14), J-33
GAG=QSAT2
RETURN
END
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SU3RAUTINE BLUNDR

CIMMAN

THIS SUBROUTINE FURNISHES THE ERPROR STATISTICS
EXISTIAG IMMEDIATELY AFTER THE Q@CCURANCE OF 4
BLUNIER AR MALFUNCTIAON AT TIME = TSLUNZS,

IT MUST SET THE APPRBPRIATE PARAMETERS 1N INTERNAL
UNITS (FEET, RADIANS, MINUTES) FAR THE SPECIFIC
SITLUATIEN UNDER INVESTIGATION,

/BALIGN/ SALINL,SALIN2, RALIN1,RALINZ

CEMMAN/BALT/TAUH,SALT, TAUHD,SALTD

CEMMON
CeMMAaN
COMMOBN
1
COMMAN
1
z
CoMMBN
1
COMMAN

Y =

CEMMEN

o B

COMMAN
1
COMMAN
1
g

COMMON
i
c

/RCENST/RADPDG,NEGPRD,FTPNM,NMPFT, MINPRD, OHIE

/RCOVAR/ P(34,34)

/BDBPLR/ TLCF,TDS,SNDF,SNDS, SBDF,SBRS, SRDF,SRDS,
DYDEP, QNF, GDS., RDF, RDS .

/ BFLTPN/ DTA,DTT, WO, VCL,RC,MCR,HCR NWPTS, LAT(20),

LEN(20), THETAW(20), VW(203., TCR, TMt20), VN{20),
VE(2€)

/ BINS1/1SYS,EE0, ENO,ED0,DLAO,DLO0,RDLAC,RDLAO,DHO,
RDHD + AKAP, PHIDOT, BMS2,FN.FE, Fn ,

/BIst/TﬁiiTG?aTGZIQusxaQHGYJQUGZ-SGx}SGYOSGZD
QUGX-QVG*.DVGZ.TM(-TkY.TAZ.GH&!.OHAY.GH;\Z.
SAX,SAY,SAZ,QVAX,QVAY,OVAZ,TAUX, TAUY,TAUZ,
DX,DY,DZ,SVX,SYY,SVZ,QVX,QVY,0VZ,QHWH

JRINSZ/ ¢11,012.,013,C21,C22,C023,031,C32,C33,
F12,F13,F17,F21,F23,F31,F32,F37,F62,F63,F64,F66,
F67,F68,F69,F71,F73,F74,F76,F77,F78,F79,F91,F92,
F94,F96.F97.F96.HX.NY.WZ

/BLBGIC/ GYROS,ACCEL,YBRA,ALTSF,GRAVD, INS9, THOACC,
DEPLER,BMEGA,SATANG,SUBOPT ,DREKON

/BEMEGA, 1841, l@M2, 10OM3, leM4, TOM1, TOM2, SNEOM1, SNEM2,
SBAML, SBEM2, SRAM1,SREM2,DTAM, QM1 ,00M2,
REM1,RBM2

/BSATR/ sATLAT(Z).sATLGN(Z)-HsAT(Z).TSAT1.TsA72.
SNSATL,SNSAT2,S85AT1,SBSAT2,8RSAT1,SRSAT2,
DTSAT,0SAT1,05AT2,RS5AT1,RSAT?2

REAL LAT,LE@N,MCR,NMPFT,MINPRD
LOGICAL GYRGS,ACCEL,TORQ,ALTSF.GRAVD, INS9,THOACC,DBPLER, OMEGA,

SATRNG,QUIT.INIT,SUBOPT,DREKEN

s o EXAMPLE BLUNDER IS GMEGA LANE SWITCH, -
s« » L, 8, P, =1 BIAS ERROR SUDDENLY JUMPS RY 24 NM,

DATA (PHVEL=986,123)
P(27,27)=(SORT(P(27,27))¢24,0¢FTPNM/PHVEL)e#2

RETURN
END
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MAT20300
NAT20310
NAT20320
NAT20330
NATZN340
NAT20350
NAT203680
NAT20370
NAT20380
NAT20390
NAYT20400
NAT20410
NAT20420
NAT20430
NAT20440
NAT20450
MATZ20460
NAT20470
NAT20480
NAT20490
NAT20500
NAT20510
NATZ0520
NAT20530
NAT20540
NAT20550
NAT20562
NAT20570
NAT20580
NAT20590
NAT20600
NAT20610
NAT20420
NAT20430
NATR20840
NAT20650
NAT20660
NAT20670
NAT20680
NAT20690
NAT20700
NAT20710
NAT20720
NAT20730
NAT20740
NAT20750
NAT20760
NAT20770



s
4%

51

it

chu

b

AY=D,25

CENTINUE
IF(LL.ED,5) LL=t
Ir (LL,E2,7) LLsS
Ju=Jyu=-1
LABEL BRDINATE

CALL SCALE (Y(1) +NPTS,AYLENCJ), YMIN, DY, 1,DVY)
CALL AXIS(D-OJO.OpYTIT(K)pHM(L)pAYLEN(J)-.5-9U-;DVV;VHIN.DVv

A4HF6,2)
IF (J,EQ.8)
IF (J,EQ.7)
IF (J,EQ.8)
IF (J,EQ.5)
IF (J,EQ.4)
IF (J,GT.,4)
It (J,LE.4)

XEXrrerr
X X NG WA

M aounn

i1
N

1

PLAT CURVE
CALL LINE (X,Y,NPTS,1,-1,0.0,0}
CONTINUE

RESET F@R NEXT RUN
CALL PLOT (7.0,10,0,-3})
CALL PLOT (0.0+0.0,=2)

RETURN
END
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MAT21R9Q
NAT21900
NAT21910
MAT21920
NAT21930
NAT21940
NAT21950
NAT2190620
NAT21973
NAT2102(
NAT21990
NAT22020
NAT22010
NAT22020
NAT220320
NAT22040
MAT22050
NAT22060
NAT2207C
NATZ22080
NAT22090
NAT22100
NAT22110
NAT22120
NAT22130
NAT22440
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