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INTRODUCTION

PURPOSE

Loran-C propagation software was developed to predict signal characteristics at
selected airports throughout the continental Unlted States, Alaska and Canada as
potential Loran-C non—prec1510n approach sites.

BACKGROUND

Loran-C signals are transmitted as synchronized pulses from a master and two or
more secondary stations in the 90-110 kHz frequency band. The receivers are
designed to track the ground wave propagated signal. Signal propagation is
affected by different combinations of land/sea conductivity paths and to some
extent weather (seasons). Skywave signals and spectral interference change the
shape of the pulse. Pulse shape as well as signal to noise ratio affect the
receiver's ability to accurately determine the proper tracking point.

A distinctive feature of Loran—-C is it's combination of range and accuracy. The
low radio frequency provides good radio propagatlon over land and sea, not being
restricted by line-of-site transmission.

Atmospheric noise, local noise, ground conductivity and distance from the transmitter
all affect Loran—-C performance. The transmitter-receiver geometry (crossing angle
and line of position gradients) affect the ability to accurately determine user
position. This effect is characterized by a figure of merit called geometric
dilution of precision (GDOP). The root-mean—square user position errors increase

as GDOP increases. The optimum value for GDOP is one. This occurs along a

baseline where the line of position crossing angles are perpendicular.

DISCUSSION

This simulation consists of a main program (LORAN-C) and a library file (LORLIB)
containing eleven subroutines. The programs were written in Digital Equipment
Corporation (DEC) Fortran IV using an RT-11 operating system. The modular

structure was designed to allow for easily inserting future modifications and
improvements. In addition, data files were created to store data for eight of the
major North American group repetition intervals (GRIs) (see appendix A for a list of
information contained in each). These files are selected through a user prompt in
the main program. '

This software was developed as a first generation baseline model to theoretically
predict Loran-C propagation characteristics. The simulation software will be
improved as additional information is made available. The sources for the equations
may be found in the references 1 through 7 and in appendix A.

The main program logic is illustrated in the accompanying flowchart (figure 1).
Prompted by the computer, the user enters a desired data file (file names used are
related to the GRI). After the file is read and parameters are set, the user is
then prompted to enter a location identifier, position coordinates (latitude and
longitude), runway heading with respect to magnetic north, magnetic variation, and
estimated atmospheric noise. The program calculates and outputs the following
parameters using various subroutines:



Great circle distance (transmitter—to-user location)

Initial heading (user—-to-tramsmitter location)

Ground wave field strength (for seawater ahd poor soil)
Signal-to-noise ratio

Envelope-to-cycle difference

Great circle distance (transmitter-to-system area monitor (SAM))
Double range difference (transmitter—to-user, transmitter-to—-SAM)
Gradient

Direction of normal line of position

Time difference

Crossing Angle

Radial fix errors (longest and shortest sides of error parallelogram)
GDOP

Crosstrack and along track errors

The latter seven parameters pertain to master—secondary 1 and master—secondary 2 triad
combinations. o

Data are divided into three sections and formétted.for the line printer. The first
section contains transmitter—to-user location information followed by double range
difference with the SAMs. Data pertaining to the triad combinations are formatted

A sample data output may be found in table 1.
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SELECTERI' LOCATIDN? ) 17-DEC-82 w
FAA TECHNICAL CENTER» ATLANTIC CITY AIRFORTy N.J. (RUNWAY 31) 08327120
39 27 0.00N 74 35 0,000 : -
FRUNWAY HEARING (W/RESFPECT TO MAGNETIC NORTH) IN DREGREESt 309,10
MAGNETIC VARIATION ({TRUE NORTH) -~ {MAGNETIC NORTH>) IN DEGREES! -1,10
ESTIMATEI' ATHOSFHERIC NOJISE (dB AROVE 1 wv/n)t _ 56.00
GRI1 NORTHEAST 39940 GROUND WAVE FIELD STRENGTH & SHR
. (dB AROVE 1 uv/a)
. EMISSION RAD. NOM. SEAWATER FOOR SOIL
TRANSHMITTER STATION DELAY FOWERy ECD» RIST, HIG » TOA, (5 mho/m) (1 amho/m) ECI
(LAT./LONB,) usec kW usec NM ded., usec Fs SNR FS SNR usec
MISENECH 0.00 800, 0.0 220,579 332.4 1343.6840 78. 22, 74, 20, 1.9484
42 42 S0.60N 76 49 33,840 . : ;
WICARIROU 13797.20 350, 0.0 529,006 31.4 3270.,8244 460, 4, 49, -7 1.1775
44 A8 27.,20N 67 55 37.71U )
X $NANTUCKET 2696%.93 275, 0,0 237,268 60.8 1466,9953 73, 17, 70 14, 1.90468
41 15 11.93N 69 58 3?.09W '
Y{CAROLINA REACH . 42221,65 550, 0.0 360,448 207,2 2228.5351 4%, 13, b4, 8. 1.5989
34 3 A46.04N 77 54 46,764 )
ZIDANA $7162.06 400, -0.,95 597.942 276.,4 3697.,1000 1: 2, 44, =10, 0.5051

39 51 7.54N 87 29 12.14W

DOURLE RANGE

HONITOR STATION(SAM) HIFFERENCE »
LAT/LONG) . (W/ MASTER)
o o T o o ***#**t***#x********t**t*t#*t*##tt*#*t*#*w*t***x*
. % 4
HISANNYHDOKR 0.0000 UNLESS OTHERWISE NDTEDr ALL CALCULATIONS X
40 28 17.048 74 1 3.71% . X %
WICAFE ELIZARETH 275.8646 X ASSUME A SEAUWATER FATH FOR FROPAGATION, X
43 33 54.82N 70 11 568.84UW X ) 4
X $SANDYHOOR 11.491¢9 KRR K 2 KK KK KKK AKX OK KKK 0K 4 2 8K KKK K KKK KK Kok Ko ok ok Kok &
40 28 17,040 74 1 3,71y
Y 1 SANBYHOOK -102,3986
40 20 17.,04N 74 1 3,710 ’
2 FLUMBRDOR 323.,1993
41 22 46,960 82 39 38,534
GRADIENT :
) TIME DIFFERENCE ft/usec % dedr NORMAL LOF XING RADIAL ERROR GLOF TRACKING ERROR
TRIADS usec ' IHA 2 Andle The F Ansle degvews ANGLE SHORT LONG CROSS ALONRG
THA TR (m~5) (m— L0t LOF2 ded., feet feet
H WX 15704,34 27073.24 ?98.,9 58,9 705}, 88.4 ?21.9 10646 14,7 143, 665, ?.6 142, 20,
M WY 15704.34 43086,50 998.9 58.9 SSQ.E 125,.2 ?21.,9 179.8 87.9 113, 1146, 1.7 17, 111,
M uWz 15704.34 %549%.,47 ?98,9 5B8.9 10446.5 6.0 ?1.9 214,4 122.,5 117, 213, 3.1 ?3, 121,
H Xy 27073,24 A3086,50 705.0 B88.4 553.5 12%.2 106,46 179.8 73,2 79 104, 1.5 8, 79,
H Xz 27073.24 59495.47 705.0 88.4 1046J$ 56,0 106.6 214.4 107,8 112. 150, 2.2 98, 114,
M Yz 43086 .50 59495.47 S53.5 125,2 101645 6,0 179.8 214.4 4.6 118, 270, 3.9 108, 48,

»>NDTES %= ANGLE RETWEEN MASTER AND SECORDARY 16 [LESS THAN 20 DEGREES (HEAR RASELINE EXTENSION),

***#*#***********t#******###*t#*l****t*t********#&!xﬂ!!}t#**!*ttt#txt!t*t!x:*tttw*w*awwaaaawa‘wwwwamalAJm¢¢m....‘..AA,
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>>SOFTWARE FOR LORAN-C HONPRECISION APPROACH TESTING<KK

WRITTEN EY: AKDREW P. LEONE, DREXEL CO-0OP STUDERLT
DOT/FAA TECHNICAL CENTER, ATLANTIC CITY AIRPORT, H.J.
ACT-100B.2

OCTOBER, 1982 - REVISED: 16=DEC~§2

PURPOSE: TO EVALUATE LCRAN-C PERFCRMANCE AT SELECTED
AIRPORTS. (RESULTS WILL BE BASED MCOSTLY O GECHETRIC
SOLUTIOKS. IF MEASURED TIME DELAYS(T.D.”S) ARE
KNOWH AT A POSITICIH, ERRORS DUE TO ACTUAL PROPAGATION
ERRORS CAF ALSO BE EVALUATED.)

SUBROUTINES:

GREAT~ CALULATES GREAT CIRCLE DISTANCE BLETWEEN SELECTED
SITE OR MOHWITORS AND LORAK-C TRANSHITTERS IN NAUTICAL
MILES; ALSG CALCULATES INITIAL EEADING FROM SELECTED
SITE COR MONITORS TO TRANSHMITTERS IN DECIHAL DLEGREES.

DELAY- CALCULATES TIHE DELAY(TOA) OF LORAN-C SIGHAL
FOR TRANSHMITTER TO RECEIVER IN HICROSECONDS.

GRDHFD— CALCULATES THE GROUNDWAVE FIELD STRENGTH OVER

EAWATER AND POOR SOIL IN DECIBELS(dE) AROVE
l ‘ICQOVOLT/HETEQ(uV/M) AND SIGNAL~TO-NOISE RATIO(SHR).
LTCDIF- CALCULATES TEE ENVELOPE-TO-CYCLE DIFFERENCE(ECD)
Il MICROSLCONLS.

TIHDIF— CALCULATES THE TIHE DIFFER E BETWEEN TWO STATIONS,
USUALLY BETWEEN THE MASTER AND A COJDAHL IN MICRO-
SECONDS.

GRAD~ CALCULATES THE ESTIMATES OF POSITIONAL ERROE. GRADIENT
IS IN FEET/:HICROSECCND.

DOLOP~- CALCULATE THE MORMAL TO THE LOP (LINE OF PCSITION).

DIRECTION IS IN DECIMAL DEGREES,

XANCLE- CALCULATES THE CROSSING ANGLE COF A TRIAD; I DECIMAL
DEGREES.

DRDIFF= CALCULATES THEE DOUELE RANGE DIFFERENCE BETWEEN
SELECTED SITE AND TRANSMITTERS, AIlD BETWEEN SAM s AND
TRANSHITTERS IN MAUTICAL MILES,

EFERR~ CALCULATES THUE SHORTEST AID LONGEST RADIAL FIX
ERROR(2DRIMS) Il FEET AND GDOP.

ELLIPS- CALCULATES THE ALONG TRACK AND CROSS TRACK ERRORS

i FEET.

TRIADS- FORMATS DATA PERTAINING TO TRIADS OF SECONDARY

TRANSMITTERS FORMED WITH THE MASTER,

DATA FILE
& FIL (LC<GRI> DAT) CONTAINING THE MAJOR NORTIAHERICAN
LORAN-C TRAMSMITTING CHAINS. INCLUDED IN EACH FILE:
GnI
TRANSHMITTER STATION KAMES & THEIR:
LATITUDE & LONGITULE
EMISSION DELAY (IN MICROSECONDS)
HOMINAL CODING DELAY (IN MICROSZCONDS)
RADTATED PCWER (IN KILOWATTS)
KOMINAL ECD (IN MICROSECOHDS)
MOMITOR STATION MAMES & THEIR:
ATITUDE & LOHGITULDE
ECD— CONTROLLING STANDARD
TD— CONTROLLING STANDARD
hCD— TOLERE iCE
TD- TOLERELCE

J 1’11 UJ

OO0 0000 OO0 OGO O0O000000O00000000000000000000acOo000000000c0co0no00con0ocon00aet
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ES:
ODANO EQUATICHS (AC-90-45A(FAA ADVISORY CIRCULAR),
APPE DIX J).

2. WGS-72 PARAMETERS (WILD GOOSE ASSQOCIATION).
3. NATIO VAL BUREAU OF STANDARDS CIRCULAR 573 (HBES-573);

"PHASE OF THI LOW RADICFREQUEKCY GROULD WAVE", BY JOLLER.

. '"SYSTENMS CONTROL TECHNOLOGY"/ WALT DEAN.

. U.3. COAST GUALRD;"SPECIFICATIONS OF THE TRANSHITTED

LCRAN-C SIGNAL'", COMDTINST ¥MI6562.4, JULY 1981,

"LORAN'", BY PIER CL, HcKERZIE, AID WOODWARD; SECTION 3-4,

APPENDIX Cl.

7. "GEOHETRIC DILUTION OF PRECISION(GDOP)", BY ERIC SWANSOH,
JOURNAL OF THE INSTITUTE OF NAVIGATION, VOL.25, Fo.4
WINTER 1578~79. .

8. "LORAN-C SIGHAL STABILITY STUDY: ST. LAWRENCE SEAVWAY", BY

DANIEL SLAGLE AND ROBERT WERZEIL, APPENDIX A, CG-D=39-32,

. ROBERT ERIKSON, U S. DEPT. OF TRANS.; FEDERAL AVIATION

ADHMINISTRATION TECHNICAL CEHTER, ACT-100B.2,
ATLANTIC CITY AIRPORT, N.J.

o
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PROGRAM LORAIC
C”“hON/LOC/L,n

COON /TRIDAT /i, K, TOA,EDL,TD,GDT, AL ,LOP , X4, WW, W, 1N
COHMON/TRDAT2/RS,RL,GDOP,ATE, CTE, RNWY

BYTE TRANS(16,5),NAME(72 ) mom(lé,J),QQ(13o) IRMISO) ,TIMSTR(3),
:DATSTR(10)

INTEGER IREV,Z,0,XX(5,2),YY(5,2 AXM(S 2),YYH(5,2),38(2),cCc(2)
REAL ECD(5 ),A(S 3) Y(S 3) RP(S) CDN(S) X(5,3),12(5,3) ,MKR(5),
:NECD(5),EL(3), SEPD(S) C°TD(5) T“C“(J) TID(5)

DCUBLE PRECISICH TT(Z,S),G(S),H(S),B(3),C(3),P(S),R(S),GE(S),
:TOA(5),LOP(5),%A(6) ,PHM(5) ,RE(5),HM(5) ,ED1(5),GDOP(6),
:QD“(S),RS(O,,‘L(O) AL(S) FS1(5),Fs2(5),SHR1(5),SNR2(5) ,ATE(6),
:CTE(6),GDT(5),TD(5) : - ‘
LOGICAL U,V,H(S),Ul,Vl

IREV=20 IREVISION NUMBER--FOR REFEREKCE

DATA TT/ NORTHEAS®,”T :99607,7SOUTHEAS”,”T :79807,
: “WEST COA”, ST :9940°,”GREAT L ’,’vvs:s970’,
“CAN.E.CO” &ST:S930',’CAN.W.CO','AST:5990',
: “ALASKA G” ’ULF:7960',’N. PACIF”,”IC :9$907/
HUM=0
CALL DATE(DATSTR(1))
CALL TIME(TIMSTR(1)) -
WRITE(5,30) (DATSTR(I),I=1,9),(TI®8TR(I),1=1,8)
30 FORMAT(//////////T30,9A1/730,841//)
GOTO 60
40 CONTINUE
TYPE 50
50 FORMAT(” DO YOU WISE TO USE THE SAME GRI? YES=1")
READ(5,%*)JJ
IF (JJ.EQ.1) GOTO 350C
60 DO 8G 1=1,8
YRITE(5,70)(TT(J,1),J=1,2)
5 EGR“AT(IK,ZAO)
80 CONTINUE
199 TYPE 200
200 FORMAT(” ENTER DATA FILE ,PEC.,LC<GLI> (ex: LC996C)7/)

CATT. AQQTAM(O 1 _1 “DTnin‘h -



201

202

300
301

3C5
310

w W
O WO
[Nl W ]

- IF

READ(1,EKD=201)GEI
K :_O
(GRI.EG.7960.)
(GRI.EQ.9960.) K
IF (GRI.EGQ.798G.)
IF (GRI.EG.9940.)
IF (GRI.EG.8970.)
IF (GRI.EQ.5530.)
IF (GRI.EG.559G.)
IF (UuI uq.9910 )
IF (K¥.NE.Q0) GOTO
CALL CLOSE (1)
GOTO 199
IF (KX.EQ.7.0R.XKX.EG.5) =3
IF (KK.EQ.1.COR.KK.EG,2) M=5
IF (XK.EQ.3.0R.KK.EQ.4.0R.KK.,
DO 3C0 I=1,mM
READ(1,END=301){(TRANS(J,I),
'n“AD(l,uh D=301) (%(1,X),K
READ(1,END=301)ED(I)
“EAD(I,EHD=301)HECD(I)
READ(1,ERD=301)RP(I),CDH(I)
\EnD(;,ELD=301)uKR(I)
X%(1,1)=INT(ABS(X(1I,1)))
XX(I,2)=INT(ABS(X(I,2)))
YY(1,1)=INT(4BS(Y(L,1)))
YY(1,2)=INT(ABS(Y(I,2)))
183 (d“u(I).uQ 1.0) GOTO 301
COHTINUE
CONTINUE
DO 305 I=1,MM

RE=7

Kx=1
KE=2
RK=3
KE=4

KK=5

LS
=

IF

Tree
hik=

202

=1,

READ(!,EKD=310) (108(J,I),J=

READ(1,EKND=310) (X1(1,J),J=1
READ(1, END=310)cswCD(I)
“EnD(l,uhuwalO)CHTD(I)
READ(1,END=310)TECD(I)
READ(1,EKD=310)TTD(1)
(1, 1)=INT(ABS(&2(1,1)))
XM(I,2)=INT(aBS(X8(I,2)))
YYH(T,1)=INT(ABS(Yx(I,1)))
YYH(I,2)=INT(AES(YM(I,2)))

CONTINUE

CONTINUE

CALL CLCSE (1)

IF (MKRQi) JNE.1.0) GOTO 199

!TCO CALCULATE THE FUMBER OF

!STATIONS IN SELECTED GRI

THUMEER OF STATIOCLS

EG.6OR.KK.EQ.8) =4
!READS TRANS-STATIONS
J=1,16) INAME
3), (Y(I ,X=1,3
'EdISSION DELAY
INOKINAL ECD

ILAT/LOXN

IRAD. POVER,MNOH, CODING DELAY
'MARKER FOR END OF STATIONS

!TRUNCATES ASBSOLUTE LOCATIOH
IREADS MONITOR STATIONS
1,16) INAME
»3),((1,J),J=1,3) !LAT/LCHG
1CSECD
1CSTD

!TOLLRE\CE ECD
D

ITRUNCATES ARSOLUTE LOCATIONS

DO 220 I=1,nlH
P(I)=X(1,1)+X(1,2)/60+x(1,3)/3600 {CONVERTS TRANS=~STAT
R(I)=Y(I,1)+Y(1,2)/60+¥(1,2)/3600 ILAT/LOX G TO DECIMAL

CONTIWUE :

CONTINUE

DO 355 KO=1,5
ED1(¥0)=ED(X0)
CONTINUE
D0 999 Z=1,MM
IF (Z.GT.l) GO TO &4
0 390 ¥=1,130
Q) ="%"
Wu(E)="="
CONTIKUE
IF(HUM.EQ.0) GOTC 399
QnIiE(o 395)
N..—LT("")
ONTINUE

!TOP OF FORM FOR EACI NEW
!SELECTED SITE






© 4512 WRITE(5,4313)
4313 FORMAT(//” ENTER RUNWAY HEADING (W/RESPECT TO HAGNETIC ~,
:  “NORTH)")
READ(S,4314)RHE
4314  FORHAT(F7.3)
URITE(5,4315) '
4315  FORMAT(//” ENTER MAGHETIC VARIATION (TRUE NORTH -~ HAGKETIC “,
: THORTH) )
READ(5,4316) VAR
4316  FORHAT(F7.3)
REWY=RIi+VAR
WRITE(S,4317) ,
4317  FORMAT(//” ENTER ESTIMATED ATMOSPHERIC MOISE (4B ABGVE 7,
: 7L uv/a)7)
READ(5,4318)ATNO
4318  FORMAT(F7.3)

4319  CALL DATE(DATSTR(1))
CALL TIME(TIMSTR(1)) ITIMNE REA
WRITE(5,432) (DATSTR(IIT),III=1,9)

432 FORMHAT(1X, SELECTED LCCATION:”,T80,9A1)
WRITE(6,433) (NAHE(X) ,K=1,72) ,TIHSTR

433 FORMAT(” ~,7241,780,84al1)
VRITE(6,435) (BB(K¥B),NB=1,2),3(23),U1,(CC(¥3),H88=1,2),C(3),Vi

435 FORMAT(1X,14,I3,F6.2,A1,3%,1%X,14,13,76.2,A1)
WRITE(6,%)” ~ ‘
WRITE(6,437)RH

437 FCRMAT(” RUNWAY HEADING (W/RESPECT TO MAGNETIC LORTE) IN 7,
“DEGREES: 7,T66,F6.2)
WRITE(6,438)VAR

4335 FORMAT{” MAGNETIC VARIATION ({TRUE NORTH} - {MAGHMETIC ~,
“NORTH}) IN DEGREES: ~,T66,F6.2) '
WRITE(6,439)ATHO

439 FORMAT(” ESTIMATED ATHOSPHERIC MOISE (4B ABOVE 1 uv/m): ~,T66,
F6.2)
WRITE(H,%) 7 7

440 CORTIKUE

FROI CCHPUTER FOR PRINT OUT

ok T T R L e e e R e e e S e ]
CALL GREAT(Z,B,C,G(Z),u(zZ)) 'G.C., DIST.&HEAD. ;TRANS-SITE

CALL DELAY(G(Z),TCA(Z)) ITIME DELAY
CALL GRDWFS(G(Z),RP(Z),Fsi(z),Fs2(z),SNR1(Z),5HR2(Z),ATNO)
CALL ETCDIF(G(Z),HNECD(Z),ECD(Z)) !ENVELCP TO CYCLE DIFFERENCE

toatsalontantaatonlsalontsntestsntsuly atectonluntocteslawnts nlonteuts ale ale wloafsntenlonfaate ate tsnfonts slantastantsals nloalodaafootontsnts e alaalstantontsnlonlantonts aloclonts nla afantsnlants whsola nlo ute
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869 C

WRITE(6,443)(TT(1,KK) ,B=1,2)
443  FORMAT(1X, GRI: 7,248,783, GROUND WAVE FIELD STRENGTH & SNR”)
WRITE(6,445) :
445  FORMAT(TSG, (dB ABOVE 1 uv/m)”)
URITE(G,447)
447  FORMAT(32X, EMISSION”,3X, RAD.”,3X%, NOM.”,T87, SEAWATER”,7X,
:“PCOR SOIL”)
YRITE(6,450)
450 TFORMAT(3X, TRANSMITTER STATION”,11X, DELAY, ,3X,
:“POYER, ”,2X, “ECD,”,5%, “DIST, " ,4X, HDG,” ,4X, TOA,” ,T87,
:7(5 wmho/m)”,T102,” (1 mmho/m)”,T117,7ECD")
WRITE(6,452) ’
452 FORMAT(3X,” (LAT./LCNG.)”,18X, usec”,6X, kW™ ,5X,
:“usec” ,6X, NM”,6X, deg.” ,4%, usec” ,T88,7FS”,4X,7SKR”,5X, FS7,4X%,
:“SHR,T117, usec”)
A-5



" WRITE(6,455) (W (uN) ,WN=1,130)
455 TFORMAT(1X,130(al))
URITE(6,%)” °
*****:*““Lw*x******““'x%*“‘“% o e R e L

D\TA FORMAT

ode st rteate e e dodede e doionte dole e o ok o o e e ale ol oo e oo aho b o o ala ale oo alo ot el ol ota el st ate slaate la K S ada alo ales ala ate ot aloate oo alo ale oSa
Ty KA THRRNE FekdoRsehd ~ HRERRTRFRNTRTNFTR TR Ll Rtk ikdofdeRkddd

WY RN

G NV=1,MM
(P(#V).LT.0) GO TO 460 'ASSIGNS NORTH OR SOUTH TO
="} ! LOCATION OF TRAHS=STAT
GO TO 461
460 U="8"
461 CONTINUE
IF (R(HV).LT.0) GO TO 462 !ASSIGNS WEST CR SOUTH TG
V="y" ! LOCATIOi OF TRANS-STAT
GO TO 463
462 V="E"
6 COLTINUE
WRITE(6,465) (TRANS(J,HV),J=1,16) ED(uV),AP(FV) NECD(HV),
: G(“V),u( V) ,TOA(NV) ,FS1(uY), sual(rv) FS2(HV),SHR2(KEV) ,ECD(NV)
465 EORunT(ln,l6nl SA,F8.2,3X,F5.O,F6.1,2X,F9.3,F7.l,2X,F9.4,
: T88,F3.0,792,F5.0,T102,F3.0,T106,F5.0,T115,F7.4)
hRITf(o 467)(“"(NV,K ,K=1,2),X(8v,3),U, (YY(¥V,K) ,k=1,2),Y(1v,3),
: vV
457 TOPhAT(lA,I4,IB,F6.2,Al,I4,IB,F6.2,Al)
470 CONTINU
WRITE(S, *)’ ‘
WRITE(6,%)” ~

3 = ats ) s o ule uls '.“A 22 s atmatants ale s ands .
deddokdoRdoiokieloR e Rl d e R R R A Sl ke ke ek

C %
C HEADER (MONITOR STATIONS
C sy R R R R R R 2 R AR R T L B LU A L AU IS
WRITE(6,495)
495 FORHAT(T4O “DOUBLE RANGE”)
YRITE(6,500) :
500 FOAHAT(3X,’HONITOR STATION(SAM)”,T40, "DIFFERENCE,”)
WRITE(6,505) '
505 FORLAT(3' “(LAT/LONG) “ ,T40,” (W/ MASTER)”)
WRITE(G, 510)(tnw M), NN=1, 55) (QQ(un) ,un=1 49)
510 -.AT(l ,55(A1),T75, 49A1) e e s e e
wRITE(6,511)(QQ(HN) NN=1,2)
511 FORMAT(T75,41,T123,A1)
DO 513 2= l,.u
DO 512 ¥L=1,3
PL(E L)—XH(&,&L)
RM(KL)=Y1(Z,KL)

51 COMTINUE

Jededevedode dedede B e dede Rk de ke devese dede e b de e e de e e dedede el

L GREAT(Z,PM,RM,Gi(Z),HH(Z)) 1G.C. DIST.,;TRANS-5Al

2 ol atsots, Ja alsatnobe aleuls alentsslects ale ts wle ntsale taulsateats e 'o 22 tamtoatenlonlsal
o o T g AL e e g b S R O R L T A L ey w

ats ta. 2 ala nde als ut wlotastsnteuts atentsutsnta
O R b b a ]
A
.t
»-¢ tanteals als ufo ataatantlsata. fr o J— wlaateals als.
Csdedeie z"AAAAnx eRFd TR AR

513 CONTIKUE

Cededededededededodedede dedede dedededededotedededoloelitokodieiok okt Rkt ikl ook i R R e R ek Rk R R R Sk K ek
CALL DRDIFF(}M,G,GH,RDD {DOULLE RANGE DIFFERENCE
P R R e S S R ] %“f*-“-‘ e A e L e L i kit A et e T e T R T e
C MITOR DATA FORMAT
CRFRRFTNRRNRBARBVTRNRINRBTRRRRRIRRAT TR TR RRRRRRTRRTR et L R R e e e

DO 550 Hy= .
IF (Au(\v 1) LT.0) GOTO 520 TASSIGKNS NORTH OR SOUTH -
U="4" ILOCATION OF MOMITOR
GOTO 525 )

520 U="8"

525 COHTINUE
IF (YH(EV,1).LT.Q0) GOTO 530 1ASSIGHS WEST OR EAST TO
v="u" 'LCCATION OF MONITOR
GOTO 535 A-6



530 v="E"

535 CONTINUE
IF (BV.EQ.1) GOTC 537
IF (NV.EQ.2) GOTC 538

IF (8V.EQ.3) GOTO 539
536 WRITZ(6,540) (20K(J,uHV) ,J=1,16) ,RDD(XV)

GOTO 542

537 WRITE(6,541) (HON(J,lV),J=1,16) ,RDD(1IV)
GOTO 543

538 WRITE(6,5411) (M08 (J,nv),J=1,16) ,RDD(1V)
GOTO 543

539 WRITE(6,5412) (301 (J,HV),J=1,16) ,RDD(HEV), (CQ(ER) ,NN=1,49)

540 FORMAT(1X,16A1,T42,F5.4)

541 FORMAT(1X,16A1,T42,F9.4,T75,”* UNLESS OTHERWISE NOTED, ~,
:  “ALL CALCULATIONS *7)

5411  FORMAT(1X,16A1,T42,F9.4,T75,7* ASSUME A SEAWATER PATH FOR”,
:  “ PROPAGATION. *7) '

5412  FORMAT(1X,16A1,T42,F9.4,T75,49A1)

542 WRITE(6,545) (XXn(HV,K) ,K=1,2) ,K24(8V,3),U, (Y (EV,K) ,K=1,2),
: YH(EV,3),V .

GOTO 549

543 URITE(6,546) (XX(HV,K) ,K=1,2) ,X(NV,3),U, (YYH(EV,K) ,K=1,2),
T YH(EY,3),V, (GQ(EN) ,HN=1,2)

545 FORMAT(IX,I14,13,F6.2,A1,14,13,F6.2,A1)

546 FORMAT(1X,14,13,F5.2,A1,14,13,F6.2,A1,T75,A1,T123,41)

54 CONTINUE :

550 CONTIEUE
WRITE(G,*)” 7

URITE(6,*)” 7

o)
CHhaRdns :‘:#:7."**:’::‘:7’:**:’:**-.':*:’:-‘::‘k**7‘:1‘:7‘::’:‘.‘:*****#7’:7’:*#-.'.--.'::‘.--k-k:\-#*v’:***:’n’:***z‘n‘:-}: wedkwd
CALL GRAD(H,GDT,AL,MW,¥) . 'GRADIENTS
CALL DOLOP(H,LCP,HW) !NORM TO LOP(LINE OF POSITICH)
- CALL TIMDIF(TOA,EDL,TD,i¥W) !TIME DIFFERENCE

CALL XANGLE(LOP,XA,MW,KK,NN,MN)  !CROSSING ANGLE

AT T e I T
MW=L

CALL RFERR(XA,I,MW,NN,RS,RL,GDOP) !RADIAL ERRORS(SHORT & LOHG)
CALL ELLIPS(MW,NN,H,RNWY,ATE,CTE) !TRACKIKG ERRORS(ALONG & CROSS)
CALL TRIADS !TRIADS FORMATTED

B R L e e e e S e oy
WRITE(5,600)

600 FORMAT(//1X, CCNTIHUE?(YES=9G)")
READ(5,610)0

610 FORMAT(I2)
WRITE (6,520)(GG(NE),NE=1,127),IREV
620 FORMAT(1X,127(al),13)
RUL=RUM+1
IF (0.EG.99) GO TO 40
CALL DATE(DATSTE(1))
CALL TIME(TIHSTR(1))
WRITE(S5,630)(DATSTR(I),I=1,9),(TIHSTR(I),I=1,
630 FORMAT(/////1/17]1T30,941//T30,8A1//7/11111111)
CALL EXIT
END

5)

A-7



SUBROUTINE GREAT(TS,B,C,GCD,IDG)

o
*

B b kT b b D L R R
SUBROUTINE GREAT CALCULATES THE GREAT CIRCLE DISTANCE

BETWEEH A SELECTED SITE OR MCNITOR AND A TRANSMITTER, AKRD ALSO
THE INITIAL EEADING FROM THE SELECTED SITE TO THE TRANSMITTER

OR HMONITOR. '

5= LATITUDE OF SELECTED SITE CR MONITOR STATIONS.

C= LONGITUDE OF SELECTED SITE OR MONITOR STATIOiS.

P= LATITUDE OF TRANSHITTER STATIONS.

R= LONGITUDE CF TRANSHITTER STATIOQNS.

GCD= THE GREAT CIRCLE DISTANCE BETWEEN THE SELECTED SITE
AND THE LCRAN-C TRANSHITTER OR MOWITOR STATION SELECTED IN
KAUTICAL MILES.

EDG(A12)= IS THE AZIMUTH (GREAT CIRCLE) FROIM THE SELECTED
POIRT TO THE LORAN-C TRANSMITTER OR MONITOR STATION LOCATION;
2.g. INITIAL HEADING FROM SELECTED SITE TO TRANSHITTER.

A21= THE AZIMUTH OF GEODESIC FROM THE TRANSHMITTER CR HONITOR
STATION TO THE SELECTED SITE.

TS= STATION NUMBER

THIS SUBROUTIKE USES THE SODAKO EQUATIONS AS DESCRIBED IN -
AC-90~-45A(APPERDIX J) WITH WGS-72 PARAMETERS:
F=3.3528E-3
AZ=3443.917387(SEMIMAJOR AXIS OF THE EARTH)

[eNeNsNeoNsNeoNoNoNoNesNoNeoNeNoNsNeoNoNoNesNeoNeRsRe NN RS I

R A R RN A A A RN T R R RN N RN BN A BN R TR AT RN TR IR dedede RS Tl dededo s e dode e ket dedededode e
AT ™T
INTEGER TS

G
COMMON/LCC/P,R
DOUBLE PRECISION B1,L1,B2,L2,BEl,BE2,LP,L,LR,PK,Q,AL,M,GR,S],SS,
:8T,S,%,H4,L8,L4,81,A12,421,LD,LC,V,GCD,lDG,A,HR,X1,PI,AX,F,
:5(3),C(3),P(5),R(5) .
PI=3.141592653600C0
AX=3443.91738700000 ISEMIMAJOR AXIS CF THE FARTH
F=3,3523D-3
R e e R L O e S L e e
Bl & L1 IS THE PRESEWT POSITION(LAT/LONG) OF THE
SITE EKTERED CR THE LORAN-C MONITOR STATION(SA!) CHO
AND CONVERTED FROM DEG MIN SEC TO DEGREES.
- B2 & L2 IS THE POSITION(LAT/LONG) OF THE LORAN-C TRANSMITTER
STATION CHOSEN CONVERTED FROM DEG MIN SEC TO DEGREES.
o e O R R e o o R R T L T St
Bl=(B(1)+B(2)/60+5(3)/3600) !LAT OF SITE OR HON.(DEGREES)
B1=B1*PI/180 ILAT OF SITE OR 1ON.(RADIANS)
L1=C(1)+C(2)/60+C(3)/3600 ILONG OF SITE OR MOMN.(DEGREES)
B2=(P(TS))*PI1/180 !LAT OF TRANSMITTER(RADIANS)
L2=R(TS) !LONG OF TRANSMITTER(DEGREES)
HNRFRIXRLNNFNTdeRekdedohdoRdededoledo hdedtiede ko kdedodede oo kdododededodede e dokhdodidedekde vk ko hdewke ke
SODAKNO EQUATIONS
*%¥NOTE: DEGREES ARE CONVERTED TO RADIANS FOR COMPUTATION
OF TRIG. FUNCTIONS

dedeededRdeR ek ddd
SELECTED
SE

N

*
1y

i

OO0

OO0

o nte alaste ata ala o),
WRBRRRIWRBRIWRIRBRRRIRRIBVBRERRRNBRRVINRNNN%

BE1=DATAN((1-F)*(DSIN(B1)/DCOS(B1)))
RE2=DATAN((1~-F)*(DSIM(R2)/DCOS(B2)))
A=DSIN(EE1)*DSIN(BE2)
LP=L1-L2 IDIFF. IN LONG.(TDEGREES)
IF (DABS(LP).GT.180.0) GOTO 20
L=LP
GOTO 40

20 L=LP+(360%(DABS(LP))/LP)

40 CONTINUE -
LR=L*PI/180C IDIFF. IN LONG.(RADIANS)
PH=(DSIN(BE1)*DSIN(BE2))+(DCOS(%F%?*DCOS(BEZ)*DCOS(LR))



(=(DSIN(BE2)*DCOS(BE1)-DSIN(BEL)*DCCS(BE2)*DLCOS(LR) ) **2
AL=DSGRT((DSIN(LR))#*2*(DCOS(BE2) )*%2+Q)
¥=(AL**2-(DSIN(LR) }**2%(DCOS(REL) ) **2*(DCCS(RE2) *¥%2) ) /AL*%2
GR=DATAK(AL/PH)
S1=GR+{F**2+F) [ 2% (GR*(2~M) +AL* ( 2*A-M*PH))
S8=0%GR** 2% (}i=1)*(A+AL*(DCOS(GR) /DSIN(GR)))
ST=SS+AL**2%PH*( 8*A%* (M*PH-A) +( 1=2%PH**2))
S1=S1+F%*2/(16*%AL)*(ST+AL*GR)
S=(1-F)*AZ*S1 !GREAT CIRCLE DISTANCE
K1=GR¥*(F+F¥%2) =A*F#%2/ (2%AL) * (AL**242%GR%*2)
X=X1+M*F¥**2 /4% (AL¥PH-5%GE+4*GR*% 2% (DCOS(GR) /DSIN(GR)))
HE=(DSIN(L)*DCOS(EE1)*DCCS(BE2) /AL)*Z+LR
LBE=DSIN(BE2)*DCOS(RE1)~-CCOS(HR)*DSIN(BEL)*DCOS(EE2)
LA=DSIN(HR)*DCOS(BE2)
IF ((DATAN(LA/LB)*180/PI1).,LT.0) GOTO 60
SI=DATAN(LA/LB)*180/PI
GOTO §0
60 SI=DATAH(LA/LB)*18C/PI+180
3C CONTINUE
IF (L.LT.0) GOTO 100
Al2=ST
GOTO 120
100 A12=SI+180
120 CONTINUE
LD=DSIN(BE2)*DCOS(BELl)*DCOS(HR)~-DSIN(BEL1)*DCOS(EE2)
LC=DSIN(HR)*DCOS(BEL)
IF ((DATAR(LC/LD)*180/PI).LT.0) GOTO 140
V=DATAN(LC/LD)*180/PI
GOTO 160
140 V=180+DATAN(LC/LD)*180/P1
160 CONTINUE
IF (L.GT.0) GOTO 180
A21=V
.. GOTO 200
180 A21=V+180
200 CONTINUE
GCD=$
EDG=412 'INITIAL HEADING; SITE TO TRANSMITTER
RETURN
EKD

A-9



SUBROUTINE DELAY(R,TOA)

C
C*.-k e R ok kb g g o g R kR kB R B g e T S L LA L o
C SUBEROUTINE DELAY CALCULATES THE TIME DELAY OF THE LORAN~C

C SIGHAL FOR A TRANSMITTER TO RECEIVER TRANSMISSION,

C TEE SOURCE OF THIS EGUATION IS FIGURE 3 IN NBS=573 DOCUMENT

C (FOR SEAWATER). .

C EQUATION IS A 5TH ORDER POLYNOMIAL DEVELOPED BY TASC.

C

C R= RANGE IN NAUTICAL HILES

C li= REFRACTIVE INDEX

C VL= VELCCITY OF LIGHT IN NM/usec

C TCA= TIME DELAY OF LORAN-C SIGNAL FOR TRAKSMITTER TO RECEIVER
C~“:‘:=‘.~~.‘:~k~.‘<~.‘:7‘:******************“ o o S R R R kR Ve e e o e R e R T

REAL K
DOUBLE PRECISION TOA,R,VL,T,A,B,C,D,E,Q,W
DATA N/1.000338
VL=,161874977300000
IF (R.GT.8.7.AHND.R.LE.86,9) GO TO 20
IF¥ (R.GT7.86.9.AND,R.LT.1303.0) GO TO 40
IF (R.LE.7.83.CR.R.GE.1303.0) GO TO 60
20 A=0,107109D3 !FOR 8.7 < RANGE <= §6.9
B==0.104%986D1
¢=0.415597D~1
D=0.625429D~4
E=0.333305D-6
GO TO 380
40 A=-0.966953D5 'FOR 86.9 < RANGE < 1303.0
B=0.394614D3
C=-0.594986D0
D=0.683632D-3
E=-0.228463D-8
GO TO §&C
60 WRITE(5,70)R 1FOR RANGE <= 8.7 OR RANGE => 1303.0;
WRITE(6,70)R IERROR: CAN’“T BE CALCULATED
70 FORMAT(1X,”TIME DELAY CAN WOT BE CALULATED WITH GIVEN RANGE:"/,
) :15X,F10.4/)
e TOA=0.0000 -
GO TO 100
80 CONTINUE
T=6.1797777*R
TOA=N/VL*R+A/T*%2+B/T+C+D*T+E*T**2
106 CONTIKUE
RETURN
EXD
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SUBROUTIKE GRDWFS(R,RP,FS1,FS2,SNR1,SNR2,ATHO)
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SUBROUTINE GRDWFS CALCULATES THE GROUNDWAVE FIELD STRENGTH
OVER SEAWATER IN dB ABOVE 1 HICROVOLT/METER.

THE SCURCE OF THIS EQUATICH(SEAWATER) IS FROM "SYSTEMS CONTROL
TECHEKOLOGY"/ BY VALT DEAN.

R= RANGE IN NAUTICAL MILES

= PEAX RADIATED POWER OF TRANSMITTER IE KILOWATTS

Sl= GROUNDWAVE FIELD STRENGTH dB AROVE 1 uV/METER(SEAVATER)
FS2= GROUNDWAVE FIELD STRENGTH dE ABOVE 1 uV/METER(POOR SOIL)
ATHO= ESTIMATED ATMCSPHERIC HOISE

SHR1= SIGHAL-TO-NOISE RATIO(SEAWATER)

SNR2= SIGNAL-TO-HOISE RATIC(POOR SOIL)

fonlente ol shaots o nle ale ala e aloale ale ks ot fonte afoate s e ate sl ol alo aloatant oo atantaatante tealente e ate alo alaata e nfanta afo st nte als ol ate ala ata olo oo 4 oJon
Vewe Ve R kRSele R defekdede ook Rtk del R Rk kdok Rokdekeoldiiokdkolokkdodeok el dekeidoleiedodoke S kel ok ek

DOUELE PRECISION R,FS1,FS2,A0,SNR1,SNR2,A(7)
A0=104.0+10%*DLOG10O(RP)=6.0 1-6.0 dB TO MAKE FIELD STRENGTH
IF (R.LT.150.0) GOTO 10 IAT 3RD CYCLE, LOT PEAK.

IF (R.GE.150.0.AND.R.LE.450.0) GOTO 20

IF (R.GT.450.0) GOTO 30

OO0OO0OO0O0O0O0O000ac o000 0n

bd
%
%
ES

WRITE(5,5)R
5 FORMAT(/” ERROR I} GIVEN RANGE:"/6X,F9.4/)

10 FS1=A0-20*CLOG10(R) IRANGE < 150 N.i.
GOTO 40

20 FS1=A0-2C*DLOG10(R)-0.024*(R~150.0) 1150 <= RANGE <= 430
GOTO 40 :

30 F81=A0-60~-0.04%(R~450,0) 1450 W.M. < RAHNGE

40 CONTINUE
A(1)=93.25469556205636 1112.65788228;
A(2)=-.645430294 'A(1) TERM FOR 6TH ORDER POLYH'L
A(3)=.,00391649001 !IN WGA DOCUMENT, POWER=400kW

A(4)==1,266493350C0D-5

A(5)=2.07557395C00D=8

4(6)==1.65834993000D~11

A(7)=5.12575970000D~-15 ' ) 3
FS2=A(7)*R¥*¥*6+A (6 ) *R¥*5+A(5) *R*¥¥*4+A(4) ¥R*¥*3+A(3) ¥R¥*2
FS2=FS2+4(2) *R+A(1)+(10*DLOG10(RP))

SKR1I=FS1-ATHO

SNR2=FS2-ATNO

RETURN ’

EED
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SUBROUTINE ETCDIF(R,NECD,ECD)

Fodekdededefededehveddevedeede R R ehdedehe Tk dokdododedehdedsdedohdede R hdohRdedododedodededeTede e dedededededele e
EROUTINE ETCDIF CALCULATES THE ENVELCPE-TO-CYCLE DIFFEREKCE.
SOURCE: USCG, SPECIFICATION OF THE TRANSMITTED LORAN-C
SIGHAL, COMDTINST MI6362.4, JULY 1981,

NOTE: FURTHER CHECKING IS NECESSARY TO DETERMINE IF THE
2.5 usec CONSTANT SHIFT IS WITH RESPECT TO THE ANTENRKA
CURRENT OR THE FAR FIELD WAVE FORM.

= RANGE IN NAUTICAL HILES
NECD= NCMINAL ECD OF TRANSMITTING STATION
ECD= ECD OF TRANSMITTING STATIOR

R T T T T o

*
b
3t
*
3

00000 acacn0acnoaan

REAL NECD
DOUBLE PRECISICN ECD,R
ECD=2,5-(0.0025%R)+NECD
RETURM

ELD
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BROUTINE DRDIFF(I,G,GM,RDD)

N
R B T T e E

SUBROUTINE DRDIFF CALULATES THE DOUBLE RANGE DIFFERENCE
WEEN SELECTED SITE AND TRANSMITTER STATIONS, AND TRANSHMITTER

STATIONS AND MONITOR STATIONS (SAM7s).

VEE

S0U

cHRNwR

DOU
DO
R
con
RDD

DOUSLE RANWGE DIFF.= {[G(H)-G(1)I-[GH(¥)-GM(1)]}
RE:
G(X¥)= GREAT CIRCLE DIFFERENCE FROM N th SECONDARY TO USER.
G(1)= GREAT CIRCLE DIFFERENCE FROM MASTER TO USER.
GM(X)= GREAT CIRCLE DIFFERENCE FROM N th. SECONDARY TO SAbi.
Gii(1)= GREAT CIRCLE DIFFEREKCE FROM MASTER TO SAl
RDD= DOUBLE RANGE DIFFERENCE.
= WUMBER OF STATIONS.

RCE: EQUATION PER TASC REPGRT.

D e R R e o o i e e e S
BLE PRECISION G(5),GM(5),RDD(5)

10 N=2,1

DD(:)=(( X)) =-G(1))=(Gr(N)-GM(1)))

TINUE

(1)=0.0

RETURHN

END






SUBROUTINE GRAD(HDG,GDT,AL,MM,W)

C
C*k**w********-.":-.':*****************‘k*:’:************7’:**f:*******************
C SUDROUTINE GRAD CALCULATES THE ESTIMATES OF POSITIONAL ERROR

C IN ft/usec.

C

C GRADIENT = K*csc(1/2%SI)

C

o SI= THE ANGLE BETWEEN TEE DIRECTIONS FRON THE POINT TO

C THE TWO LORAN-C STATIOXNS.

o X= A CONSTANT MECESSARY TO CONVERT THE EXPRESSION TO THE

o PROPER UNITS. THE CONSTANT IS EQUAL TO 1/2 THE SIGNAL

o PROPAGATION. IF X EQUALS 1 THE RESULT IS IN HICROSECONDS.

C VALUES OF K (ft/usec):

o FREE SPACE 491.62

o SEA WATER 491 .45

o AVERAGE GROUND 491,22

C FROZEN GROUND 491.17

o

C GDT= GRADIENT

o HDG= INITIAL HEADING FROM SELECTED SITE TO TRANSHMITTER.

o AL= ANGLE BETVWEEN MAIN AND SECONDARY

C M= NUMBER OF STATIONS.

o W= POSSIBLE ERRCR IN CALCULATION; INDICATOR FCR FORMATTING.

o

C SOURCE: LCRAN; BY PIERCE,McKENZIE,WOODWARD; SECTION 3-4,

C APPENDIX Cl.
C‘.’:******:’:*:‘:-.’:-.':-.’:-k*s':-k*}“:-k*:‘.‘-.’:-.‘:-i.‘-,’:*7’::‘:;‘.‘7‘:‘.’:**‘.‘:**********************‘.’:7’:**********

DOUBLE PRECISION HDG(5),GDT(5),AL(5),SI
LOGICAL W(5)
DC 10 H=2,MM
AL(1)=DABS(EDG(1)-HDG(M))
IF (AL(K).GT.180.0) AL(K)=360.0-AL(K)
SI=AL(N)*%3.1415926536/180
w(N)=" -
IF (AL(X¥).LT.20.0) W(H)=
. GDT(¥)=491.45%(1/DSIN(.5%SI))
10 CONTINUE
RETURH
END

s a.
w
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SUBROUTINE DOLOP(HDG,LOP,HMH)
C
Cdeddededededoddododedededesedodededododododededode dedodededode dode e dodedete dedededededo e dededededo dede R e de e et dededede dede e %
SUBROUTINE DOLOP CALCULATES THE NORMAL TO THE LOP (LINE OF
POSITION). .
FROM THE ABOVE SOURCE AN LOP IS FORMED AT 1/2 THE GEODESIC
ANCLE BETWEEN THE TWO STATIONS OF INTEREST WITH THE VERTEX
AT THE SELECTED POSITION. TEE TECENIQUE DCES KOT INCLUDE
ThE EFFECTS OF DIFFERENT PROPAGATION DELAYS FOR EACH
TRAHSHITTER TO RECEIVER PATH, ONE WOULD EXPECT THE LOP”S
TO SEIFT PARALLEL TO THOSE OBTAINED USING CONSTANT PROPAGATION
DELAYS EXCEPT IN AREAS OF LARGE GRADIENTS.
%% NO STUDY WILL BE CONDUCTED AT PRESENT TO OBTAIN ERROR BOUNLS.

NORMAL TO LOP= DIRECTION OF LCP + OR - 90 DEGREES, SIGHK IS
REQUIRED TO POINT VECTOR IN DIRECTION OF SECONDARY OR
THCREASING TIME DELAY”S.

* TRIG. IDENTITY: Sin(180-a)=Sin(a), THEREFORE EITHER CLOCKWISE
OR COUNTER CLOCKWISE ANGLE BETWEEN MASTER AND SECONDARY YIELDS
THE SAME RESULT,

HDG= INITIAL HEADING FROM SELECTED SITE TO TRANSMITTER.
LOP= LINE OF POSITION,
iM= NUMBER OF STATIONS.

SOURCE: "GEOMETRIC DILUTIONS OF PRECISION", BY ERIC SWANSON,
JOUENAL OF THE INSTITUTDE OF NAVIGATION, VOL.25, No.4
WINTER 1678-79. '

OO0 0000000000000 00O0O00n0n

R e s o e e
DOUBLE PRECISION HDG(5),LOP(5)
DO 10 H=2,MM
LOP(N)—PDG(I) ((HDG(1)-HDG(K))/2)
IF (#DG(1).LT.HDG(N)) LOP(x)=LOP(N)+90.0
IF (HDG(1).GT.HDG(¥)) LOP(N)=LOP(})=90.0
IF (LOP(K).GT.360.0) LOP(N)=LOP(H)=-360.0
10 CONTINUE
RETURN
END

*
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v SUBROUTIKE RFERR(XA,HDG,:,NN,RES,REL,GDOP)
C
R
C SUEROUTIKE RFERR CALCULATES THE RADIAL FIX{ ERROR FOR BOTII
C TiHE SI:ORTEST AKD LCNGEST DISTANCE IN FEET.
c
C SOURCES:
C "GECMETRIC DILUTION OF PRECISION(GDOP)," BY ERIC SWAISOW,
C (EQUATION 10), JOURNAL OF THE INSTITUTE OF WAVIGATION,
C VOL. 25, NO. &, WINTER 1978-79.
C "LORAN", BY PIERCE, McKENZIE, AND WOODWARD; SECTION 3-4,
C APPEKDIX Cl.
C
C RES= RADIAL FIX ERROR (2DRNMS); SEORTEST DISTANCE
C REL= RADIAL FIX ERROR (2DRMS); LONGEST DISTANCE
C GDOP= GEOMETRIC DILUTION OF PRECISION
C ZA= CROSSING ANGLE
C XB= ACUTE CRCSSING AKGLE
C HDG= INITIAL HEADING
C SIG= STANDARD DEVIATION Il T.D. MEASUREHENT
C S=  SCALE FACTOR .
C A=  ANGLE BETWEEN MASTER AND SECONDARY 1;CONVERTED TC RADIANS
C B=  ANGLE BETWEEN MASTER AND SECONDARY 2;CONVERTED TO RADIANS
C MM= HUMBER OF STATIONS
C Iiti= NUMBER COF TRIADS
o
Ot A A R R A A A e i A e S A A AR E A A A Tl b
DOUBLE PRECISION XA(6),XB(6),HA(5),HDG(5),A,5,RES(6),REL(6),
:SUE1,SUB2,P1,SUB21,GDOP(6)
PI=3,1415926536
S1G=,1
5=4G1.,45

DO 5 L=1,KW
IF (XA(L).LT.90.0) GOTO 3 :
XB(L)=180.0~%A(L) 1CROSSING ANGLE MUST BE ACUTE
- GOTO &4 : )
3 XB(L)=xa(L)
4 CONTIXUE
IF (HN.EGQ.3) X3(4)=XB(3)
5 CONTINUE
DO 10 K=2,MM
HA(K)=DARS(EDG(1)-EDG(X)) 'ANGLE BETY MASTER & SECONDARY
IF (HA(X®).GT.120.0) HA(M)=360.C-1A(N)
10 COLTINUE
L0 20 J=2,4

I=J-1

M=J+1 -

A=HA(2)*P1/180.0

B=HA(II)*PI/18C.0 ,
SUBL=1/(DSIN(B/2))**2+1/(DSTIN(A/2))**2
SUB1=SUZ1-2*DCCS(X3(I1)*P1/180.0)/(DSIN(B/2)*DSIN(A/2))
RES(I)=SIG*3/DSIN(XR(I)*PI/18CG.0)*DSQRT(SUZ1) !RAD.ERR,(SHCRT)
SUE2=1/(DSIN(R/2))*%2+1/(DSIK(A/2))%*2
SUB2=SUB2+2%DCOS(XB(I)*PI/130.0)/(DSIN(A/2)*DSIN(B/2))
REL(I)=SIG*S/DSIN(XR(I)*PI/180.0)*DSQRT(SUB2) !RAD.ERR.(LOLG)

GDOP(I)=1.0/(DSGRT(2.0)*DSIN(XB(I)*PI/180.0))*DSGRT(SURZ)
IF (I.EQ.NN.AI'D.NN.EG.1) GOTO 40
IF (I.EQ.(EN=-1)) GOTG 25
20 CONTINUE
25 DO 30 I=4,5
A=HA(3)*PI/150.0
B=HA(I)*PI/18C.0
SU31=1/(DSIN(B/2))**2+l/(DS§ESﬁ¥2))**2






SUBROUTINE ELLIPS(M,NN,H,RNWY,ATE,CTE)
e dede dededede dele v de s e e e e S de e e e e e e e oo e e e e e e e e e e e e e e e S ok e e e de e o o e e e
SUBROUTINE ELLIPS CALCULATES ALONG AND CROSS TRACK ERRORS
IN FEET.

SOURCE: "LORAN-C SIGNAL STABILITY STUDY: ST. LAWRENCE SEAWAY",
BY DARIEL SLAGLE AND ROBERT WENZEL, APPENDIX A, CG-D-39-82,

V= SPEED OF SIGHNAL
DELTA= DELTA TIME DIFFERENCE
ATE= ALONG TRACK ERROR
CTE= CR0OSS TRACK ERROR
DOUBLE PRECISION H(5),Al1,A12,A21,A22,A111,AT12,A121,A122,D,
:XTD1,XTD2;ATE(6),CTE(6),PI
PI=3.141592653589793
V=983.,24
DELTA=,1
DO 10 J=2,4
I=J-1
MH=J+1
All=DSTN(H(2)*P1/180.0)-DSIN(H(1)*PI/180.0)
Al2=DCOS(H(2)*PI/180.0)-DCOS(H(1)*PI/180.0)
A21=DSIN(H(M)*PI/180.0)-DSIN(H(1)*PI/160.0)
A22=DCOS(H({)*PI/180.0)-DCOS(H(1)*PI/180.0)
D=(A11%A22)-(A12*A21)
AIll1=A22/D
AIl2=-A12/D
AI21=-A21/D
AI22=A11/D '
XTD1=-V*((AI11*DELTA)+(AI12*DELTA))
XTD2=-V*((AI21*DELTA)+(AI22*DELTA))
ATE(I)=(DSIN(RNWY*PI/180.0)*XTD1)+(DCOS(RNWY*PI/180.0)*XTD2)
CTE(I)=(-DCOS(RNWY*PI/180.,0)*XTD1)+(DSIN(RNWY*PI/130.0)*XTD2)
IF (I.EQ.NN.AND.NN.EG.1l) GOTO 30
IF (I.EQ.(NN-1)) GOTO 15
10 CONTINUE
15 DO 20 I=4,5
Al1=DSIN(H(3)%PI/180.0)-DSIN(H(1)*PI/180.0)
A12=DCOS(H(3)*P1/180.0)-DCOS(H(1)*P1/180.0)
A21=DSIN(H(I)*PI/180.0)-DSIN(H(1)*PI1/180.0)
A22=DCOS(H(I)*PI/180.0)-DCOS(H(1)*PI/180.0)
D=(Al1%A22)~(A12%A2]) ‘
AIl1=A22/D
AT12=-A12/D
AI21=-A21/D
AI22=A11/D
XTD1==V*((AI11*DELTA)+(AI12*DELTA))
XTD2=-=-V*((AI21*%DELTA)+(ALI22%DELTA))
ATE(I)=(DSIN(RNWY*PI/180.0)*XTD1)+(DCOS(RNWY*PI/180,0)*XTD2)
CTE(I)=(-DCOS(RNWY*PI/180.0)*XTD1)+(DSIN(RNWY*PI/180.,0)*XTD2)
IF (I.EQ.(¥N+1)) GOTO 30
20 CCHTINUE
© All=DSIN(H(4)*PI/180.0)-DSIN(H(1)*PI/180.0)
A12=DCOS(H(4)*P1/180.0)-DCCS(H(1)*PI/180.0)
A21=DSIN(E(5)*PI/180.0)-DSIN(H(1)*PI/180.0)
A22=DCOS(H(5)*PI/180.0)-DCOS(H(1)*PI/180.0)
D=(Al11*A22)-(A12%A21)
AI11=A22/D
AIl12=-412/D
AI21=-A21/D
AT22=A11/D
XTD1=-V*((AI11*DELTA)+(AI12*DERTA))

'OOOOOOOOOO
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SUBKOUTIWLE TRIADS

SUZROUTINE TRIADS FORMATS ALL DATA CCHMECTED WITH THE TRIADS
OF THE MASTER TRAKSMITTER AND ITS SECONDARY TRANSHITTERS.

TOoA= TIME DELAY

LD= EHISSICH DELAY

GDT= GRADIENTS

AL= ANGLE BETVWEEN MASTER AND SECONDARY
LCP= LINE OF PCSITICH

TD= TIME DIFFEREKCE

ZA= CRCOSSING ANGLE

R5= RADIAL ERRCOEK; SHORTEST DISTANCE
EL= RADIAL ERROR; LONGEST DISTAZXCE

thi= NUMBER OF STATICNS

MBER OF TRIADS

1= FORHNAT OF TRIADS

ii= POSSIBLE ERROR IN A CALCULATED GRADIERT

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

COMMOL/TRIDAT/ M, ¥, TOA, ED, TD,GDT AL ,LOP, XA, Wi, W, 1N
COMMON/TRDAT2/RS,RL,GDOP,ATE,CTE
REAL*S 22(13),4A(6)
DOUBLE PRECISION TD(S),TOA(5),ED(5),GDT(5),LOP(5),XA(68),
:kS(6),RL(6),AL(5),GD0oP(6),ATE(6),CTE(6)
LOGICAL W(5)
BYTE #WW(130)
DATA ZZ/°H WX7,"M WY ,"M WZ7,’M XY ,’M X27,"M YZ7,
$°M OWXT,M WYT, M XYT,'M XY7,’M XZ°,°M YZ°,°u XY°/
IF (MN.EQ.1) GOTO 2
IF (#N.EQ.2) GOTC 4
IF (MN.EQ.3) GOTO 6
IF (MN.EG.4) GOTO §
Do 3 J=1,6
AA(J)=22(J)
CONTINUE
GOTO 10
Do 5 J=1,3
K=J+6
AA(T)=2Z2(K)
CONTINUE
GOTO 10
DO 7 J=1,3
K=J+9
AA(T)=ZZ(K
CONTINUE
GOTO 10
AA(1)=22(13)
CONTINUE
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HEADER FORHMAT

e ahoatsatonle aloaloatontantenteatuats ate leatontsclaatesloatsaloals nle alo alelsals alo anls aln alents ala wls alanl Yo ula
WRRREKN R o g S A S S TWRWREREX WRARFERX

WRITE(6,25)
FORMAT(T38,G R ADI E N T7)
URITE(6,30)
FORMAT(11%, TIME DIFFERENCE”,T42, ft/usec”,T60,
: “HORMAL LOP”7,3X, XING”,4X, RADIAL ERROR”,T97,°GDOP”,T104,
:“TRACKING ERROR”)
URITE(6,35)
FORMAT(1X, TRIADS”,9X, usec”,T33,°TDA",” & “,”Angle”,3X,”TDR",
17 & 7,7Angle”,T61, degrees”,5X, ANGLE” ,3X, “SHORT? ,3X, “LONG”,
:T104,7CROSS ALOKG”)
A=22
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40 FORMAT(12X,°TDA”,6X, TD3”,T3
:“LOP17,2%,°LCP27,3X, deg.”,3
WRITE(6,45) (W(J),J=1,130)

45 FORMAT(1X,13041)
WRITE(6,*)7 ~

DO 10C I=1,3
N=1+2
WRITE(6,50)AA(1),TD(2),TD(K),GDT(2),W(2),AL(2),6DT(R),
(i) ,AL(®) ,LoP(2) ,LOP(X) ,XA(1),RS(1),RL(I),GDOP(I),CTE(T),
: ATE(I)
50  FORMAT(2X,A5,2%,F%.2,F9.2,2X,F8.1,A1,F5.1,F8.1,A1,F5.1,
: 2%,F5.1,1%,F5.1,2%X,F5,1,1%X,F7.0,F7.0,3%X,F4.1,T103,F6.0,3%,
F6.0) :
IF (I.EG.(HN-1)) GOTO 200
IF (I.EQ.NN) GOTO 300
100 COHTINUE
200 DO 250 I=4,5
1A=1
IF (}MN.EQ.2.O0R.HN.EQ.3) IA=I-]
WRITE(6,225)A4(I4),TD(3),TD(I),GDT(3),%W(3),AL(3),GDT(L),
W(I),AL(I),L0P(3),L0P(I),%A(I),RS(I),RL(I),GDOP(I),CTE(L),
: ATE(I)
225  FORMAT(2X,A5,2%,F9.2,F9.2,2X,F8.1,A1,F5.1,F8.1,A1,F5.1,
: 2%,F5.1,1%,F5.1,2%X,F5.1,1X,F7.0,F7.0,3X,F4.1,T103,F6.0,3%,
F6.0)
IF (I.EQ.(HN+1)) GOTO 30C
250 CONTIKUE
WRITE(6,275)4A(6),TD(4),TD(5),6DT(4),%(4) ,AL(4),GDT(5),W(5),
:AL(5),LOP(4),L02(5),%A(6),RS(6) ,RL(6) ,GDOP(6) ,CTE(6) ,ATE(6)
275 FORMAT(2%,A5,2%,F9.2,F9.2,2%,F8.1,41,F5.1,F8.1,A1,F5.1,
X¥,F5.1,1%X,F5.1,2%,F5.1,1X,F7.0,F7.0,3X,F4.1,T103,F6.0,3X,
F6.0)
300 CONTINUE
VRITE(6,*)” °
WRITE(6,400)
400 FORMAT(” >>NOTE: *= ANGLE BETWEEN MASTER AND SECONDARY IS LESS”,
_:” THAK 20 DEGREES (NEAR BASELIKE EXTENSION).”)
WRITE(6,%)” ~

RETURN
N
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APPENDIX B
PROGRAM DATFIL

X

N Sevededededodohdeddohkn
LIS PROGRAM IS THE HAIN PROGRAM FOR
AND/OR CHANGING 4 DATA FIL
# ¥

EATING,PRINTING
I PROGRAM LORAN-C.

lo ofa oo ute ot o 2 o wto nlo el ole
g . TR e L R 2 S L UL
XS

w

ROG CR

T OMAT

E FOR THE MA

el fedede e dedvielodeleie e edok Stk e nedekhiVekdok Nk kB R ik Rdk R ddRdRh RNk kR

TY
FCRMAT(” DO YOU WISH TO;"/” CREATE A FILE? Y=17/
‘ PRINT A FILE CN PRIXTER? Y=27/

7 CEANGE A FILE? Y=37/° STOP?Y=0"/)

ACCEPT 30,N
FORMAT(12)

IF (8.EQ.1) GOTO 40
IF {¥.EQ.2) GOTO 50
IF (H.EG.3) GOTO 60
IF (N.EQ.0) GOTO 70
GOTO 10

CALL NUFILE

GOTO 190

CALL DMPFIL

GOTO 10

CALL CHGFIL

GOTO 10

STOP “EHD OF PROGRAM DATFIL’
END
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SUBROUTINE DMPFIL DUPS FILES CREATED BY PROGRAM NUFILE

ON TO THE LINE PRINTER

R e
EYTE #SC(16),HON(16)

REAL X(3),Y(3),xM(3),7:(3) ,HKR

IF (M.HE.4) GOTO 3
WRITE(6,2)

2 FORMAT(717)

2

-

10

20

50

100
200

210

IF (M.EQ.4) M=0

TYPE 10

FORMAT(” ENTER DATA FILE,(ex:<LC9960>)7/)
CALL ASSIGN(1l,,-1,7RDO7)
READ(1,END=200)GRI

WRITE(6,20)GRI

FORMAT(” GRI:”,F6.0)

DO 100 I=1,10

READ(1,END=200) (¥SC(J) ,J=1,16)
READ(1,EKD=200) (X(J),J=1 3) (¥(x),k=1,3)
READ(1,END=200)ED

READ(1,END=200)ECD

READ(1,END=200)RP,CDN

READ(1,END=200)MKR
WRITE(6,50)(1sc(J),J=1,16),(X(J),J=1,3),(¥Y(K) ,K=1,3),

:ED, CDH,RP, ECD,MKR

FORMAT(1X,16A1,1X,F6.1,F5.1,F6.2,3X,F6.1,F5.1,F6.2,

:lK,FS.Z,1X,F6.0,1X,F5.0,1X,F5.l,3X,F3.0)

IF (MKR.EQ.1.0) GOTO 200
CONTINUE
CONTINUE
WRITE(6,210) '
FORMAT(2X, “LORAN-C MONITOR STATIONS®)
DO 300 N=1,10 '

EAD(1,END=400) (MON(J) ,J=1,16)
nEAu(l END=400) (X(J) ,J=1, 3) (vr(J),J=1,3)
READ(l,END—400)CSECD
READ(1,END=400)CSTD
READ(1,END=4C0)TECD
READ(l,END=400)TTD
WRITE(6,250) (zON(J) ,J=1,16),(x¢(J),J=1,3),(¥H(J),J=1,3),
:CSECD,CSTD,TECD,TTD

250 FO‘{IUAT(L( 16Al ln,F6.0,F4.0,F6.2,lX,F6.0,F4.0,F6.2,2X,F6.2,

:2%,F8.2,2X,F5.1,2X,F5.1)

300 CONTINUE
400 CALL CLOSE (1)

WRITE(6,*)” 7
=M+l
TYPE 275

275 FORMAT(” COMTINUE? ¥=97)

READ(5,*)N

IF (N.EQ.9) GOTO 1
RETURN :
END

B-h -



SUBROUTINE CHGFIL
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TED BY PROGRAM NUFILE

VR Ww "R

Gl o3k oo 3
T %k O

HA
i
1

148C(16,5) ,HON(16,5)

ateutenls atsuts 2 ate ote ) nt 2 e e L b aats ulo nle ulaale nls ale ole ate nts als ot a 'l 0l ot ! N T s e S Y
CE R el e R R e S e R TS e o e - T Ty e S T N e A

stk
INE CHGFIL ALLOWS CHAKGES TO BE HADE IN ANY OF THE
R

21 2 ot o s ot 2 Lo bt ots ol ata als uta. 4wl uf o ol e 23 o S 3 alantsaty
Tkt ek Ao devele R de T e e de e de de de e e e e A de e e

REAL %(5,3),%(5,3),ED(5),ECD(5),RP(5),CDE(5) ,MRR(6),
1X:1(5,3),¥v(5,3) ,CSECD(5),CSTD(5) ,TECD(5) ,TTD(5)

1 TYPE 10

10 FORHAT(” EKTER FILE TO BE CHANGED(ex:<LC9960>)7/)

CALL ASSIGN(1,,-1,7RDO7)
READ(1,EKD=200)GRI

DO 100 I=1,10

READ(1,END=200) (#SC(J,1),J=1,16)

10PENS DATA FILE
OPENS GRI
{READS TRANS~STATIONS

READ(1,END=200)(X(1,J),J=1,3),(¥(1,J),J=1,3)

READ(1,ERD=200)ED(I)
READ(1,END=200)ECD(I)
READ(1,END=200)RP(I),CDN(I)
READ(1,ERD=200)MKR(T)

WRITE(5,50)(rsc(J,1),J=1,16),ED(1),CDN(I),RP(I),ECD(I),

1 (X(1,1),3=1,3),(¥(1,J),J=1,3)

50 FORMAT(1X,1641,1X,F8.2,1X,F6.0,1X,F5.0,1X,F5.1,1X/,

:5%,F6.1,F5.1,F6.2,3X,F6.1,F5.1,F6.2)
IF (MKR(I).EQ.1) GOTO 200
100 CONTINUE
200 CONTINUE
DO 240 N=1,10
READ(1,END=250) (1ON(J,N) ,J=1,16)

!READS HONITOR STATIONS

READ(1,END=250) (¥M(¥,J),J=1,3) ,(¥TH(¥%,J),J=1,3)

READ(1,END=250)CSECD(N)
READ(1,END=250)CSTD(N)
READ(1,END=250)TECD(N)
READ(1,EKD=250)TTD(N)

WRITE(5,225) (xou(J,N),J=1,16) ,CSECD(N) ,CSTD(MN) ,TECD(KN),
:TTD(R), (XM(N,J),J=1,3),(YH(¥,J),J=1,3) ’
225 FORUAT(1X,16A1,1%X,F6.2,1X,F8.2,1X,F5.1,1X,F5.1,1X/,

:5%,F6.1,F5.1,F6.2,3X,F6.1,F5.1,F6.2)
240 CONTINUE
250 CALL CLOSE(1)
290 COHTINUE

ICLOSES FILE

TYPE 300
300 FORMAT(” CHANGE RECORD E0.?7) !STATION(LINE) TO BE
READ(5,*)L ! CHANGED
IF (L.GT.I) GOTO 8838
TYPE 310
310 FORMAT(” CHANGE: NAME=1,ED=2,NCD=3,RP=4,ECD=5,X=6,Y=7,ALL=8")
READ(5,%)Ml
IF (M1.EG.1) GOTO 400 !TRANS=STATION NAHME
IF (M1.EQ.2) GOTO 410 {EMISSION DELAY
IF (M1.EG.3) GOTO 420 !NOM. CODING DELAY
IF (M1.EG.4) GOTO 430 'RADIATED POWER
IF (311.EG.5) GOTO 440 1ECD
IF (M1.EG.6) GOTO 450 !LATITUDE
IF (M1.EQ.7) GOTO 460 . ILONGITUDE
IF (#1.EG.8) GOTO 400 1ALL
GOTO 4706

400 DO 401 J=1,16

usC(J,L)=" -~
401 CONTINUE

ACCEPT 402,JJJ,(ssc(J,L),J=1,16)
402 FOEMAT(G,16A1)

IF (1l1.EQ.8) GOTO 410 B-5
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