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I INTRODUCTION

This technical memorandum presents three computer programs used at Ohio
University for Omega data conversion, summary, and preparafion for disiribution. Program
logic and sample data formats are included, along with operational instructions for each

program.

Flight data (or data collected in flight format in the laboratory) is provided by

- the Ohio University Omega receiver base in the form of 6-bit binary words representing the .
phase of an Omega station with respect fo the receiver's local clock. All eight Omega - .-
stations are measured in each 10-second Omega time frame. In addition, an event-marker
~bit and a time~slot D synchronizing bit are recorded. Program FDCON is used to remove -
data from the flight recorder fupe and place it on data-processing cards for later use.

Program FDSUM provides for computer plotting of selected LOP's, for single-

+ station phase plots, and for printout of basic signal statistics for each Omega channel,
Mean phase and standard deviation are printed, along with data from which a phase disiri-
bution can be plotied for each Omega station.

Program DACOP simply copies the Omega data deck a confrolled number of
_times, for distribution to users.

These programs were developed on the Ohio University Computer Services'
System/360 Model 44 computer. Any special coding which may be system-dependent is
noted in the individual program descriptions.
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., FORTRAN COMPUTER PROGRAMS

““The computer roufines reported here were developed on the Ohio University
IBM System/360 Model 44 computer, using standard FORTRAN 1V language. Two routines
-dfe used by program FDCON which are system-dependent. These roufines are-fully des=-" -
cribed so that non-Ohio University users may write suifable routines for use at their installa-
tions.

A.  Flight Daia Convert ~ FDCON.,~ -The -listing for FDCON appears on the following - - -

“pages.  The purpose of this routine is to read the Omega data-collection tape (produced by the -~ - ..

Kennedy 1600 incremental tape recorder) and produce punched cards containing the commu-
- - tated phase data from the eight Omega stations. The Kennedy tape is generally produced as

“Tone-racord file containing 65,535 bytes'or less, followed by a tape mark (end-of-file) =~ -«

indicator.

FDCON punches cards with 24 Mé'—digit'Omegu phase measuremenis each,

followed-by the eighi-digit card sequence number. Each phase measurement consists of fwo . —. - -

digits, with the number in the range 00-63. If a minus sign appears in the three-digit field
reserved for each measurement, it indicates an event mark placed at this position in the
data. Event marks should be separately documented for each data sef. '

On the last cord of a deck, the end of phase data is signaled by a 99 in the next
medsurement position.

Card deck data always begins with Omega station D, referenced io the 10.2
© KHz fime slot. Each card contains three complete Omega sequences of eight measurements
each,

FDCON uses two system-dependent routines which are generally written in the
particular machine language being used. Subroutine TAPERR is called in the Ohio University
system fo set the number of tape error retries which will be attempted by the system. Since
Kennedy digital tapes have, from our experience, shown o relatively high error rate when
reading very long records; the retry rate is set relatively low.

: Subroutine VTAP2 allows.the.recovery of variable-length records regardless of
tape errors. See the FORTRAN listing at statement number 15, The routine fills the buffer

1IN from data set 4 until either the end~of~record signal or 45,533 bytes are transferred,.

- whichever occurs first. The actual number of bytes transferred to sforage s returned in -

[ACTL. ERRis a 3-word error buffer, not used in this program. Statement number 53-is - . . -

taken on end-of-file or tape mark signal, and statement 23 is taken on tape errors.

VTAP2 iransfers data until record end or an error occurs. In FDCON, we wish
to recover all possible data, so data transferred previous to_the tape error is available for
conversion to cards. '

A printed listing of output data is produced, showing minus signs for event
marks, along with phase data and card sequence numbers as infegers. The program places

—2=



OMEGA TAPE CONVERT S ‘ .
- FDCON - e e L e e e

TO CARDS IN I3 FORMAT . EVENT MARKS RESULT IN NEGATIVE NUMBERS.

GIVEN ON INPUT CONTROL CARDI FCORMAT: FILES=N., WHERE MN=1-9

nhnnnnnnnho

INTEGER E.BK , _ :
DATA E/VEY /48K /3 4/

- - INTEGER ERR(3).CBUF(24)/24*9QI .m”.,ﬂj,mgr__“m_.ﬂJhu~';;"1¢;,;.%W"

LOGICAL*1 IN(65535)/65535% .FALSE W/
CLOGICAL*1 I1A(4} ‘ .
: EQUI VAL ENCE(ITMP,TA(1)) , S -
- Co+oSET NUMRER . OF ERROR RETRIES FOR TAPE. S P,
CALL TAPERR(2) . - ' - S
IPCH=2
ITMP =0
e IFILE=99 .. S
. READ(1,1,END=10)IF ILE
1 FORMATI{EX.T11)
10 ISW=0

.. DO 20.1=1.IFILE . S A UL

1C=0
1TS=0 ‘ _ _

IBF=D0 ' S
CessUSE OHIO UNTIV. MACHINE-LANGUAGE TAPE. READ.TO GET AROUND .. .. ..
Cs s »ERROR PROCESSING, ETC. {(SEE WRITEUP) : -

15 CALL VTAPE{4,[N-635351IACTLqFPR¢5%3q5?3)
7248 IF{TACTL 4L T.0)STOP ‘1

T PRINT 244T.aI1ACTL & e e e e e e e e

24 FORMAT(? RECZCRD IM FILE. *,J1.%: ;16;' BYTFS'/)
- ISY=0 .
ISwWwz=1

D0 28 J21e TACTL —o o e A

CIACAY=IM(J)
ITS=TITS+1
IF{ITS.EQ.9}1TS5=1

IE=0 . . e e i e i

C...CHECK FOR FVFNY

: 1Q=1TMP~128.

C ERROR -~ (OUT GF SYNCa. | : :
v -=LIN=BK ... . ST
IF(IO-G:.&&.AND ITS.EQ 1)LIN C
IF{LINLJEQ.EYIPCH=C -
IF{1QeLTW0) IE=1L

”IF{IQ.LT.c)wIQ=IQ+128‘w_.“mm_m_m;f_Wﬁww_WTHMmmmg__wﬁﬂm;“n;,m“,"”A

CeesCHECK FOPR SYNC. -
IF(1QG.GE.64) IO=[0-564
IF(IE.EQ.1) 10=~1Q

L IBF=I8F+1. - e _LAgNTL.MWHL.Whmmm"._fm

TFIIBF«GTe 24)oﬂ TD I?O - ~
130 CBUF(IBFY=IQ . RN
GO TO 28

"READS OMEGA DIGITAL TAPE (65535 AYTES MAX) TO TAPE MARK AND CONVERTS
READS UNTIL IT HITS 2 CONCURRENT TAPE MARKS. G, NUMBER OF FILES

e Re . We LILLEY, AVIONICSs NOVEMBER 30 DT o cosinime o b moi il e

w e




C. PUNMCH . ... . e e

~C -

723

120
121

122

123

28
E

53
54

155
20
23

IC=IC+1 5
WRITE(IPCH.121)CBUF, IC
FORMAT (2413, 18)

SPRINT 122 CRUF 2 TC  LIN .- o .

FORMAT{ 10X 32413,18,.5%,A11
D0 123 K=1.,24 . .
cCBUF{K)=99

GO TO(130.20,155), [5W2
CONT INUE o o
GO TO 15 S
OF e e e e
PRINT 54
FORMAT (' TAPE MARK?®/)
IF{I1SW.EQ.I}STOP

1SW2=2 |
IF(IBFeEQ.24)ISW2=3 -

60 TO 120

15W2=2

GD TO 120

CONT INUE

STOP

PRINT 723 . -0 comoes o
FORMAT (¢ #%*TAPE ERROR'/)
GO TO 726 :

END

IBF=1oe oo o

e LSWEY e




an "E" at the end of any line-which is out of synchronization (i.e., where the "D" channel
sync bit does not occur every eight data spaces).. When this sync error occurs, card punch-
ing is stopped, although printing continues.

- Data set zero (0} is used by -the Ohio University system as a dummy data set.
I FDCON is implemented at other installations, some other data set number must be pro-

vided, with Job Control statements to dummy the sutpot.” The data set name in FDCON-is -~ "~

IPCH. "For the Ohio University system, the data set reference number is 2, set early in the

- program, The data set number is changed to zero durmg the "CHECK FOR EVENT" program -

section.

= == - FDCON requires one control card, in-the-format "FILES = N -This-cardstops - -
- ~pregram-activity after N-files-(in-the range 1-9) have been read from-tape. If the-card-is -~ -----
- omitted; the-number of files read will be set-to 99. - Tape reading is terminated in this case

by reading the 99th flie, or by reading two concurrent end-of-file marks (tcrpe-mqu
characters).

B.  Flight Data Summary -~ FDSUM. The FDSUM program listings appear on the
following pages. FDSUM was written as a "quick~look" data summary program to allow ; -
reasonability checks or discovery-mode observation of Omega flight-test data collected by

‘the Ohio University Omega receiver. FDSUM accepts as input one control card followed

by an Omega phose data deck, such as the card output from FDCON, discussed earlier.
The format of the control card is somewhat variable, beginning in Column 1:

S-S, 5tS  (difference of two Omego station phases, and -
sum of phases)

Sbb, S (plots of two Omega station phase data points)

where S represenis the Omega station identification lefter, and b repre-
sents a blank card column.

For example, if the user wishes to compute Omega LOP's BD and AB, his

conirol card would read "B-D, A-B". If he wishes to compute LOP BC and display the phase

data associated with station A, his card would read "B-C, A". If he wishes to display the
sum and difference between two station phases (elliptical-hyperbolic navigation) he would
code, for example, "B-D, B+D",

The control card triggers simultanecus printer plots of two graphs, based upon the

two fields on the control card. A small section of a somple graph appears immediately after

the program listing. It is noted that the graph is self-timing, in that each X-axis point appears

exactly ten seconds later than the preceding point. In the Y-axis direction, 10 points per
inch are present, with edch point representing 1/64 of an Omega lane.



CeveDMEGA-TEST..DATA SUMMARY--PROGRAM-— FDSUM.-
C..«READS OMEGA DATA DECK FROM FEDCON
Cses PHASE MEASURES, SUMS OR DIFFERENCES;

N PP

C.-oINF’UT DFCF\ FPD'M‘ FDCON IS PR’ECED:D BY ONE CONTROL CARD. FDRMAT.
GIVFES TwD PLOTS ONE FUR DIFFERENCE OF A AND B PHASF:

(‘.QE

Cevo A— F D+G -

Qe e CANMD ONELFCR LSUM . OF D AND .G PHASE &2
Coe s ONE

AND PRODUCES pLOTS OF SELE’CTFD
PRINTS MEAN;
Ces« SPECTRAL DATA FOR EACH OMEGA TIMF SLDT._

PLCT MAY BE DONE BY ELIMINATING CO’\-!MA AND SFCGND EX‘F’RFSSIGN
Ce e ONE-STATION PHASFE PLOT MAY BE MADE HY USING THE DFSIPED STATION

'S+ 0.y AND

C LETTER FOLLOWED BY TWO BLANKS.
Co.es BLANK__CARD_YIELDS .NO PLOT. AT . ALL.. e e JAN
C.l' . .
Ceas Ra We LILLEY, AVIDNICS.‘NDVEMBER. 1974
C , ,
R, INTEGER. .SAUF(64+8)/512%0./. . e e e i e e e e
INTEGER BK/' V/.STAR/ VRS Z4EAVE? /4 LINEC132),LQ(9) .
DIMENS LON Ih{24}aEN(B)qSUMIB),SUMSQ{S!'EM{B).ESD{B)
CINTEGER IBAR/* 1Y/ : o :
e TINTEGE R KL B Yoo e e = e e o it e o eemanin ot i or i o o
INTEGER IP/%+1 /.LA(3).LB{3).LT{9)/'D' AE,IF Y e G ,'H‘,'A!.'B'-,
b-4 IC." I/ - .
IPS=1

— ,,-f_,.m.*;*LQ {(29)=0_..
DO 20 I=1.8"
EN{I1¥=0.
SUM{T}¥=Q .

.L.m20_u_._uSU\d§0( 1 )=C— ...

Cew s READ CONTROL CARD AND PRDCE
READ{1,2)LA,LB C

2 FORMAT{3A1l +1X%X3A 1) ‘

ORISR 13 J-J S U U= O < S S PO U

26 KLU{I . o : :
Do 1

: IF{L

e LELL
IF(LB
IF(LBC

16 CONTINUE

e 128 1=l e 4

IF{KL(I)-NE Q}Gﬁ TD 129
128 CAONTINUE
IPS=2

129 D0 1T E=te b
IF{RL{IY.GT.N)GO Tn 17
PRINT 18

13 FORMATI(*
U IR | = S
17 CGNTTNUE
LAM=1
’ IF(LA{2).EQ. IP)LAM——I

R U ¥~ 15 U ——
IF{LB(2)+sEQ. IP’LBM'——I
IF{IPS.EQ«2)G0 TO 10
PRINT S9.LA.LB

e EORMAT (L1 0OMEGA. _PLOTSE .

* 33

. PRINT 786

786 FORMAT(/T

e PRIMNY._TBT

787 FORMAT(' *",130{*__
Caw+READ INPUT DECK

10 READ(1 +1 +END=50]) TN

ol FORMAT(2413).

C---PQOCESS EACH pHASE MEASURFMENT DN
DO 11 J=1.3 . L .

55 I

» 3

EQ.L
FQa.L
EQaL

)
5
A
A

3
H

1
-
-
-

(
{
{

G u

vl oot et et

Q

I=
1)
3
1)
3}

Nl et el Tt

# 3k e CEJNTHOL CARD LRRLR'!

1, 3A1. 64X,3A1/0.

)y

6ARD

C..JCLEAR PLOT BUFFER S
PO 13 LE1.132 e

13 LCINE([)=BK
LINE(3)=1BAR
LINE(68)=IBAR

e LINELBEY=IBAR __ . ot
LINE(131)=1BAR
DO 12 K=1,8
LL=CINCEI-1) X84K )

. .

1764 LANE PER CHARACTER (ACRGSS).'/)
O‘gTé-S-'63';1’68"0'91'130:'63‘)

L b o e

10- SECONDS.. PER LINEw(DUWNL{_




Ce s« CHECK FOR END OF DATA {(92)
: IF(LL.GF.99)G0 TO 50
L=1ABS{LL)

e SUM K ) BSUMIK Y Lo oo o

ENTK)=EN{K)+1.
SUMSG(K}—SUMGO(K)+L*L
. LQCK )=t I .
e e SBUF{L+1 4K )= sun(L+1,x)*;m._W”;h_“mﬁmmgum“ﬁmm”“mmm%w
IF(LL.LTL0) LINE(2)=E . ‘ :

12 CONTINUE™ . . - -
C PLOT C - , S
- .,A“M______I F LIPS EQ.2) GCL_T a. l 0.. - e e e e e siare e ¢ rmes = 2 o eereen e e [
: CIF(KL(1) .EQs9e ANDGKLE{2).EQ.D) GO TO 456 S : :
LOPI=LA{KL 1) )—L Q{KL (2) ) %L AM
: IF(LOP1.LT.0)LDPL=64+LOPL - = - SR oL o
—ee EE (L OR 1.0 GEa 64 ) LOPL SLORL=64 - . /il o i e D]
- LINE{LOP1+3)=STAR o o
456 TF(KL{3)+EQ.9sANDWKL (%), EQe0)60 TO 457
LOP2=LO(KL{3)} ) =L Q(KL{4) ) *LBM

e LE AL OP 2 4L T.a Q)L OP2=64 40P 2 .. “rwm;w;fvmmvm;_;MM;QMWWWN;

IF(LOPE.GE.54)LOP2=LOP2—54
LINE{(LOP2+683)=STAR
457 CONT INUE

e e PRINT. L2 LINS el e

112 FORMAT{132A1)
11 CONT INUE .
GO T 10

€. PRINT.. stIx___"___“”m_whmy_“h;___“m“mu“m}fwuuwﬂmq_ﬂm_“n_ﬂl_;un

S0 PRINT 101
101 FORMAT(*ISTATISTICS FDR EACH TIME SLOT+/3 | .
200 FOPMAT{10X'D E F G H A B . C*/)

i PREINT.. 2C0. . A TR SNSRI ]
DO 102 I[=1,8 o R o X
EM{T)I=SUM(T)/EN(I)

102 ESD(I)=SQRT ((SUM:O(I)-((SUM(I)**2)/EN(I))3/EN(I)3‘
i cPRINT. 103, EM, ESD. i et e st e e et e
103 FUORMATI{' MEAN 1 .a(Fa.l.iX)//' SeDs "8(F4., 1.1x)/}
. . PRINT 104 S
1064 FOBRMAT(' SPECTRUM DATA®/)

______________ CPRINT-. 200 s .w~_Hm”mf@waﬂgwm“;”w;m;“;mwg‘

DO 105 I=1.64 , ,
K=1-1 _ :
PRINT 106,K, (SBUF(T,L) L.=1,8)

106 FORMAT(1X..12, 5x,at14,1x1:_.MM,T@”;WVA%wﬂwmw“mmT_MNW;?mﬁ;u;'

105 CONTINUE
5TOR
END

e
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STATISTICS FOR EACH TIME

G

3148 29.7 3145 31.7

326 30.5

21.% 31.3

MEAN

SeD.

18.3 1844

18.4 18e4 18,5 17.5 17.8

18.56

SPECTRUM DATA
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In addition, the program computes the mean, standard deviation, and speciral
data for each Omega fime slot, giving the number of data poinis at each 1/64 lane position.
These statistics are computed for a "quick-look® at the entire data set. They are not useful
- directly for signal-statistical analysis, The control must be present.” If it is blank, no plot
is produced,

- Note that all Omega station identifiers given on the-program confrol card are
referenced to 10,2 KHz. In order to operate the program with 13.é6 KHz phase data, the
~user must remember that. to plot the BD LOP at 13.6 KHz, he musf specify the time slot
(referenced to 102 KHz)-in-which-the appropriate signals appear . In-this- case, -his control
card would read C-E to obtain the 13.6 BD LOP. ~

- - = ~This program is written in standard FORTRAN IV for the IBM System,/360 Mode! 44
at-Ohio University. System-dependent code is avoided, so implementation on other computer
systems should not be difficult.

C. Data Copy - DACOP. The program listing for DACOP is presented on the fol-
lowing page. DACOP, through use of direct-access files, allows the user to copy an 80-
column card deck from one to nine times. The input deck must not contain more than 3,000 .
cards, or the program will copy only the first 3,000 input cards. A second DACOP run can-
then be made to copy remaining cards, if the deck is larger than 3,000 cards.

One control card is required, as the first input card. The format of the card is
"COPY = N", where N is an integer from 1 to 2. If N is zero, one copy will be made.
Note that this conirol card must precede the input deck. |If it is missing, the first data card
will be interpreted (wrongly) as the number of copies control card.

DACOP uses a FORTRAN data file which is written, rewound and read as if it
were a sequenticl (tape) file. Direct-access placement of this sequential file is possible.

Output from DACQOP consists of N copies of the input data deck, each copy

followed by a blank card for separation. In addition, N copies of a printed listing of the
datu are produced, each separated by a page skip.

- ]70..



CooeOMEGA. PROGRAM..FOR- DECK-COPIES 1= 9u-“¢»m;ﬁeum-_;u<~nuirm. -
CeeaDACOP N ' : ‘ - X . . .

‘C'.O

CeweseONE CONTROL CARD MUST PRECEDE INPUT DECK _ ’ )
el LEGRMAT I S - ""DPY N'.'___-... - =] =D e e e

C
c
C

C

C...R.

C

- Cu s sREAD. coNTRoL“CARDMMm“;_”“;w,wiume_ e e e

2

CessREAD INPUT DECK - L L SR
__m_iowREAD(141,FND-20)INmJ__.”““hQm;wuuuﬂ?ggwu”;@uwwam;¢“_@””M;;

1

':F(Ic GT.3000)GD TO - 100

Ceesl.TST AND PUNCH DUTPUT DECKS

20

. INPUT DECK MAXIMUM IS 3+000. CARDS ,
—CaeeOUTPUT IS N..COPIES-.OF DECK . -WITH-BLANK. CARD AFTER EACH we o e

i DO_A1. K= 1.1<:TLW,.HH‘W”,ﬁmm-_Tmn e e e o e i s o e <
 PUNCH 1.1N____;Mwﬂm~_nﬂml“‘;W;w_w;ﬂ_f_n"ﬂﬁme;“;__mm;_;—m_“.;

PRINT 6. oo eoroe e s e et e Dbl 1

We LILLEY, AVIONICS, NQVEMBER';1974
DIMENSLONZINC20)cs — oo e oot
DEFINE FILE 4(3000,80.E.ID5K3
1C=1
PRINT 6

READ(1 ,23ICTL -
FORMAT{SX,11)

FORMAT(20A4)
IC=IC+]

TR G R T 4 A S SO —
60 TO-10 - : . . '

IC=1C~1

REWIND 4
DO 30 1=1,1C
READ{4,1 }IN

PRINT T7T+IN-
FORMAT(20X,20A84)
CONT INUE

FORMAT(*1%}
PUNCH Y
CONTINUE

ST o e e e e ]

PRINT 101 : _ -
FORMAT (¢ ##% DECK TOOD LARGE = FIRST 3,000 CARDS COPIED*)
GO TO 20 - e - S

END. . o e e T

“11-



It.  SUMMARY

The series of FORTRAN computer programs which is used for preparation of
flight-test data for distribution to participants in the Tri~University Program in Air Transporha-
tion Systems and to other interested users has been described. Obviously, these programs are
highly dependent upon data input formais from digital magnefic tape as written during flight
tests. The future plans for data collection during test flights call for additional data o be
recorded. We expect to multiplex flight path data (heading, airspeed ond altitude) on the
magnetic tape along with Omega phase measurements. Such plans, when implemented, may
call for changes both in program input formats and in output data format,

It is noted that dota output from the current reduction programs is in card form.
With the additional data on flight path, it is expected that magnetic tape output for distri-
bution will be required, due to the volume of data which will be recorded even on relatively

short flights.

Card copies of any or all of the FORTRAN programs reporfed here may be obtained
by contacting the author. :

~12-



-'Englneer for fhe Tri- Unwersﬁy Progrum... o

V. ACKNOWLEDGEMENTS

The author wishes fo acknow¥edge the valuable suppori‘ of the Omega proiect

team at Ohio University, and in parficulor Mr. Kent Chamberlin, for assistance in prepc:rmg S

the Omega data-reduction computer programs and this paper. Dr. Richard H. McFarland is
the Director of the Avionics Engineering Cen’rer, cmd Mr. Rczfph Burhuns is the Prc:np.a::.i~

—— e I g VSOV OGO O SO W S S SR

-13-



