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ABSTRACT

This letter report documents a simulation designed to show the effects of DME
beacon position and vehicle dynamics on ATADS computed position error. The
two-month co-op period proved insufficient to complete this task. A program flow

chart, program listing, and details required to complete this task are contained
in this report.
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INTRODUCTION

PURPOSE

This simulation was developed to quantify the effects of beacon location and
vehicle dynamics on ATADS computed position error. :

~ BACKGROUND

A multi-positioning system, ATADS, was developed as a position reference system
for navigation receiver evaluation and testing. ATADS uses a program called
RAPPRO to analyze range data. A modified version of RAPPRO forms the core of
this simulation. ATADS, along with the RAPPRO program is further described in
reference 1.

DISCUSSION

This simulation is a combination of two programs. The first program, called
FILFIL, forms the data base for the main program, call BCNSIM. A program
flowchart for each of the programs can be found in appendix A.

Program FILFIL creates a data base based on the replies to a series of user
prompts. The data base program consists of two subroutines which can be accessed
together or separately.

The first subroutine prompts the user for a file name and then loops through code
which requests the user to input the simulated user position values in latitude, long-
itude, and altitude. After the position data acquisition is completed, the program
then prompts the user for program termination. If not terminated, a prompt is

issued requesting another file name for the DME beacon coordinate library file.

Here, another loop is encountered wherein the latitude, longitude, and altitude of

a series of beacon placements are entered by the user. Also, a sequential identifier
is issued to each beacon for later reference purposes. The program then asks if

more range data files or beacon library files (BLF) are to be entered. |If

so, the process repeats... If not, the program terminates. FILFIL does not require
any other parameters or additional files, therefore, the user has maximum control

of the simulated data at the run-time of program BCNS{M.

Program BCNSIM begins by a call to subroutine QUERY. QUERY prompts the user for
the input and output file names along with other parameters. The BLF acts as a
general guide for the user. The user may select any number of beacons from the
BLF and/or may choose to use any number of non-standard beacons. If an error
occurs due to a read format error, subroutine ERRR will echo the problem and
prompt the user with instructions.

Once the file information and other parameters are set in QUERY, subroutines ECEF and
ENU will convert the beacons into the ENU coordinates. ENU (East-North-Up) is

a local coordinate system wherein a predetermined position is designated the

origin. In this case, the software sequentially cycles through the beacons and
collects range values from different beacons each of which, at the time of col-
lection, is considered an ENU origin.



Next, subroutine RAPPS reads the RAPPS data file. Subroutine TMETAG will as~
sociate a four-digit integer, calibrated in seconds, to each entry in the range
file. The TMETAG begins at 0000 seconds for each simulation run. The value

of TMETAG is dependent on the speed of the aircraft and the distance it travels
from one range entry to the next. Contained in this routine, is a subroutine
call to compute distances from differences in latitude, longitude, and altitude.
Subroutine STIME allows the user to process any. portion of the total simuiated
flight. The user inputs a start time and stop time. It also readies the

first window based on the previously acquired (from QUERY) width of window
value.

Subroutine RAPPS computes the user position at the center of the current window.
Each window allows the user positions from various beacons, occuring at different
times to be extrapolated/interpolated to a common specified time. This common
time is chosen to be at the center of the current data window. This is neces-
sary to employ the least squares solution, which assumes simultanecus measure-
ment data. '

Next, subroutine HDOP computes the HDOP of the extrapolated range value with the
series of beacon positions defined as a matrix.

Subroutine INCRMT slides the window forward, removes old data, and goes back
and processes the last data which was read, but not used.

After the range data has been exhausted and processing completed, a prompt is issued.
This prompt asks if the user would like to continue and, if so, starts the pro-

cess over with prompts for input and output file names. If the user so specifies,
the program terminates.

REQUIREMENTS FOR COMPLETION

As the program stands now, subroutine TMETAG needs to be completed. Since oniy

key values of range position are given (i.e., direction changes), intermediate

range positions .are needed to complete each window's data. Based on the speed,

the aircraft will travel a certain distance during the one second interval when

the software switches from one beacon to the next. The new range position is

 the sum of the previous position and the distance traveliled in one second. Each
range position needs to be converted to the ENU coordinate system with the operating
beacon as the local origin. Besides subroutine TMETAG, all logic has been com~
pleted. Only typical subreutine interfaces (i.e., common statements, passing
parameters) need to be handled because of TMETAG.
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APPENDIX B

FILFIL PROGRAM LISTING
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FROGRAM FILFIL

THIS FPROGRAM IS LESIGNED TO CREATE TWO INFUT DATA FILES
FOR PROGRAM HCHSIM. THE USER HAS AN OFTION OF CREATING
ONE OR MORE OF HIS CHOICE OF EITHER A RAFFRO FILE OR A
EBEACON LIERARY FILE.

KKK KKK KK KK KK KK KKK AR AK KK KKK K KA KK AR KKK KKK KA KKK KKK KKK KKK KKK KKK KKK
WRITE(S,10)
FORMAT (1H » ‘D0 YOU WANT TO CREATE A RAFFS FILE?(NO=0»YES=1)’/)
READl (5520) ICREAT
FORMAT(I1)
IF(ICREAT.ER.0)GO TO 145
CONTINUE
WRITE (5,30)
FORMAT (1H » ‘ENTER RAFFS FILE NAME.‘/)
CALL ASSIGN(1ss-1y/NEW’)
CONTINUE .
CALL QUEST(DLATsMLAT»SLAT,DLON>MLON,SLONALT)
"WRITE(15120)DLAT»MLAT»SLATyOLON, MLONy SLONSALT
FORMAT (312,1X»312,1X,15)
WRITE(S,130)
FORMAT(H »’ANY MORE COORDINATES?(Y=1,N=0)’/)
READ(S» 140) IMORE ‘ ‘ -
FORMAT (I1) ,
IF (IMORE.ER.1)G0 TO 40
CONTINUE
MWRITE(S,150) . .
FORMAT(1H s/ [0 YOU WANT TO CREATE A ELF?(Y=1:N=0)’/)
REALI(S,140) ICREAT
IF(ICREAT.ERQ.0)GO TO 215
FORMAT (11) . o,
CONTINUE
WRITE(S,170)
FORMAT(1H » ‘ENTER ELF NAME.’/)
CALL ASSIGN(4yy—1y/NEW’)
CONTINUE
CALL QUEST(DLATsMLAT»SLATyDLON,MLONySLONsALT)
WRITE(4s190)DLAT» MLAT»SLAT»ILON» MLON» SLON»ALT
FORMAT (3I251X,312,1X515)
WRITE(S,200)
FORMAT(1H »“ANY MORE COORDINATES?(Y=1sN=0)’/)

—



aoaooooan

READ(5,210) IMORE
210 FORMAT(I1)

IF(IMORE.EQ.1) GO TO 180
CaLl CLOSE(1)

CALL CLOSE(4)
WRITE(S,220)
220 FORMATC(1H » D0 YOU WANT TO CREATE MORE FILES?(N=0syRAFFS=1
1,BLF=2)"/)
READ(S,230) IMORE
230 FORMAT(I1)
IF(IMORE.EQ.1)G0 TO 25

IF(IMORE.EQ.2)G0 TO 1465
STOF )

END
KRKRRKKARRAK IR KRR KKK KRR KKK KRR KR KK KA KKK KKK

SUBROUTINE QUEST ASKS THE USER TO TYFE IN THE LATITUDE),
LONGITUDE s ANDIN ALTITUDE OF EACH RAFFS OR EEACON

FOSITION. /

KKK K K KK KK KK 3K KK 3K KK KK KKK K K KK K 3K K KKK KKK K K K KK KK KKKk Kok K K
SURROUTINE GUEST(DLAT,MLAT;SLAT;DLDN»MLDN;SLDNyALT)
WRITE(S+50)

50 FORMAT(1H s ENTER LATITUDE (DD;MM;SS) /)
READ(S s 40)TLAT s MLAT s SLAT
60 FORMAT(3(I2s1X)
WRITE(S,80)
80 FORMAT(1H »  ENTER LONGITUDE., (nn,nn,ss> /)
READI(S s 20)ILON s MLON s SLON
90 FORMAT(3(I2,1X))
WRITTE(S,100) \
100 FORMAT(IH s ENTER ALTITUDE IN FEET{(FFFFF)’/)
REAL(Ss110)ALT - .
110 FORMAT(IS) ' _ e
RETURN , o
END

B-2
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BCNSIM PROGRAM LISTING
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ELOCK DATA ,
IMFLICIT REALXB(A~H»0-Z)

IsJsKslLsMsN: ARE INTEGERS
COMMON/GHATX/ RTSEGs INDXyGX(20)yGY(20),GZ(20)
COMMON/HIOFF/ X(20)sY(20),2(20)
COMMON/DATS/KREAC»ITR»A» By KCOOR
COMMON/FRE/IDENT(10) »SLAT(10)»SLON(I0) » TALT(10)
COMMON/REF /REFALT» REFLONs REFLAT
COMMON/ARRYS/CLALONC1IOQ0+3)H»CECEF(1053)
.COMMON/TIMES/TOsT1s T2+ START»STOF
COMMON/SLIDE/IS1»IMI»IHIsWIDTH INCTINM
DATA GXsBYsGZsENTRY»CECEF + XY ZyRTSEG/361%0.10/

DATA INDXsKWYFNT s KEEAC/3%0/
END

30K K 3K K 2K K KKK KK K K K KK K 3K 3K K KK K 3K K 20K K 3 3K K 2K 2K K oK K K ok 3K 3K K K 3K K 3K 3K K KK K 3K 2K K K K KK K K K

—

FROGRAM NAME? RAFFRO-THIS IS A MODIFIED VERSION CONSISTING
OF SIMULATED DATA WITH NO ERRORS.
BEOTH THE REACON MATRIX COMFONENTS AND
oL THE RANGE VALUE MATRIX ARE USER
GENERATED OR USER MODIFIED.

SURROUTINES? GMTRA GMFRIN FROM SSFLIR

DATA FILES:
1-INFUT RAFFS DATA CREATED RY RAFFIL
2-0UTFUT FOSITION DATA '
3-INFUT FLIGHT DATA CONTROL FILE
4~INFUT DME COORDINATE LIERARY

) -

FROGRAM EBCNSIM- :

THIS FROGRAM IS A DYNAMIC SIMULATION OF AN AIRCRAFT IN FLIGHT
BEING TRACKED RY THE ATANS SYSTEM. THE AIRCRAFT FOLLOWS A
FREDETERMINED SERIES OF WAYFOINTS IN XTS AFFROACH TO A RUN-

WAY. FLACEDl NEAR THE RUNWAY ARE SEVERAL REACONS WHICH FOSITION
THE AIRCRAFT. BOTH THE WAYFOINT MATRIX ANII THE EEACON MATRIX

ARE USER SET. THE NUMRER OF WAYFOINTS:, THE NUMRER OF REACONS, AND
THE SIZE OF A ROUTE SEGMENT ARE ALSO USER SET. THE CREATION OF A
LDATA FILE IS NECCESSARY AND IS EXFLAINED IN THE FROGAM
DOCUMENTATION. - :

c-1
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IMFLICIT REAL¥8 (A-H,D-TVY-2)

COMMON/GMATX/ RTSEGy INLXsGX(20)s6Y(20)6BZ(20)
COMMON/HDOFF/ X(20)5,Y(20),2(20)

COMMON/DATS/KEEACs TR A» By KCOOR
COMMON/FRE/IDENT(103»SLAT(10)»SLONC10)»IALT(10)

COMMON/REF /REFALT s REFLONsREFLAT
COMMON/ARRYS/CLALONC10+3)yCECEF (10+3)
COMMON/TIMES/TO»T1sT2»STARTySTOFSWIDTH

COMMON/SLDE/IS1,IM1» IH1sWINDTHs INCTINM
REALX8 UO :

DIMENSION T2(10)+S(10)y06(10) s XM2(10)

DIMENSION RS(3+3)

DIMENSION RANGE1(10,50),RTIME(10,50),ISTAG(10)
"DIMENSION IRCOUNC(10)sR(10)>DELRT(10+s50)yCECEF(11,3),CLOCAL(1153)
 DIMENSION CLALON(11.3)

INTEGER Q(10)

DIMENSION x9(10) v :

OIMENSION R1(3,3),F03(3)X03(3)

DATA X1,Y1,21/3%0.00/

DATA TS N6/30%0,. 00/

DATA RANGE]1 »RTIME>DELRT/1500%0.00/

DATA Qs ISTAG/Z20%0/

DATA N?/10%0.D0/

DATA TRCOUN/L1OX0O/

DATA INCTIMsWIDTH/S,12,.00/

DFLOATC(I)=DRLE(FLOAT(I))

TIME(IHyIM. IS, IMS)=DFLOAT(IH) %3400, DO+DFLOAT(IM)*60 [o+
1DFLOATCIS)+IWFLOAT(IMS) 71000.100
DIST(XsYsZsX0rYOsZO0)=DSART ( (X=XO)KK2+(Y~YO)KX2+(Z~ 70)**”)
DMSDEG(IDs IM,US)=DFLOATC(II+DOFLOAT(IM) /60.IO+DBLE(US) /3600,110
DTR=3.141592654D00/180.0D0
A=3443,949200
R=3432,274100
G3=4A ‘

G4=R
call. RUERY

110 CONTINUE
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ZO=REFALT

KCOUNT=0
READ(4y120+ERR=1546yEND=150) INENT sy SLAT»SLON» IALT
FORMAT(I1XsI1s20118.9517)
WRITE(S69141)IDENTsSLAT»SLON IALT
FORMAT(IH »I%5,2018.9517)

INDEX=.]

CLALOMCINDEX s 1)=SLATXDTR

CLALONCINDEX 2)=SLONXDTR
CLALONCINDEX»3)=IUFLOAT(IALT})}/6076.115500
INDEX=INDEX+1 '
KCOUNT=KCOUNT+1

GO TO 110,

COMNTINUE

CalLl. ECEF '
CCALL ENU -
CALL RAFFS

CONTINUE

caLl. THMETAG

CALL STIMES

. CALL  HDOF

]

CALL INCRMNT

GO TO 130

CALL CLOSE(1)

CALL CLOSE(2)

CALL CLOSE(3)

CALL CLOSEC4)

STOF .

ENID

K KOKK KK KKK KK KKK KK KK KK KKK 3K K KKK KK KKK KKK KK KKKk KKK KKK kK K

SUEROUTINE ERRR FROCESSES THE TYFE OF ERROR ENCOUNTERET.

3K KKK KK K KK K K K KKK K KK KK 3K KK K 3K 3K 3K KK 3K K KK K K K K KKK KK KK KK KKK KKK XK
SURROUTINE ERRR
COMMON/DATS/KEEACIITRy A+ s KCOOR
IF(KCOUNT.EQ.KEEAC)GO TO 160
WRITE(&»155)
FORMAT¢1H » “FROELEM IN NUMRER OF STATIONS IDENTIFIED !!’/)
CALL CLOSE(1)
CALL CLOSE(Z)
CALL CLOSE(3)
Call CLOSEC(4)
STOF

156 CONTINUE
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WRITE(S6,157)

97 FORMAT(1H »/READ ERROR IN STATION DATA FILE t17)

CALL CLOSE(1)
CALL CLOSE(2)
CALL CLOSE(3)
CALL CLDSE(4)
STOF

160 CONTINUE

RETURN
ENI
3K 0K KK K 20K K 2K K K 2K K 2K 2K K 2K K K 2K K 30K 5 2K K KK K 0K 2K K 2 3K KK KK K K K KK KK KKK KKK KKKk X

SUEBROUTINE QUERY FILLS THE DATA FILES AND SETS OTHER
FARAMETERS TO USER SFECIFICATIONS.,

KKK KK KK KKK K K KK KK KK K KK K KKK K KKK KKK K KKK KKK K
SUEBRQUTINE QUERY
COMMON/FRE/ IDENT(10)sSLAT(10)»SLONC10)»IALT(10)
WRITE(S.10)
10 FORMAT(1IH + "ENTER RAFPS INFUT FILE NAME .’/)
CALL ASSIGN(1ssy—1s“RDO)
TWRITE(S,20)
20 FORMAT(1H s ENTER FOSITION OUTFUT FILE .°/)
CALL ASSIGN(2sys~1s  NEW’)
WRITE(Sy30) ,
30 FORMAT(1H »* ENTER EEACON LIEBRARY FILE NAME .’/)
CALL ASSIGN(4+s~-1y RDO7)
WRITE(S,40)
40 FORMAT(1H +20Xs’ REACON LIEBRARY FILE .7)
50 . CONTINUE
I=I+1
REALI(4+ 40+ ERR=156yEND=100) IDENT(I)s»SLAT(I)ySLONC(I)»IALT(I)
60 FORMAT(1XsIS51Xs2(N118.991X)+17)
I12=1 : 5
WRITE(S,70) IDENTC(I)sSLAT(I)»SLONCI)»IALT(I)
70 FORMAT(1H IS, 1Xy2(018.9+s1X)+17)
GO TO 50
D0 150 J=1,10
WRITE(S,80) J
80 FORMATC(IH 7 INFUT # ‘+12‘, EBEACON IDENTIFIER IS7?
1 (INFUT 3-DIGIT INTEGER IDENTIFIER FROM ELF.)’/)
REAN(S,90) IEREAC '
20 FORMAT(IZ)
D0 100 K=1,10
IND=K

c-4
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- 150
160
170

180

185
190 -

200
210

220

IFC(IBEAC.EQ.IDENT(K)) GO TO 110
CONTINUE
CONTINUE

WRITE(69120) IDEENTC(IND) ySLATCIND) s SLONCINDD » IALT(IND)

FORMTC(1IH »I3,2(1X,T11B.F)21X,17)
WRITE (S5+130)

FORMAT (1H » ‘ANY MORE REACONS FROM EBLF?(Y=1yN=0)‘/)

READN(S,140) IMOR1
FORMAT(I1)
INDZ=J
IF(IMOR1.EQ.0) GO TO 1460
CONTINUE
CONTINUE
INDZ=TND2+1
WRITE(S.170)

FORMAT(1H »’ ANY NON-STANDARD BEACONS ?(Y=1yN=O)'/5

REALI(5,180) IMOR2
FORMAT(I1)

IF (IMOR2.EQ.0) GO TO 260
WRITE (5, 190)

FORMAT(1H «’ ENTER A UNIQUE IDENTIFIER.(3-LIGIT INTEGER).‘/)

READ(S»200) TDENT (IND2)
FORMAT(I3)
WRITE(S.210)

FORMAT(1H s "ENTER LATITUDE AND LONGITUDE.(D18.2:0[118.9)‘/)
READ(S 2203 SLAT(INDZ) ySLONCINDZ2) » IALT(IND2)

FORMAT(2(N18.,9,1X)+I5)

KKK KK A KKK KKK KKK KKK KR KKK KKK KKK KKK KKK KKK KK KKK KKK KK KA KK KKK KKK KKKk

SUEBROUTINE ECEF TARKES DOMSDEG COORDINATES AND

CHANGES THEM TO ECEF.

***************************************************************

Iy
TR

SUERROUTINE ECEF
COMMON/REF /REFLAT sREFLONYREFALT
COMMON/DATS/DTR« KREAC» 45 By KCUOOR
COMMON/ARRYS/CLALDN(1093);CECEF(iOvZ)
IMFLICIT REALX8(A-H,0-Z)

JeRsLsMe N ARE INTEGERS

ANGFORM LAT LON TO ECEF COORDINATES
KRCODR=KEEAC+1

CLALONCKCOOR 1)=REFLATXDOTR
CLALON(KCOOR, 2)=REFLONXDITR
CLALON(KCOOR,, 2)=REFALT

Do 170 J4=1,KCOOR
TT1=DCOS(CLALONC(J»1))
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TT2=DSIN(CLALDN(J» 1)
TT3=DCOS(CLALONC(J+2))
TTA=DSIN(CLALON(J2))
TTS=CLALON(J»3)
TT6=DSART ((AXTT1)X¥k2+(BXTT2)%X%k2)
TT7=A%A/TT6+TTS
CECEF(Js1)=TT1XTTA%XTT7/
CECEF(Js2)=(RXB/TTHHTTSIXTTZ
CECEF(Jd+2)=TT1kTTIXTT?
MRITE(Ay169I(CECEF(Jy JI)» dd=1,3)
169 FORMAT(1IH »3F20.3)
170 CONTINUE
RETURN,
END
KKK KK KKK KK KK KK 3K K K KK 3K K 3K KK 3K K KK KKK KK KK KK XK KK KK 3K K KKK K K KK KK K KK KK K K

SUBRODUTINE ENU CHAMGES ECEF COORDINATES--INTO ENU COORDINATES.

K 3K 3K 3K KK KKK KK K K K K K K KKK 3 KK K K KK K Ok K KKK K K KKK R OKOK S OKoOK KKK K Kk
SUBROUTINE ENUCI) -
COMMON/DATS/DTRyKEEACY A By KCOOR
COMMON/ARRYS/CLALON(10y3)»CECEF(10,3)

TDIMENSION Qi(Z,3)50R5(32»3)5F03(3)»X03(3)»CLOCAL(10+3)
IMFPLICIT REAL%8B(A~-H,0-2Z)

IrJdsRyLsMs NI ARE INTEGERS

TRANGFORM ECEF TO L.OCAL ENU COORDINATES.
UO=CECEF (KCDOR 1)

VO=CECEF(KCDOR Y 2)

WO=CECEF (KCOOR:3)

TT1=UCOS(CLALON(KCOOR,»1))
TT2=DSINC(CLALONC(KCOORs1)3)
TT3=ICOS(CLALON(KCOOR2))
TTA=DSIN(CLALON(RKCOORY2))

Q1(1,1)=-TT3 .
Q1(1,2)=0,000 ) : ! -
Q1¢1,3)=TT4

BL(2,1)0=-TT2XTT4

Q1(2,2)=TT1

QI(2,3)=-TT2XTT3

QI1IC31)=TT1%TT4

Q1I(3»y2)=TT72

Q1(3,3)=TT1XTTZ

CALL GMTRA(QL:RS:3+3)

no 180 J=1,KCOOR

c-6
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FO3(1)=CECEF(J,1)-U0O
FO3(2)=CECEF{J»2)-Y0
FOZ(3)=CECEF(Jy3)-WO
CALL CGMFRI(Q1sFOZ»X03+35351)
CLOCAL (Jr1)=X03(1)
CLOCAL(Jy2)=X03(2)
CLOCAL (Jr3)=X03(3)
WRITE(45179) (CLOCAL(JsJJ) 9y JJ=1,3)
179 FORMAT(1H »3020.9)
180 CONTINUE
"EO=DNSART (UOXX2+VOXK2+WOXX2)
RETURN
ENID
KKK KK KKK KKK KKK KK KKK AR K KKK KK KKK A KKK KK KKK KKK KA AR K F KKK KK KKK K KKK

SUBROUTINE GDOF FINDS THE HDOOF VALUE OF EACH FOSITION ALONG THE ROUTE
IN RELATION TO THE REACON FOSITION MATRIX RY A SERIES OF MATRIX
OFERATIONS

30RKK K K K KK KKK KK ok ok KoK K ok sk K K Kk KK KKK K 0K KK 0K0K K KK K K K K KK KKK K K Kk ok Kok Kok
SUEBROUTINE GLDOF(KsVAL,IN

- IMFLICIT REALXEB(A-Hy0-Z)
IsJsKsLsMeN?! ARE INTEGERS
COMMON/GMATX/ RTSEGy INIXsGX(20)»BY(20),GZ(20)
COMMON/HIOFF/ X(2035Y(20)»Z(20)
REAL¥ES XOsYOyZOrXIsYIZI
REALXE8 R(20)sH(2053) HT(?:QO),HTH(373)
REAL#S VAL,
DIMENSIOR KF(20)yLF(20)
,nxsr<x1.v1,zx,xo,vo,zo) =DSART ((XI-X0)¥*2+ (YI-YD) kK24 (ZI-Z0)X¥2)
00 S0 L=1+3
Do S0 M=1:20
H(MsL)=0.110
HTC(LyM)=0,00
S0 CONTINUE '

no 100 J=1,K
RCDI=DIST(X(D 2+ YD)+ Z( I »GX(D) s BY (I s GZ(J))
H(J» 1)={(GX(I)-X(D)I/R(J)
HOJ» 2)=(BY (I} -Y (I /RO
H(J»3)=(GZ(J)-Z(J))/R(D)
WRITE(&2SE)Jy (H(JsJJ) »JI=193)
895 FORMATC(1H »‘H MATRIX ROW # ‘14, =/,3012.5)
100 CONTINUE
CALL. GMTRA(HsHT»20:3)
CALL GMFRIO(HTsHsHTH»3:,20,3)
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00 120 J=1,3

WRITE(65115) Js (HTH(JyJJ)» JJ=1,+3)

FORMAT(1H »“ HTH MATRIX ROW # ‘sI4,’ =‘/,3012.5)

CONTINUE
CALL MINV(HTHs3»DsKFsLF)
VAL=0.10
IF(D.NE.O.DO) VAL=DSART(HTH(1»1)+HTH(2:,2)})
0o 150 J=1,3

WRITE(49140)Udy (HTH(J» Jd) » JJ=1,3)

FORMAT(1H s "HTH INVERSE MATRIX ROW #’sI4y’ =’ 3D12.5)
CONTINUE ‘
RETURN
END
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SUBROUTINE STIMES FROMFTS THE USER FOR A STARTING AND STOFFING
TIME TAG. EACH SIMULATED FILE IS TIME TAGGED FROM 0000.00
AND IS INCREMENTED IN INTERVALS DEFENDANT ON THE USER
SFECIFIED SFEED OF AIRCRAFT.

/
‘****X**f******************************************************

SUBROUTINE STIMES
COMMON/TIMES/TO+sT1sT2+START»STOF

ET START AND STOF TIMES

WRITE(S200) -
FORMAT(1H . » “TYFE START TIME (HH:MM»SS). /)

READN(Sy210)TIH1,IM1,1IS1

FORMAT(3I3)

WRITE(S»220)

FORMATC(1IH »TYFE STOF TIME (HHsMM»SS5).’/)

READN(S,210) TH2, IM2,IS2 .
START=TIME(IH1,IM1s151,0) v
STOF=TIME (IH2,IN2,I52,0)

ET FIRST WINDOW TIMES,

TO=START

T1i=START+(WINTH/2.,110)

T2=START+WIDTH

RETURN

END _
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SUERROUTIMNE RAFFS READS THE RANGE DATA OFF OF THE USER



( CREATED RAFFS DATA FILE AND ALSO CHECKS THE TIME TAGS FOR CONSIS-
c TENCY WITH START»STOF FARAMETERS.
c .
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SUBRDUTINE RAFFS
C READ RANGE DATA FROM RAFPFS DATA FILE.
500 READCLYERR=500,END=1000)UTOTIMsUTIMLYyUALTSISECsIMS1»IDENT1
1o IDENT2s IMS2»URANGE» IR1 s IR2
TOTIM=DBLE(UTOTIM)
TOTIMI=DBLE(LJTIM1~ FLOQT(IHSI)/lOOO Y4DFLOAT(IMSTI)X1.,.0-03
c TOTIMI=TOTIM+DFLOAT(IMS1)%X1.0~03
ALT=DEBLE(UALT)
RANGE=DFLOAT(IRIDADFLOAT(IR2)X1,.11-03
cCc KEAKEEEEKREEKKEAEKER KK KKK KKK LK ERARE KKK KR EKE KKK KKK KKK KRR RERK KX
C . .
L SUBROUTINE THMETAG IS DESIGNED TO COMFUTE THE ROUTE SEGMENTS AND
C THEIR CORRESFONDING HIOOP VALUES IN RELATION TO THE EREACON
C MATRIX. '
G 1
C ***X***********************X*X*********************************
- SUBROUTINE THMETAG
IMFLICIT REALX8{(A-H»0-Z)
° Iy yKelLeMeND ARE INTEGERS
INTEGER TOTAL
COMMON/GMATX/ RTSEGs THUXyGX(20) 2 GY(20)+GZ(20)
COMMON/Z7HDORE/ X(”O)vY(”O)!Z(?O)
TOTAL=0
KRSEG=0
DIST=DARS(GY (INDX)~GY {INIX+1))
IF(GY(INDX41).EQ.0.D0) GO TO 300
100 CONTINUE
CALL GIOF(HDOF.sVALD}
WRITE(S+200) INDX,KSEGyVAL E )
200 FORMATC(IH » 7 THE HIOOP VALUE FOR WAYPOINT 4'!13! SEGMENT #7513
17 IS7.020.7)
XMTX=GX (INDX)
YMTX=GY CINDX)
ZMTX=GZ ( THDX)
XCINDX)=XMTX
Y{INDX)=YMTX~-RTSEG
ZCOINDX ) =ZMTX
XMTX=X(INDX)
YMTX=Y (INDX)
IMTX=Z (INDX)

it e e umpa——



TOTAL=TOTAL+RTSEG
KSEG=KSEG+1]
IFCTOTAL.LT.DIST) GO TO 100
300 CONTINUE
INDX=INDX+1
RETURN
END
S0SC COMNTINUE
C TEST TIME TAG.
IF(TOTIM1.GT.STOF)GO TO 2000
IFCTOTIML.GT.T2)GO TO 600 &
Zi=(ALTH+ALTCORY /6076.115500
JISTAG=10XILENTI1+IDENT2
C WRITE(&»S503)TOTIML» JISTAGY IMS1» IMS2y RANGE
9503 FORMAT(1IH »020.11,31Sy020.11)
C FICK UF ARRAY INDEX VIA STATION IDENT CODE.
no 510 U=1,KEEAC
IFC(JISTAG.ER.ISTAG(I))YGO TO 515 Y
‘910 CONTINUE .
C STATION IDENT NOT IN DIIATA BASE» GET NEXT RETURN.
GO TO 500
C STATION TIDENTIFIEUS FROCES S NATA.
515 INNDEX=J
C FREFILTER ALGORITHM
IF(R(INDEX).EQ.0,.I0O)GO TO 550
FX3=1,500
TF((TI-TO(INDEX)) .GT.OFLOATC(INCTIM)IFX3=40,110
EE1=DAKS (RANGE~-TNI? ( INDEX)~R (INDEX))
IF(EEL.GT.FX3)GD TO 500
IFC(IRCOUNCINDODEX) LT+ 2).0R(FX3.EQ.,40.10Y)IGO TO 550
IF(HDABRS (RANGE-LN? (INDIEX ) - RANGEI(INDEX TRCOUNCINDEX)=1)).GT..700)
160 TO 500
550 CONTINUE '
C END OF FREFILTER LOGIC ALGORITHM.
C STORE NEW RANGE RETURN FOR CURRENT WINDOW.
IRCOUNCINIDEX)=IRCOUNCINDEX)+1
RANGE1 (INDEX» IRCOUNCINDEX) )=RANGE-L? (INDEX)
RTIMECINDEX s TRCOUNCINDEX) )=TOTIMI1
DELRTCINDEX, IRCOUNCINDEX) )=TOTIM1-TO
KR=IRCOUNCINIEX)
C WRITE(S46»SS7)INDIEX»RANGEL (INDEX»KR) yRTIME(INDEX »KR) yDELRT(INDEX »KR)
557 FORMAT(1H +I43020.9)
GO TO 500
600 CONTINUE
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STRAIGHT LINE FIT OF RANGE VS. TIME.

605

606

K1=0

no 650 J=1,KEBEAC

CONTINUE

WRITE(&62606)Js IRCOUNCI)
FORMAT(IH »2I10)
IFC(IRCOUNCD) WLT.2)60 TO 450
SUMR=0.,110

SUMRT=0.110
BUMT=0.00

SUM2T=0.10

ACCUMULATE SUMS FOR NORMAL EQUATIONS.

610

D0 610 K=1IRCOUNCD)
SUMR=CGUMR+RANGE1 (JsK)
SUMT=SUMT+IELRT (JsK) ,
SUMRT=SUMRTHIELRT (J s K)XRANGE1 (J»K)
SUMRT=SUM2TH+DELRT (JsK) k%2

CONTINUE

COMMFUTE SLOFE AND' INTERCEFT OF LEAST SQUARES STRAIGHT LINE,
AO=SLOFE OF LINE, BO=INTERCEFT OF LINE.

615

&40

DO=DFLOAT (IRCOUNCJ) ) ¥kSUM2T~SUMT XX%2

CIF(DOLEQ.OWONOIWRITE(S2615)THL» IM1»IS1 s IRCOUNCY)

FORMAT(1H »314,1X,IS)

IF(DO.EQ.0.0D0)XGO TO 450

AO0=(DFLOAT (IRCOUNCJ) ) ¥SUMRT-SUMTXSUMR) /L0
RO=(SUM2TXSUMR-SUMT%SUMRT ) /D10 A
GO TO &05

CONTINUE

NO OUTLIERSs STORE EXTRAFOLATED RANGE VALUE FOR CURRENT WINDOW.

RANGE IS VALIN AT CENTER OF CURRENT WINDOWs RASED ON CURRENT
LEAST SQUARES STRAIGHT LINE CURVE FIT TO EXISTING RANGE VALUES.
K1 COUNTS NUMEBER OF DIFFERENT STATIONS WITH VALID RANGES.

645
650
660

Ki=K1+1
QK1Y= !
R(D=A0X(WIDNTH/2.I'0) +RO ’ g
T92(J)=T1
WRITE(69645)dsT1sR(J)»AORO
FORMAT(1H »14,4020,%9)
CONTINUE
ITER=0

REGIN FOSITION SOLUTION FROCESSING: LEAST SQUARES.
COMFUTE FOSITION IN LDCAL ENU COORDINATES RBRY SOLVING SIMULTANEOUS
RANGE EQUATIONS IN LEAST SQUARES MANNER.,

690

XL.1=0.110
XL2=0.00

Cc-11



C

C

C

C
C

ACCUMULATE RANGE RESIDUALS FOR CURRENT

46001

692
700

SOLVE FOR LEAST SQUARES DELXs DELY AT CURRENT ITERATION.

UFDATE CURRENT ESTIMATE OF FOSITION IN X AND Y.

XL3=0,.00 ’
XL4=0,00 :
XLS=0.010

nns=0.n10

K2=0

Do 700 I=1,K1

N=Q(I)

IF(N.LT,0)G0 TO 700

K2=K2+1

D1=X1-CLOCAL(Ns1)

D2=Y1-CLOCAL (N:2)
03=Z1~CLOCAL(N»3)

S(N)=NSORT (D1XX24+D2XKK2403%(D3) )
Da=N1/5(N)

NS=N2/5(N)

XM2(N)I=R(N)~-S (N}

NEINY=XM2 (W)
WRITE(SyS6001)INs 1 s 02yD3+Ss 04 IS 6 (N)
FORMAT(1IH +IS,7D15.7)
XKL1=XL14D&6(N) X4
XL2=XL2+DE (NI XDS

XL.3=XL3+14%[i4

XLA=XL4+D14XD5

XLS=XLS5+DSXDS
IFC(DAES(DN&(N) )Y LLE.IDG)GOD TO 692 .
IR9=1

DO6=TIARS(NI&(N))

CONTINUE

CONTINUE

IF(K2,LT.3)G0 TD 745
DO=XL3%kXL5-XL4%xXL 4
IF(NO.EQ.0.D0)X1=0.T10
IF(DO.EQ.0.D0)Y1=0,.110
IF(O0.EQ.0.II0)GD TO 745
El=(XLS%XL1~-XL4a%XL2) /DO
E2=(XLI3¥kXL2-XL4%XL1)/D0

X1=X1+E1

Yi=Y1+E2 _
WRITEC(S697001)XL1»XL2,XL3»XL4A»XLE
WRITE(6+7001)D0sE1E2sX1»Y1

7001 FORMAT(1H »‘’CTFR’5020.9)
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TEST FOR CONVERGENCE.:.IF NOTs ITERATE AGAIN.
ITER=ITER+1 :
IFCITER.GT.ITERATIX1=0.T10
IF(ITER.GT.ITERAT)Y1=0.110
IF(ITER.GT.ITERATIGO TO 745
IF((DARS(E1L)+NARBS(E2) ) . GT.,00100)G0O TO 690

BEGIN FOST FILTER FROCESSING.
IF(R(Q(IR?)).EQ.0.II0)GO TO 701
EE2=DABS(N&(RCIRT)))
IFCEE2.LT,.04010)G0 TO 701
QIIR?)=-Q(IRD)

GO TO 460
701 CONTINUE
EE1=0,.110
o 7209 J=1»Ki
N=Q(J)
IF(N.LT.0)GO TO 702 -~
GO TO 708
702 CONTINUE
' QCJ)=-N
N=~N -
S(N)=DIST(X1sY1»Z1sCLOCAL(Ns1)syCLOCAL(Ny2)yCLOCAL(N»3))
XM2(NI=R(N)-S(N)
RIN)=G(N)
60 7O 709
708 EEI1=EE1+IABS(D6(NI)
709 CONTINUE
ENDI OF FOST FILTER FROCESSING.,
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SUEROUTIME INCRMT SLIDES THE WINDOW FORWARD AND
CLEARS OUT OLD DATA SO THAT THE LAST DATA WHICH WAS READ RUT

FROCESSEL CAN BE HANDLED, i :
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COMMON/TIMES/TOsT1sT2sSTART»STOF
COMMON/DATS/DTRyKBEAC» A+ E»KCOOR
COMMON/SLDE/IS1,IM1»IH1»WIDTH,INCTIM
SLIDE WINDOW FORWARD INCTIM SECONDS.

ISI=TIC1+INCTIN

IF(IS1.LT.460)G0 TO 749

IS1=151-40 '

IMI=TM1+1

IF(IML1.LT.60)G0 TO 749




IM1=1M1-60 ‘
IH1=TIH1+1 '
IF(IH1.LT.24)60 TO 749
IH1=IH1-24
749 CONTINUE
TO=TIME(IH1,IM1»151,0)
T1=TO+(WIDTH/2.,110)
T2=TO+WINTH
C REMOVE OLD' DATA FROM CURRENT WINDOW.,
N0 770 I=1,KEEAC
N9=IRCOUNCI)
IF(N9.EQR.0)GO TO 770
DO 750 J=1,N9
IF(RTIME(I»J).GT.TOYGO TO 755
750 CONTINUE
IRCOUNC(I)=0
GO TO 770 ~
755 CONTINUE
Jg=J-1
N0 760 J9=1,N9-J8
RANGE1(IsJ9)=RANGE1 (I, J9+J8)
CRTIMECI»J9)=RTIME(I»J9+J8)
DELRT(I» J9)=RTIME(I »J9)~TO
760 CONTINUE
IRCOUN(I)=N9-J8
770 CONTINUE - ,
GO BACK AND FROCESS LAST DATA WHICH WAS READ, EUT NOT USED.
RETURN :
END

C-14

R 49 et e s e e e et et e e e e e .



