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l. INTRODUCT!ION

This paper describes a set of programs designed to be run on the IBM 370/158
computer at Ohio University. These programs are used to read the recorded time differences
from the tape produced by the Loran data collection system!, convert them to latitude/
longitude and produce various plotting input files. The programs have been written so they
may be tailored easily to meet the demands of a particular data reduction job. The tape
reader program is written in 370 assembler language and the remaining programs are written
in standard I1BM FORTRAN-IV language. The tape reader program is dependent upon the
recording format used by the data collection system and on the 1/O macros used at the
computing facility. The other programs are generally device-independent, although the
plotting routines will be depenc._at upon the plotting methed used.

Figure 1 shows an overall view of the flow of data from the receiver, through the
Loran interface unit, to the microprocessor, and the main computing facility. The basic
function of the data reduction programs is to convert the recorded data to a more readily
usable form; convert the time difference (TD) numbers to latitude/longitude (lat/long), to
format a printed listing of the TDs, lat/long, reference times, and other information derived
from the data, and to produce data files which may be used for subsequent plotting.

n. THE TAPE READER PROGRAM

Figure 2 shows a functional flow diagram of the tape reader program. lts main function
is to find and separate valid data from the tape input. The present format of the recorded
tapes is a continuous string of numbers containing the GRI count, and the two TDs. A typical
tape record is shown in Figure 3. Although the record format depicted in Figure 3 is eight
words of ten bytes each, this is not always the case. Because of the recording operation of
the microcomputer, the word positions may be offset to the left or right of the start-record
position by a variable number of bytes. It is also possible that an incomplete word was recorded,
i.e., one of the three fields (GRI or the TDs) may have been omitted for some reason (usually
an interrupt timing problem). Completely invalid data may be included because of initialization
problems. The recorded data is in a packed BCD format, as opposed to ASCII or EBCDIC which
is more commonly used in the computer. The tape reader program, then, must correctly identify
complete data fields, rejecting those which are incomplete or otherwise invalid. The program
then converts the data from the packed decimal form to EBCDIC and stores it on a disk file

and/or a tape volume. A running count is kept of errors encountered while reading the input
tape.

For the discussion which follows, reference is made to the complete program listing
in Appendix |. After reading a record from the tape input, a check is made to determine if
any errors have been returned from the operating system. An end-of-file (EOF) indication
is handled separately and causes the program to close all files and terminate execution (normal
exit). If a permanent !/O error is encountered, the record is skipped and the next record is
read. A count is maintained of all records skipped in this manner. There are several reasons
for permanent 1/O errors such as, improper inter-record gaps, or improper recording of the
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record, The detection and handling of such errors are functions of the tape unit and tape
channel used at the computing facility. Any other errors encountered cause an error message
to be generated, all files closed, and execution to be terminated.

After a record has been correctly read, the program scans the record for the first
occurrence of the TDA mask. Currently, this mask is a hexadecimal "A" in the upper four
bits of the most-significant-digit (MSB) of the TDA field. When the TDA mask is found,
the digit pointer backspaces four bytes to point to the first byte of the GRI count. Then a
cheek is made for the TDB mask which: is the hexadecimal character "B" in the upper four
bits of the MSB for the TDB field. Afte: this is verified, a check is mode to ensure that
there are ten digits in the word. If any of thase checks fails, the word is skipped and the
next word is tried, A separate count of these errors is kept.

The tape reader program must take into account the fact that part of a word may be on
the previous line or on the succeeding line (tape record). If, while checking the word lengths,
it is found that some of the first several bytes are missing, the program assumes that these bytes
were on the last record. In this case, it assumes that these bytes are already in a temporary
buffer which was built during processing of the previous record. Then the remaining bytes on
the present record are used to fill out this temporary buffer which is then sent to the format
conversion routine. If. while checking the word length, it is found that some of the bytes
ot the end of the word are missing, the byres that are present are stored in a temporary
buffer and another record is obtained, where it is assumed that the remaining bytes will be
found.

When it has been ascertained that a proper ten-byte word exists, a subprogram is called
which changes the packed decimal form to a zoned (EBCDIC) format. A check is made to be
sure that ten bytes have actually been passed to the conversion routine; also the ten bytes are
checked for valid characters, If these checks fail, the word is purged and the invalid word
count is increased by one. Before the format conversion takes place, the two TD masks are
stripped off (replaced by a four-bit zero). The format conversion is accomplished by taking
each four-bit digit (20 in total) and prefixing it with the four-bit hexadecimal "F", Thus,
the ten-byte word is converted to a 20-byte EBCDIC word.

The reformatted word is placed in an output buffer. The possible outputs are: a disk
file with a dataset name specified when the tape reader program was called, and/or a tape
volume. After the output record (s) are written, another pass is made to process another TD
data word,

An additional feature built into the data recording system allows event-marks to be
identified uniquely by writing an incrementing number into the most significant byte of the
GRI count. For no events entered, this MSB digit is set to zero, The tape reader program
tests the MSB of the GRI number; if it is non-zero, the entire TD word is converted to zoned
format and stored on a separate disk file,
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. SUPERVISOR PROGRAM

The supervisor program is used during the TD ~to-position conversion operation. Figure 4
shows a functional diagram of this program. A complete listing is given in Appendix Il, The
particular version of the supervisor to be discussed here was designed primarily for the CMS
interactive system. To be used in other systems, such as OS/VS, some of the read and write
statements and possibly some format statements need be changed. In order to facilitate use
by other agencies, 1/0 operations are confined to this supervisor program; except for subroutine
DBREAD, which does its own file-read operations.

The supervisor requests the user to enter parameters for the data reduztion job. These
parameters, in order of entry, are: the dead-reckoned latitude, dead-reckonad longitude,
the number of input data points to be skipped between calculations, the busic Loran chain
rate, the reference longitude. The dead-reckoned latitude and longitude are used to initialize
the TD ~to~position subprogram. The position may be approximate; within one to two degrees of
the actual position. Since the conversion program requires a dead-reckoned position each time
it is called, the last position calculated is used for the new dead=-reckoned position. Because
the input file containing the time differences can be quite large, it would take an excessive
umount of time to convert every point. If the dota is collected at the maximum rate, then
there will be approximately ten points every second of real time. Under normal circumstances,
one-tenth second represents a very small change in position; thus, the third entry to the super-
visor program allows a number of input data points to skipped in between calculations, saving
time., The maximum value for this entry is to do one calculation for every 9999th data point.
The entry for basic chain rate is used for calculating the time between each set of data points.
This is found by multiplying the GRI count read in from the data by the basic chain rate and
dividing by 3600, giving the time in hours. This entry is made in decimal format; e.g. if
the chain rate is 89700, enter 0.0897. This is the chain rate in fractional seconds. The final
two entries are a reference position passed to the range/azimuth routine. Thus the range and
azimuth of each calculated point may be found relative to the reference.

After the pammeters are read in, the appropriate subprograms are called to read in a
data point, convert it to lat/long, and convert it to range/azimuth. The first point is used
as a time reference and the CRI count of each succeeding point is used to calculate the time
elapsed since the first point. All of the information obtained by the supervisor program is
formatted into a listing which is generally printed. Figur2 5 shows a sample listing. A separate
dataset file is also employed to write the range/azimuth or lat/long, which is then used as
input to the plotting programs.

V. SUBPROGRAM DBREAD

Subprogram DBREAD is used to obtain a GRI count and the two time differences from
the input file. The operation of DBREAD is outlined in Figure 6. The complete listing is
shown in Appendix Ili. The present version of this program reads from an 80-byte input file,
each record containing four GRI and TD words. Several checks of the numbers read in are
performed to minimize problems in other subprograms. One of these checks is a blunder point
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trap to delete a number if it differs significantly from the last number read in. Each TD
count is held and compared to the new ones read in. [f the difference is greater than five
microseconds, the nev. number is deleted and the next number is tested. If the test fails
ten consecutive times, tiie new number replaces the old number used for the comparisons.
The purpose of this is to remove one TD reading which Is off from the rest for some reasor..
but to be able to recover if there is a gap in the data because the data collection system
was stopped briefly .

Other data checks include a provision to defeat the TD comparator on the first call
to DBREAD. An offset may be added to the time differences if desired for analysis of tracking
errors. When an end-of-fils condition is detected on the input, the GRI count and the time
differences are set to zero.

Care should be exercised if this program is modified since this program depends on
values from previous calls to determine if any error conditions exist. For this reason, some
variables in the program are initialized in a DATA statement and some are initialized in a
arithmetic statement,

V. SUBPROGRAM TDPOS

Subprogram TDPOS is a subroutine which converts two time difference numbers to
latitude and longitude. This program is @ modification of an interactive progrum2 already
developed for TD conversion”. A listing of this program is given in Appendix IV. This
program requires that the two TD numbers and the dead-reckoned position be included in the
argument list each time it is called. The dead-reckoned position has been discussed briefly
in the last section. The further off the dead-reckoned position is from the actual position,
the more iterations are necessary to obtain a solution. If the dead-reckoned position is too

far off, the calculations may diverge and result in no solution. The number of iterations is kept,

ond an error condition is noted if the number of iterations becomes too great, Any error
conditions are returned in the IERROR argument. IERROR is positive for no error and negative
if an error occurs. The computed position is returned in t.e argument POS.

The chain constants required by TDPOS are provided in a separate BLOCK DATA file.
An example is given in Appendix V. Each such file contains the necessary chain data for
the master and two sclected secandary stations along with the semi-major and semi=-minor radii
of the earth.

Vi. RANGE/AZIMUTH SUBPROGRAM

Subprogram RNGAZ is used to obtain the geodesic arc length and the kearing angle
from a given position to a reference position. This program is based on gn arc-length compu-
tational method used to calculate predicted Loran=C time differences”. A complete listing
may be found in Appendix VI. The arc length is computed on a reference ellipsoid. This
procedure incorporates similar corrections used forLoran=C; i.e., basic shape of the
ellipsoid and propagation constants.
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Double precision arithmetic is used in this subprogram to maintain accuracy at
short arc-lengths. It was found in testing a similar program written in single-precision,
that when the arc length was less than several miles, thot some of the intermediate results
suffered severely from round=off errors. As a result, underflow and overflow problems
occurred when the program was run. With the double=-precision method, it has been found
that no such problems occur and the results are sufficiently accurate at arc=lengths down to
one-half mile.

The results returned by this subprogram are in nautical miles for the arc~length
and degrees for the bearing. If desired, other units may be easily obtained. Input to this
program is the lafitude and longitude in decimal degrees.

Vil. PLOTTING

Plotting the results of a test flight provides a quick means of analyzing visually
the data obtained rather than relying on the printed listing, The listing may be used for
accurate point-by-point evaluation, if desired. This section will briefly discuss how the data
reduction programs may be used for plotting the data. The plotting routines used in this case
are contained in the standard Calcomp plotting package available to FORTRAN users. An
example of a FORTRAN=1V program using thr range/angle information as input is shown in
Appendix VII. A typical plot is shown in Figure 7. The plotting package is quite flexible
and allows the user to write a plotting program to satisfy the requirements of the job at
hand.

The data reduction programs can produce one or more compact data files which may
be used as input for a plotter program. These files usually will only contain the computed
latitude and longitude or the range and bearing. Thus these files may be considerably
smaller in size than files used to produce them, This makes them eusier to store and allow
a number of plots on different scales to be produced using the same input file.

VIll. SUMMARY

The data reduction programs consist of several separate programs used for reading
Loran data and producing more usable information. The tape reader program may be used
separately to obtain formatted time difference numbers. The remaining programs convert the
time differences to latitude/longitude and produce plotter input files. These programs have
been written so that they may be modified easily to meet the demands of a particular data
reduction job.

IX. ACKNOWLEDGEMENTS

These programs were written a3 an aid to flight test work using Loran=C navigation
methods in general aviation. This work is being supported by NASA Grant NGR 36-009-017,
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APPENDIX I Listing for the Tape Reader progras.
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PILE: TAPONF

ASSENBIE C

OHIO ONIVERSITY AVIONICS ENGINBERING CENTER

TITLE 'TAPONF - UNPORMAT PROGRAN POR LORAN-C DATA RECORDED ON «TAP00010

TAPE. !

PRINT ON,GEN,NODATA

SPACE 2
EBSEEE VR RS R RR LB R R SRS AR SRS BE R PO ERERBREEEPEE AE S S S EE S ES 0SS SE S S
* L
* *
* L
. THIS PROGRAN IS DESIGNED TO READ IN LORAN DATA RECORDED .
. ON MAGNETIC TAPE. IT RENOVES THE TD NASKS AND CHANGES .
* TRE DATA PROM PACKED TO ZONED (EBCDIC). THE ZONED .
. DATA MAY THEN BE STORED ON DISK, USING THE PILEID .
. SPECIPTPD, AND/IR MAY BE STORED ON ANOTHER TAPE. *
* LORAN EVENT MARKS ARE RENOVED AND STORED ON DISK .
* WITH THE PTLEID '(PN) EVENTS C1,° *
L *
*
* ®
EEEESEBRES Rk AR K REEK K AR A KR SR RS R ER R RERE L E AR RER SR REEK R EEEPEE R EEE R AL &S

SPACE 3

LCLA &RECLNG DESIRED TAPE LENGTH
SRECLNG SRTA 250
TAPURF  START X'20000° op

USING TAPOUNP,12 Op '5'14:4

LR 12,15 005 Ry

LA 1,8(,1) POINT PAST NANE QO(/G@

CLI  0(1),X PP NOTHIRG SPECTPIED? 4¢)£9

B®  CNDERROR IP SO, THEN ERROR

CLT  0(1),C*( OPTINNS DELINITER?

BNE 48 SEE IP NODISK SPECIFIED,

B NODISKTS SEE IP IT'S NODISK
. IF NOT, THEN ERROR

CLT  B(1),X'PP SEE IF THERE IS A PILETYPE

BE  CMDERROR IF NOT, THEN ERROR

CLT  A(1),C'(’ OPTIONS ?

BNE  #¢12 YES, CHECE FOR NODISK

LA 1,8(, 1 POINT TO OPTION (?)

B NODTSKTS CHECK POR ™NODISK®

CLI  16(1),X'PP'  CHECK POR PILENODE LETTER

BE  POTINA IF NONE, THEN SUBSTITOTE mAn

CLT  16(1),C'(" OPTIONS?

BE  PMTINA NOVE IN DISK "A®

MVC  DISKNAME+B(18),0(1) CONPLETE ID, NOVE TO PSCB

MYC  EVNTCTL+B8(8),0(1) PN FOR EVENTS |

MYT  DISKNAME¢25,C' ¥  STICK IN ADDITIONAL SPACE

LA 1,24¢(,1) LOOK AT BEGINNING OF OPTIONS

B 9PTCHECK NOW CHECK POR MODI PIERS

SPATE
PUTINA  MVC  DISKNAME+8(16),0(1) NOVE IN PARTIAL ID

HVC  EVHTCTL+8(8),0(1) PN FOR EVENTS

MYI  DISKNAME+24,C'A'  MOVE IN "A"™

MVI  DTSKNAME+25,C' '  NOVE IN SPACE

LA 1,16(,1) LOOK AT OPTIONS

SPACE
OPTCHECK CLI  0(1),C*(’ SEE IF THERE IS OPTION DELIN.
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TAP00030
TAP00O04K0
TAP000SO
TAP00060
TAP0O0O070
TAP00080
TAP0O0N90
TAPOO 00
TAP"' 10
TAPOO 120
TAP0OO130
TAPOO 130
TAPOO 150
TAPOO 160
TAP0O 170
TAPOO 180
TAPOO 190
TAP00 200
TAP00210
TAP00 220
TAP00 230
TAP00230
TAPOO 250
TAPO0O 260
TAP00270
TAPOO 280
TAPGO 290
TAPOO300
TAPOO310
TAP0O 320
TAPOO0330
TAP0O0340
TAPOO 350
TAP00360
TAPOO 370
TAPOO 380
TAP0O 390
TAP00400
TAP0OO&10
TAP00&20
TAP0OOS30
TAPOO &40
TAP00 450
TAP00J60
TAPO00&70
TAPOO 480
TAP0OGIO
TAPOO0S500
TAP0OS10
TAP00S520
TAP00S30
TAP0OOS40
TAP0O 550
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PILE: TAPUNF  ASSEMBLE > OHIO UNIVERSITY AVIONICS BNGINEERING CENTER
BNE  BEGINEX NO, BEGIN NAIN ETECUTION TAP00 560

LA 1,8¢(, 1) MOVE PAST OPEN PAREN. TAP00 570

SPACE 2 TAP00S80
CEEEREESVEREE RS R SRR S S RE L ACES H SRR R QSRS E S O S S0 0SS RSO S SO N0 E CCRESS TAP00590
. & TAP00600
* THE OPTIONS ALLOWED BY THIS PROGRAN ARE: "IN" 70 ® TAP00610
. CHANGE THE TAPR IN VADDR PRON THE DEFAULT 181 TO ANOTHEE; & TAP00620
. nOUT™ TO CHANGE THE TAPE OUT VADDR PROM THE DEPAULT ¢ TAP00630
. 182 TO ANOTHER; "NODISK" TO SUPPRESS WRITING THE CONVERTED & TAP0OOGRO
* DATA ONTO A DISX BUPPER, THIS OPTION NAY ONLY BE USED IP * TAP006SO
. nmADE" TS SPPRCIFIED, RVENTS MARKS ARE STILL WRITTEN: & TAP00660
* "TAPE" TO DUMP THE CONVERTED DATA ONTO TAPE AT ADDRESS * TAP00670
. 182 OR T™HP NODIFIED ADDRESS. s TAP00680
. * TAP00690
SRR R GRS REE SR E R FRE X BASE NSRS RE L ERE R EEEREEEEEE SRS E LS GO SSRGS RERE S TAPOO 700
SPACE 2 TAP00710

OPTLOOP CLT 0(1),X*FP? NOTHING THERE? TAP0O 720
BE BEGINEX IP NOT, NO OPTIONS; RUN NAIN PROG. TAP00 730

CLI 0(1),C*)? CLOSING PAREN.? TAPOO 780

B® BPGINPX IP YES, START EXECUTION TAPOO 750

CLc 0(8,1),0PTIN SER IP "IN® WAS SPECIPIED TAP00 760

BE MYTPINAD YES, MODIPY TAPE-IN VADDR TAROO 770

CLC  0(8,1) ,0PTOUT SEE IF "OUT" SPECIPIED TAP0O 780

BE MV TPIOTD YES, GO MODIPY TAPE-ONT VADDR TAP00790

CLC  0(8,1) ,0PTNDSK SEE IP "NODISK™ SPECIFIED TAP00800

B® NODSKPRC SET PLAG SO WRITING TO DISK TAP00S10

CLC  0(8,1) ,0PPTAPE SEE IPF SECOND TAPE TO USE TAP00820

BY SETTPPL IP YBS, SET PLAS TO INDICATE SUCH TAP00830

SoACE ~ TAP00S840
EEEEEEREER R X REA L ERR R SRR KR RSB KA RS R AR EBEE R SRS EE R SRR E SRR R SE S SR AEREEE Kk TAP00S8S0
* * TAP00860
* ONLY FOUR OPTIONS ALLOWED, IP THE OPTIONS & TAP0OOB70
* SPECIPIED PAILED THE ABOVE TESTS, THEN * TAP00880
. WRITE AN BRROR NESSAGE AND LEAVE. & TAP00890
* * TAP00900
EERREE RS EE R ET AR R K REREXERER KR ERRESEEEE S ERRERERRBER KR EAS S SRS EE S S SEEEEEeEn S TAP0OO910
SPACE TAP00920

LR 2,1 USE 2 SINCE GPR? TS BOMBED TAP00930

LINZDIT TEXT='DNSTPUOOTR INVALID OPTION ''....o...''?, ¢TAP00950
SUB=(CHARA, (2) ) ,RENT=NO,DOT=NO,DI SP=ERRNSG TAP00 950

LA 15,20 ERROR LEVEL 20 TAP00960

BR 14 RETORN TO CHS TAP00970

SPACE 2 TAP00980

MYTPINAD CLT  A(1),C'0" SEE IP VADDR CRANGE IS IN TAP00990
* NTNERIC OR CHARACTER PORMAT TAP01000
BL myrcy IF CHARACTER, BRANCH TAP0 1010

. NUST BE NOMERIC *AP01020
MYC  DNS0087A-4+1(3),8(1) NOVE IN VADDR TAPO 1030

MVT DMSO0087A-%,C'0° INNSERT ZERO TAP0 1080

MVC  DMSO115A-16+1(3),8(1) CHANGE VADDR TAPO1050

MVT  DMSO115A-16,C*0" INSERT ZERO TAPD 1060

LA 1,16(, 1) POYNT TO NEXT OPTION TAP01070

B OPTLOOP CHECK POR WORE TAPO 1080

SPACE TAP01090

NVTCH MVC  DHMSO087A-4 (4),8(1) CHANGE VADDR FOR TAPE IN TAPO1100

-16~=
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FILE: TAPONF

NVYTPOUTD

N VTCROUT

NODSKPRC

SETTPFL

NODISKTS

C NDERROR

BEGINEX

AvVC
LA

B
SPACE
CLI
BL
NVC
RVI
LA

B
SPACE
RvC
LA

B
SPACE
oI

LA

B
SPACE
or

LA

B
SPACE
(¢) 4

B
SPATE

ASSENBLE C

OHIO UNIVERSITY AVIONICS ENGINEERING CENTER

DHSO115A-16 (4) ,8(1) CHANGF VADDR POR TAPE CONRAWD

1,16(,1)
OPTLOOP
2
8(1),cr0°
MV TCHOUT

DNS0202A-8+1(3),8 (1)
DNS0202A~4,C 0"

1,16(, 1)
OPTLOOP

DMS0202A-8 (4) ,8 (1)

1,16(, 1)
OPTLOOP
2
PLAGS, 1
1,8(,1)
OPTLDOP
2
PLAGS, 4
1,8(,1)
OPTLOOP
2
PLAGS, 2
OPTCHECK
2

POINRT TO WEXT OPTION (IP ANY)
CHECK POR MORE

SFE IP NUNERIC OR CHAR.

IP CHAR., BRAMCH DOWN
CHAARGE VADDR

INSERT ZERO

POINT TO NEXT OPTION

CHECK POR NORE

CHANGE VADDR POR TAPE 0U?T
POINT TO NEXT OPTION (IF ANY)
CHECK FOR HORE

SET PLAG SO NO DISK WRITING
POINT TO NEXT OPTION (IP ANY)

SET TAPE PLAG
POINT TO NWEXT OPTION

SET NO PILRID BIT

LINEDIT TEXT=*'DMSTPUOO2FP INCOMPLETE FILEID SPECIPIED.®,
DOT=NO, RENT=NO, DISP=ERRNSG

LA

BR
SPACFE
™
BNO
T™

BO
SPACE

LINEDIT TEXT='DMSTPUOOSE NO FILEBID SPECIFIED, USE NODISK.?Y,

LA
BR
SPACE

15,24
14

2
PLAGS, 2
RD YRON
FL AGS, !
RDYRIN

ERROR LEVEL 24
RPTNRN TO CHS

CHECK THE NO-ID BIT

IP SET THEN NODISK BIT NUST BE SET
SEE IPF IT IS

IP SEBT, OK

DI SP=RRRMSG, DOT=NO,RENT=NO

15,4
14
2

ERROR LEVEL &
RETURN TO CHS

ERREEEEEEER KK XERE EEE A RS XA ERXEEEEEEE EURRE EREE RS AR XK QKR KR EREE SRR SRR SRS

*
*
*
*
*
*
*
*
*
x
*
*
*

A TAPE RECORD IS READ IN AND ANY ERRORS ARE CHECKED. 1IP

AN ®"EOT" IS DETECTED, THE PROGRAR WRITES THE INFORNATIONAL

MESSAGES AND LEAVES, IF A PERBANENT I/0 ERROR IS DETECTED,

THE BAD RECORD IS SKIPPED OVER AND THE NEXT RECORD IS TRYED.

AFTER THE RECORD IS READ IN, THE TDA MASK IS SEARCHED PFOR,
AND WHEN FOUNWD,

BACKSPACED TO THE PIRSTY BYTE OF THE GBRI.
CHECKS ARE NADE TO BE SURE TEN BYTES ARE TRERE, IF NOT, THE

LR B 2R 2N BB BN I

MISSING BYTES ARE OBTAINED PRON THE PREVIOUS RFCORD, OR ADDED*
THEN THE TEN BYTES OF DATA ARE CONVERTED=*

TO THE NEXT RFCORD.
TO EBCDIC AND STORED,

ORIGINAL PAGE IS

-17- OF POOR QUALITY

&
*

REEEEEEER XA KL R KRR R K REE R RN KRR R R EKAEES R ERREREE SR CE LR AR R RS E SEE KRGS K KR

TAPOT110
TAPO1120
TAPO1130
TAPO1 180
TAPO1 150
TAPO 1160
TAPO1170
TAPOY 180
TAPO 1190
TAP01200
TAPO1210
TAP0 1220
TAPO1230
TAPO1250
TAPO 1250
TAP0 1260
TAPO1270
TAPO 1280
TAPO 1290
TAPO1300
TAPO1370
TAPO 1320
TAPO1330
TAPO 1340
TAPO 1350
TAPO1360

$TAPO1370

TAPO 1380
TAPO1390
TAPO 1800
TAPO 1810
TAPO 1820
TAPO1830
TAPO 18480
TAPO 1450
TAPO1460

*TAPO14870

TAPO 18480
TAPO14890
TAPO1500
TAPO 1510
TAPO1520
TAPO 1530
TAPO 1540
TAPO 1550
TAP01560
TAPO 1570
TAPO 1580
TAPO1590
TAP01600
TAPO 1610
TAP0 1620
TAPO1630
TAPO 1640
TAPD 1650
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FILE: TAPONF ASSEMBLE T ORIO UNIVERSYTY AVIONICS BNGINEERING CENTER

SPACE 2 TAPO 1660

RDYRON  SLR 7,7 CLBAR GPR7 TAP0O 1670
LA 6, DATACNYT SET TO START OF CONVERSION AREA TAPO 1680

LA 8, DSKBP INITIALIZE GPRS TAPO 1690

LA 9, TPOUTRP INITIALIZE GPRY TAPO 1700

LA 5, TPINBP SPT ADDRESS OP START OF TAPE BUPPER TAPOY 710

TPREAD RDTAPR TPINBP,ERPCLNG READ A RECORD PRON TAPE TAPO1720
LTR 15,15 CHECK THE RETORN CODE TAPO 1730

BZ TPCONT IP ZBRO, START BYTE NOVE OPERATION TAPO 780

STH 15,E15RR STORE RETURN CODE POR TESTING TAPO 1750

cLY E15RR+1,2 SPE IF ROT DETRCTFED TAPO 1760

BR EOT YES, WRAP UP OPERATION TAPO1770

CLI R1SRR+ 1,3 SEE IF I/0 FERROR TAP01780

BE TRYASAIN IF NOT, CAN'T CONTINOE TAPO 1790

LR 2,15 SAVE RETURN CODE TAPO1800

LIN?DIT TEXT='DMSTUPO10E ERROR ON READING TAPE.', $PAPO1810

DT SP=ERRMSG, DOT=NO ,RENT=NO TAP0 1820

LR 15,2 GET RETURN CODE BACK... TAP0 1830

BR 18 e+« AND RETORN TO CHS TAPO1840

SPACE 2 TAP0O1850

TRYAGAIN TAPRCTL PSR SKIP OVER BAD RECORD ?AP0 1860
AP TPERRNBR(2),PONE ADD ONE TO ERROR COUNP TAPO 1870

B TPREAD TRY TO READ ANOTHER RECORD TAPO1880

SPACE 2 TAPO 1890

TPCONT LTR 7,7 TEST T0 SEE IP PILL ON LEPT TAP0 1900
BZ NOPILL IF ZBRO, NO PTLL RPEQUIRED TAPY 1510

PILL MvCe  0(1,6),0(5) MOVE A BYTE TO CONVERT AREA TAPU 1920
LA 6, 1(, 6) NEXT LOCATION IN CONVERT TAP01930

LA 5, 1(,5) NEXT LOCATYION TO BR MOVED TAPOY Y30

BCTR 17,0 ONE LESS TO DO TAFO1950

LTR 7,7 SER IP IT IS ZBRO TAPO 1960

BZ CONVHER YBS, COMPLETE PYBLD, SO CONVERT TAP0 1970

B FILL OTHERVWISE, DO IT AGAIN TAPO1980

SPACE TAP0 1990

NOPILL LA 3,10¢,5) LOAD TEN LOCATIONS DOWN... TAP02000
CL 3, TPBFPEND ««+«AND SER IP OUT-OP-BOUNDS TAPD2010

BNH NOEND IF SHALLER, THEN OK TAP02020

LA 7,10 T®N BYTE COUNT TAPD2030

DROPRT NVC 0(1,6),0(5) MOVE IN A BYTE TAP02040
LA 5,1(,5) INCRENENT S TLP0205S0

LA 6, 1(,6) INCRENENT 6 TAP02060

BCTR 7,0 DECREMENT 7 TAP02070

CcL 5, TPBPRND SFE TP AT EDGE YET TAP02080

BNP  DROPRT NO, CONTINUE MOVING TAP02090

LA 5, TPINBP BACK TO BEGINNING TAP02100

! B TPREAD READ ANOTHER RECORD TAPO2110
1 SPACE TAP02120
NOEND SLR 3,1 CLEAR 3 AGAIN TAP02130
IC 3,0¢,5) LOAD IN A BYTE TAPO2 1540

SRL 3,4 GET RID OF LOWER POUR BITS TAP02150

CH 3, AMASK SEE IP TDA MASK IS THERE TAP02160

B® PA YES, POUND IT TAPD2170

LA 5, 1(,5) NO, TRY NEXT BYTE TAP02 180

CL 5,TPBFEND AT END OF RECORD? TAPO2190

BP TPREAD-4 YES, GET ANOTHER RECORD TAP02200




*ILE: T

ASSEMBLE C OHIO UNIVERSITY AVIONICS BNGINEERING CENTER|
.
B NOEND+2 GO THROUGH LOOP AGAIN TAP02210
SPACE TAP02220
SL s, P4 POINT TO GRI FIELD TAP02230 |
AVC 0(10,6),0(5) MOVP THR PIPLD TO CONVERT AREA TAPO2280 : |
LA 6,DATACNVT+10 DO THIS POR TEST LATER ON TAP02250 - |
LA 5,10(,5) NEXT PIELD TO BE NOVED TAPO 2260
SPACP 2 TAP02270
EEEBPEERRER R LB R ERE S EERE ERR RS AR A ERE CRBE S SEBELE S RS SER SRR EECESESECEE SN TAP02280 ;
* ¢ TAP02290
* CONVERSION IS DONE ONE BYTE AT A TINRE. THP BYTES s TAP02300
* ARE CHECKED TO BE SURE THEY ARE IN THE RANGE OP * PAP02310 ]
* ZERO THROU3H NINF, INCLUSIVE. IP THEY ARE NOT?, TRE & TAP02320 |
* ENTIRE DATA RECOIRD IS REJECTED. s TAP02330
. * TAP02380 |
EEREREEEEE AR AR SR FER N KES AR REE KRR S RERNE R SR A AR EE S R RS NG KGR 2SS ESEResesss PAPO2 350 f
SPACE 2 TAP02360
CONVARB CL 6, DATACNVE AT PND OP CONVERT BUPPER TAP02370
BNF  BADRECRD IP NOT, BAD RECORD DETECTED TAP02380
LA 6, DATACNYT POINT TO BEGINNING TAP02390
3,4(,6) TEST FOR TDA NASK TAP02800
SRL 13,8 STRIP OPP LOWER BITS TAPO2810
cH 3, AMASK IS "Aw? TAPO 2420
BNE  BADRECRD NO, ERROR TAPO2830
 {d 3,7(,6) TEST POR TDB MASK TAPDO24830
SRT 3,4 STRIP OPP LOWRR BITS TAP024S0
cH 3, BAASK TS ®Bn? TAP02460
BNE  BADRECRD NO, RRROR TAPD2470
NI 4(6),X?0F" STRIP OP? TDA NASK TAPD2480
NT 7(6),X10P? STRIP OPP TDB NASK TAP02490
SOACE TAP02500
LA 10,CON VERT START AT BEGINNING TAPO2510 |
CVZONE IC  3,0(,6) GET A BYTE TAP02520 !
SRL 3,8 SHIPT OPP LOKER POUR BITS TAP02530
CH 3, HO SEE IP NUNBER LESS THAN "O" TAP02540
BM BADRECRD IF YBS, REJECT RECORD TAP02550 :
CH 3, H9 SRE IP NUMBER GREATER THAN "9w TAP02560 ;
BH BADRECRD IP YES, REJECT RECORD TAPO2570
0 3, ZONEMASK ADD THE ZONE MASK TAP0O2S80 .
STC  3,0(, 10) AND PLACF IN CONVERT BUPFER TAP02590 |
LA 10,1(,10) NEXT BYTR IN BOFPER TAP02600 |
Ic 3,0(,6) GET THF SAME CHARACTER TAP02610
N 3, STRIPU4 STRIP OPP THE UPPER PQUR BITS TAPD2620
CH 3, HO CHECK IP VALID TAP02630
' BM BADRECRD REJECT RECORD IP NOT TAPO2640 |
CH 3,89 CHECK IP VALID TAP02650 :
! BH BADRECRD REJECT IP NOT TAP02660 |
: 0 3, ZONENASK ADD THE ZONE NASK TAP02670
sTc  3,0(,10) STORE IN BUFPER TAP02680
LA 10,1(, 10) NEXT BYTE TAP02690
LA 6,1(,6) NEXT BYTE TO BE DGNE TAPO2 700
CL 6, DATACNVE SEE IF DONE TAP02710
BNP  CVZONE NO, CONTINUE THIS LOOP TAP02720
LA 6, DATACNVT LOAD GPR6 TAP02730
SPACE TAP02730
™ DATACNVT,X'PP? CHECK IF PIRST NUNBER IS ZERO TAP02750
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¥{LE: TAPIONF ASSEMBLE T ORIO UNIVERSITY AVIONICS ENGINBERING CB'TBB?

B7 SERDNSK TP 2BRO, NO EVENT ENTERED T4P02760

PSVRITE PSCB=BYNTCTL PUT EVENT ON DISK rAP02770

LTR 15,15 CHECK THE RETURN CODE TAP02780

B2 NCPILL IP ZERO, DO NEXT RECORD TAP02790

SPACE TAP02800

LR 2,15 SAVE RETURN CODE TAP02810

LINEDIT TEXT='DNSTPUO21E BRROR ON WRITING TO °''LORAN BVYENTS C1sTAP02820

*11,DISP=FRANSG, DOT=NO, RENT=NO TAP02830

LR 15,2 GET RETURN CODE BACK TAP026A0
RR 14 AND RETURN TO CNS TAP02050 |
SPACE 2 TAP02860 |

SEREER R SRR RS KSR K ARG E RSN S EE S SO SESEE O E SR SO SRS E SR 0¢RC S S 0SSE SRS 2A90207o

. & TAPO2880
. THE WRITING TO DISK AND/OR TAPE IS DONE HERE. THE * TAP02890
. FORWATS USED ARE POR DYSK: RECPN = P, LRECL = 80, ¢ TAP02900 |

* BLESIZE = 30. FOR TAPE: RECPM = O, BLKSIZE = 800. & TAP02910
* * TAP02920 |

RGO EE R R EE EXB ERE R ENEEERE RS R REEE NS SECEE S CECEEE S EEERE SRS S S GG S SEEEE S f[pozg]ﬂ

SPACE 2 TAP02940

SEEDSK TN FLAGS, 1 SEE IP WRITING 70 DISK TAP02950

BO SEETP IP NOT, CHECK FOR TAPE TAP02960

MVe  0(20,8),CONVERT MOVE THE NUNBER TO DISK BUPPER TAP02970

LA 8,20(, 8) NEXT PIELD AREA TAP02980

CcL 3, DSKBFZND CHECK IP BUPPER IS PULL TAP02990

BL SEETP IF NOT, GO ON TAP0 3000

LA 8, DSKBF RE- INITIALIZE GPRS TAPO3010

PSVRITE PSCB=DISKNAME WRITE TO DISK TAP03020

LTR 15,15 CHECK RETURN CODE TAP03030

BZ SERETP IF ZFRO, GO OWN TAP030430

SPACE TAP03 050

LR 2,15 SAYE RETORN CODE TAP03060

LINEDIT TRXT='DN¥STPUO20E ERROR ON WRBITING TO ''.ccceceec osceces *TAP03070
ee "' ,50B= (CHARA,DISKNANE+8,CHARA ,DISKNANR¢16,CHARA,DISK*TAPO3080

NAME+24) ,DTSP=ERRNSG,DOT=NO,RENT=NO TAP03090

LR 15,2 GET RETURN CODE BACK TAPO 3100

BR 14 RETORN TO CHNS TAPO3110

SPACE 2 TAPO3120

SEETP ™ FLAGS, 4 CHECK IF TAPE BEING USED TAP03130

B2 NOPILIL TAPO3 140

Nve 0¢20,9) ,CONVERT MOVE DIGITS TO TAPE BOFPER TAPO3 150

LA 9,20(,9) POINT TO NEXT PIELD TAPO3 160

CL 9, TPOUTEND SE® IF BOFPER POLL TAPO3170

BNH NOPTLL IF NOT, PROCESS ANOTHER FIELD TAP03180

! LA 9, TPOUTBF POTNT BACK TO BEGINNING TAPO3 190
| WRTAPP (9),800,182 DUIMP BUPFER TO TAPE TAP03200
! LTR 15,15 CHECK RETURN CODE FROM DONP TAP03210
‘ BZ NOFPILL IF ZERO, PROCESS ANOTHER RECORD TAP03220
LR 2,158 SAVE RETURN CODE TAP03230

SPACE TAP03280

LINPDIT TRXT='DNSTPU022E ERRROR ON WRITING TO TAPE.°*', ¢TAPD 3250
DISP=FRRRMSG,DOT=NO, RENT=NO TAPC 3260

SPACE TAP0 3270

LR 15,2 GET RETURN CODE BACK TAP03280

BR 14 GO TO CAs TAP03290

SPACE 3 TAP03300




e - -

TILE:

BADRECRD

TAPUNY

LA

AP

8
SPACE

ASSPNBLE °

6, DATACNVT POINT TO BEGINNING OF CORVER?
RECERROR(2) ,PONE ADD ONE TO ERROR COURT
NOPILL TRY NEXT PIELD

2

FREREEE AR LR KRR R R SRR SRS ES RSN SR SN S ERREEBRS S SRS S50 S0 RS OOSS RGN SS S

*
[ ]
*
*
*
*
L

rOoT

OPTIN
oPTOoaT
OPTNDSK
OPTTAPE
b L)
ZONENASK
STRIPUS
DATACHVE
TPBPFEND
NSKBFEND
TPOUTEND
DISKEANE
EVNTCTL
E15RR
HO

H9
ANASK
BNASK
FLAGS
CONVERT
TPINBF
TPOUTBP
DSKBF
DATACNVT

TPERRNBR
HRECERROR
PONE

THE PROGRAN COMES HERE APTER READING A PILE MARK

ON THE TAPE,

THE COUNTS POR TAPE RECORDS SKIPPED

AND DATA RECORDS REJBCTED ARY UNPACKED AND DISPLAYED

ON THF TERMINAL.

THEN, CONTROL IS RETORNED TO CHS.

SEPRPERERRRR LR ESEL A RNELSERE P RER SR ERER S SO SR SE P SR SR EEESSESESESSEEE 08

SPACE 2

ONPX MSG1423(3) ,TPRRENBR (2) CHANGE TO EBCDIC
or MS5G1+¢25,X*P0' RENOVE SIGN

ONPRK NSG2¢2)3(3) ,RECERROR (2) CAANGE T0 EBCDIC
oI MSG2425,X'PO' RENOVE SIGN

WRTERY * ¢ CARRIAGE RETURN

WAITT

WRTERN MSGY, 26

WAITT

¥RTERM MSG2, 26

WAITT
SLR
BR
EJECT
DS
DC
DC
DC
pC
DC
DC
DC
DC
DC
DC
DC
PSCB
FSCB
DS
pC
DC
DC
pC
DpC
DS
DS
DS
DS
DC
DS
pC
bDC
neC

15,15 ZEZRO RETOURE CODE
14 BACK TO CHNS

0D
CLBYIN!

craronre

CLB*NODISK®

CLBYTAPE!

prge

HY0', X'00FN*

HY0',XY00DP?

ALY (DATACKVT+10)

AL4 (TPINEP +ERECLNG)

AL3 (DSKBF+80)

AL4 (TPOTUTBF+R00)

' *,RECFN=F,BUPFER=DSKBP,BSIZE=80

"LORAN BVENTS C1',RECPN=F, BUPPER=CONVRET,BSIZE=20
g9

X* 000A*
X10008"
X1 00°

21x
SRECLNG.X
800X

BOX

10¢*
10X
P.2%0 ¢
PL2'D*

pr 1

CRIGINAL PAGE 13
OF POOR QuatLrry

2]

¢
]
]
|
L J
L]
«

A

TAP03310
TAPG 3320
TAP03330
TAPD3 380
TAP0I 350
TAP03360
TAP03370
TAP03 380
TAP03390
TAPO3800
TAPO3IA10
TAPO 3820
TAPO3830
TAPO3INAO
TAPO 3RS0
TAP03860
TAPO3ATO
TAPOINLY
TAPD3890
TAP03IS00

TAPO3S10
TAP03520

TAP03S530
TAP0O3ISS0
TAP0 3550
TAP0 3560
TAP03570
TAP013580
TAP03590
TAPQ3600
TAP0O3610
TAP03620
TAP03630
TAP0I6RO
TAP03650
TAP03660
TAP03670
TAPD3680
TAP03690
TAP03 700
TAP03710
TAP03720
TAP03730
TAP03740
TAP03750
TAP0I 760
TAP03770
TAP03780
TAPD3790
TAP03800
TAPO3810
TAPO03820
TAP03B30
TAPOIB&O
TAP03850

§

ORIO UNIVBRSITY AVIONICS ENGINEBERING CEWTER

‘,,.~.,,w.,,m<‘.,

:
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FIL®: TAPONP

MSGY
NSG2

DcC
Lc
END

ASSENBLE C ORIO UNIVERSITY AVIONICS ENGINEERING CBUTI#
C*' TAPE RECORDS REJECTED: N TAP03860
C'DATA RECORDS RRJECTED: ' TAP03870
TAPUNP TAP0O3880




APPENDIX II Listing for the Supervisor progras.
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FILEZ LRMCMS FNaTRay 7 OHIN WNIVEPSITY AVIONICS ENRINEFRI“A CENTEF

NIMENSION TOS(2)ePNS(2)9IPIS(2)oFPOCI2Y4APOS(2) yMPOSH2) ¢SPOSH2) o DRILINTCILD

POSC2)
REAL®8 RLAT JRLCNGGPI
COMON/RNGPOS/RLATGRLNAN,
DATA PI/31418%G2655354979/
TIME=TeD)
HRIS=N.0
READ 34IDEGeMINGSECSINEGle 1INl eSEC]
DRPOSEIISTIDEGH(MINGSEC /5634760,
DRFOS(2)SIDFEGL+(M]II14SEC1/50e)/60
READ 2,4L0O0OPS
READ 1 +CRR
READ 3¢IDEGeMINGSEC4IIEG1e"IN1oSEC]
RLATSCINEG+(NMINSSFEC/E60)/760,)*P1/18N,
RLONGS(IDEGI+(MIN1«SEC1/6Ne)/60e)2PT 2170,
PRINT 9¢DRPOSeLOOFSeCRNGIDETeMINGSECOINEGL yMIN14SEC]
PRINT 8
CALL DRREAD(GRIZTDS)
IF(GRI«FEQe"a)B0TO 1CL
ICOUNT "
GUTD 14
1" DO 13 I=1,L0O0PS
CALL DJRREAD(GRISZTDS)
IF(GRISFEQeNa ) OTH 1L N
13 CONTINUE
ICOUNT=ICOUNT+]
14 GRII=GRI~GRI®
GRI$=GRI
TIME=TIME+GRII*CPR/3C (%0
CALL TOPUS(TCSePOSOR2ISeIFRRIP)
IFC(IERROR)1116110411C
112 D0 21 I=1,2
DRFOSC(IN=POS(])
IPOSHINI=POS(])
FPUSCI)I=POS(I)=IFOS(])
APNSHCINSFPOS(II®E0 60
MPUS(CI)=APOS(]I)
21 SPOS(CI)=(APOS(IN=MPOS([))*h" "
IHR=TIMZ
XMIN=(TIAE=IHRI*€ 0ol
MIN=XMIL.
SCS=(YMIN=MIN)*ED 4
CALL FPNSAZ(POSeRFHO9ALIM)

| "RNQON2C
LRINTNN3Y
LLRNGODGY
tLRNOOGSO
LPNT D60
LaNY00 70
LRNDOOI80
ILRNTO2C9N
1.2N0G170
"RNDC110
1.2NN01290
L RNDO0130
1.LANON 140
LRNON15D
ILeNO0G160
LRNRONLT70
LRNNDJ180
LRNCO190
LRNNG2N0
LRNDJ210
LeNNN2217
LRIN2C23M
LRN00 240
LeN2DR257
LRNCOD260
1L.eN23270
LAINNT 282
' RNJ029¢0
L IN21300
LRNOO0310
LRN0O0Z20
ILPN 2330
LRNONZ4Q
LPNODO 350
LRNJQ 36D
LONDO3TN
LPNAN3gH
LRNN2?297
LRNQ0D400
LRnNNN4l10
LPNDQ42ND
LPMN0OD430

PRINT SeICOUNToTNSo(I20S(I) e MPOS(IN¢SPNSHC.)9I=192)eRHOGAZIMGIHR ¢MILAINNNG4D

>NeSCS
WRITEC11e6)RHOGAZIM
5070 110
111 PRINT 74TDS
6oT0 19
110 STOP
FORMAT(F10e0)
FORMAT(14)
FORMAT(IGe1Xel241KeFHe2)

VY

21X)eF 44 1)

24~

LaAaNgr 30
LONQU460
LRNOR4T)
1.AIN30N480
LRNNQO490
LRNGASHD
LONONS510
LNp3S20
1LAINNISIN

FORMAT (1X 9T 508X 92 (F /el oK) e2(I491Xel?0 X0 5e29R¥)02(FBeheB8Y )92 (I24LRNQNS4N
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FILE: LR™CMS FORTRAN € OHIN UMNIVERSITY AVIONICS ENGINEERIMS CENTER
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APPENDIX III Listing for subprogram DBREAD.

T T ST T SN T ST 7 FIrT Py




PYLE: DAREAD  PORTRAN C OHIO UNIVERSTTY AVIONICS ENGIWEERING CENTER
SUBRONTINE DBREAD(GRI,TDS) DBR00O10
DIMENSTON TDS(2) ,IBNF(4,3), TDOLD (2) ,TDOF (2) DBR00 020
DATA TPASS/4/,TDOLD/0.,0./, TCALL/0/,TDOP/=2.,17./ DBR00030
NERR=0 DBRO0 0O

7 TP (IPASS.NE.4)30TO0 2 DBRO0OSO
READ (10,40, END=5) ({IBUF (I,.J) ,J=1,3) ,I=1,4) DBR00 060
IPASS=0 DBR00070

2 IPASS=TPASS+1 DBR0O008O
GRI=TRIP(IPASS, 1) DBR00090
IP(GRT.P0.0.)GRI=1, DBRNO 100
PO 11 T=1,2 DBROO 110

11 TDS(I)=IBUF (IPASS,I+1) +TDOP (I) DBROO 120
IP(ICALL)9, 10,9 DBROO 130

10 ICALL=1 DBROD 140
PO 12 I=1,2 DBROO 150

12 TPOLD (I)=TDS(T) DBR0OO 160

9 IF(ABS(TDOLD(1)~TDS (1)) .GT.5..0R.ABS(TDOLD (2) =TDS(2)) .GT.5.) GOTO13DBROO 170
DO 8 T=1,2 DBROO 780

8 TDOLN(T)=TDS(T) DBR00190
RETHRN DBR00 200

5 GRT=0.0 DBROO 210
DO 6 I=1,2 DBR00220

6 TDS(I)=0.0 DBR0O 230
RETURN DBROO 280

13 NERR=NZRR+1 DBR00250
TF (NRRR.LT. 10) GOTN? DBR0O0 260
NERR=0 DBR0OO 270
TCALL=0 DBR00 280
GoTO 7 DBR00 290
40 PORMAT (4(I8,16,16)) DBROO 300
END DBROO 310

T e e



APPENDIXY IV Listing for subprogras TDPOS.
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FYILE:

naa o

aao

- BEGIN TIME DIFFERENCE TO POSITION CONVERSYON,

124

126
128

7
8

9

TDPOS FORTRAN ¢

SOBROUT INE TDPDS (TH,POS,DRPOS, IERROR)

OHIO NMNIVERSITY AVIONICS ENGINEEBRING CENTER

TDP00O010

DIMENSYON TOSV (2),2SV(2),ANG(8),AD(8) ,DN(8),CS (8),POS (2),ZIND(2),PTDP00020
tWM(2),DEL(2),TDR(2) ,DRD(2) ,DRN(2),TH(2) ,A(11),B(11),C(11),D(11),E(TDPO0030
:11),°C(11),T™(2) ,BLEM (2) ,BEDEL (2) ,RADR (2) , BETA (2) ,0N3 (2) ,IND(2) , IDTNP 0000

tRD(2) ,DRPOS (2)

TNPOOO0S0
TDP00 060

DATA A1/24.0305/,A2/-0.40758/,A3/73.467768~3/,B1/0.510883/,B82/-0.01TDP00070
:1402/,83/0.001760/,RD/1.745329E-2/,RN/2.908882E-4/,RS/4.8081378-6/TDP0008SD

2y PI/3.141592/,A08/2.996912R2/

CONMON/CHAIND/DEL,AS5,A6,AD,DN,CS

DO 1 T=1,2
IDRD (I) =DRPOS(T)

DRD (I) =INRD (I)

DRM(I) = (DRPOS(T)~DRD(I)) %60.0
IERROR=1

A10= (AS*AS-A6%16) /(AS*AS5)
A18=1.0-A6/A5
ASO=(1.0+A14¢AT4%A14)

AS1= (A50-1.0)

AS2= (A14%A14) /2.0

A53=-151/2.0

AS54= (A14*K18) /16.0

A55= (A14*A14) /8.0

AS6=A14%*A14

AST=A56%1.26

ASB=AS6 /4.0

DO 128 R=1,8

IF (AD(K)) 124,126,126

ANG (K) =RD*AD(K) =RM* DM (K) RS *CS (K)
GO TO 128

ANG (K) =RD*AD(K) +RM*DM (K) +RS*CS (K)
CORTINNE

A12= (ANG (1) =ANG (5) ¢ ANG (2) ~ANG(6) )
A12=ABS (A12)

IF(A12-0.00001)7,7,8

A11=-1.0

GO TN 9

A11=1.0

APPROXIMAT® POSITIONS AND STATION COORDINATES.

E(1)=ANG (1)

E(2) =ANG {2)

CC (1) =ANG ()

CC (2) =A NG (4)
E(3)=SIN(E(1))

E(4) =CIS(R( 1))

E(5) =R (3) /% (4)

E(8) = (F (5)) *(1.0-A18)
A62=ATAN(R(R))

B (6) =SIN (A6 2)

TDOP00090
TDPOO 100
TDOPOO 110
TDP0O 120
TDPOO 130
TDPOO 140
TDPOO 150
TDPOO 160
TDPDOO 170
TDOP0O 180
TDP0O 190
TDP0O 200
TOP00210
TDP00 220
TDPOO 230
TDP00240
TDPOO 250
TDPOO 260
TDP0O0 270
TOP00280
TOP00 290
TDPOO 300
TDP00 310
TDP0OO 320
TDPOO 330
TDPOO 340
TDPOO IS0
TDPOO 360
TDP0O 370
TDP00380
TDP0O 390
TDPOO 400
TDPOOG 10
TDP0O0 420
TDPOO430
TDPOO&GO
TDPOO &S0
TDP0O0 460
TOPOO&T0O
TDPOO 480
TDP00490
TDOP00500
TDP00510
TDP00 520
TDP00 530
TDPOOS540
TDPOO550
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17

19

21

45

82
83

P e T TS

TDPOS FORTRAN C

B(7) =COS (A6 2)

CC (3) =SIN(CC(1))
CC (4) =COS (CC (1))
CC {5) =CC (3) /C ()
CC(8)=(CC(5))* (1.0-A14)
A62=ATAN(CC (8) )
CC (6) =SIN (A62)

CC (7) =COS (A62)
I=1

GO TO 500

B(9) =A3S

E(10) =AU
E(11)=A47

DO 17 J=1,11
A(J)=E(D)

B(J) =CC (J)
E(1)=ANG(5)

P(2) =ANG (6)

CC (1) =ANG (7)

CC (2) =ANG (8)
B(3)=SIN{E(1))
P(8) =COS (R (1))
E(5) =E(3) /7 (4)
E(8)=(E(S5)) *(1.0-314)
A62=ATAN (F (8))

B (6) =SIN(A62)
F(7) =COS (A6 2)
CC(3)=SIN(CC(1))
CC (4) =COS (CC(1))
CC (5) =CC(3) /CC (4)
CC(8) =(CC(5))*(1.0-A14)
A62=ATAN(CC (8) )
CC (6) =SIN (A62)

CC (7) =20S (A62)
I=2

GO TO 500

B (9) =A3S
E(10) =A 46

E(11) =247

Do 21 1=1,11
C(I=%(J)

D(J) =C< (J)

TH (1) =A (17) +A(11)
TH(2) =C (10) +C(11)
DO 85 M=1,2
BETA (M) =TM (N)
BEDEL (M) =BETA (M) +DEL (M)
BLEM (M) =BETA (M) ¢+ BEDEL (N)
IOSV (1) =99999
TQSV (2) =99999
ITER=0

OHIO UNIVERSITY AVIONICS ENGINEBRING CENTER

SDR=DRD (1) +DRM (1) +DRD(2) +DRM (2)

IP (SDR) 83,84,83
DO 30 K=1,2
TP (DRN (X)) 32,34, 134

TOP00560
TDP00S570
TOP0O0 580
TDP00590
TDP00600
TDP00610
TOP00620
TDP00630
TDP00 640
TDP00650
TDP00660
TDP00670
TDP00 680
TDP00690
TDP00 700
TDP00710
TDP00 720
TDP00 730
TDPOO 740
TDPOO 750
TDP00 760
TDPO0770
TDPOO 780
TDP00790
TDP00800
TDP0OS810
TDP00820
TDP00830
TDP00840
TDP00BS50
TDP00860
TDP00870
TDP0088O
TDP00890
TDP00900
TDP00910
TDP00920
TDP00930
TDP00940
TDPO09S0
TDP00960
TDP00970
TDP00980
TDP00990
TDP0 1000
TOP0O1010
TDP0 1020
TDPO1030
TDPO 1080
TDPO 1050
TDPO 1060
TDPO 1070
TDPO1080
TDPO1090
TDPO 1100

A




65

THhPOS FORTRAN C

RADR (¥) =RD*DRD (K) ~RN*DRN (K)
GO TO 30
RADR(K) =RD*DRD (K) +RN*DRA (X)
CONTINNE

E (1) =RADR (1)
B(2)=RADR(2)
A28==-1.0
E(3)=SIN(P (1))
B (4) =COS(F( 1))
B(S)="(3) /F (4)
P (8)= (B (5)) *(1.0-A10)
A62=ATAN(E(8))
E(6) =SIN(A6?)

B (7)=CNS (A62)
DO 86 \,=1'8

cC (3) = (J)

I=3

GO TO 500
C1=A35

C2=A44

CI=A4S

C101=247

Do 92 1=1,8

CC (J) =2 {J)

I=4

GO T0 500
C4=A35

CS=A44

C6=A4S5

C104=A4"7

DO 50 1=1,8

CC (J) =B (J)

I=5

GO T0 500
C7=A3%

C8=A4Y

C9=A45

C107=247
IP(A11) 52,99,53
c10=C?

C11=CR

Cc12=C9
c110=Cc107

DO 63 J=1,8
CC(J) =A (J)

I=6

GO To 500
C7=A35

C8=A44

C9=AU4S

C107=A47
C13=TH(2)'?(19)‘C(11)‘C1016C10“‘DEL(2’
C17=C 13 #*p4
C18=TH (1) =A (1) -A(11)-C110+C107-DEL (1)
C22=C18 *A4

=31-

OHIO UNIVERSITY AVIONICS ENGINEERING CELNTER

TDPO1110
TDPO 1120
TDPO1 130
TDPO1 180
TOPO 1150
TDPOV 160
TDPOY 170
TDPO 1 180
TDPOY 190
TDPO 1200
TDPO 1210
TDPO1220
TDPO1230
TDPO 1280
TDPO0 1250
TDPO 1260
TDPO 1270
TDPO 1280
TDPO 1290
TDPO 1300
TOP01310
TDPO1320
TDPO 1330
TDPO 13480
TDPO1 350
TDOPO 1360
TDPO 1370
TDPO1380
TOPO 1390
TDPO 14800
TDPO1310
TDPO 1820
TDPO1430
TDPO 1840
TDPO 14350
TDPO 1860
TDPO 1370
TDP01480
TDPO 1490
TDPO 1500
TDPO1S10
TDPO 1520
TDPO 1530
TDPO1580
TDPO 1550
TDPO 1560
TDPO1570
TDPO 1580
TDPO 1590
TDPO 1600
TDPO1610
TDP0 1620
TDP0O1630
TDPO1640
TDPO 1650
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PTLR: ThPOS PORTRAN C OHIO TUNIVERSITY AVIONICS ENGINEERING CENTER
C23=C1-C17 TDP01660
C24=Cy TDP0 1670
C25=C7+C22 *DP0 1680
C26=C1) TDPO1690
C27=((C2=C5)*(C25-C26) ¢ (C23-C24) *(C11-C8)) TDPO 1700

C29= ( (C2-C5)*(C12-C9) +(CI-C6) *(C8-C11)) TDPO1710
C30=C27/C29 TODP0O1720
C28=(C23-C24+¢C30%(C3I-C6))/(C5=C2) T™0P01730

GO TO 1130 TDP0 1780

52 C13=TH(2)-C(1))-C(11)-C101+C108-DRL (2) TDPO1750
C17=C13*A4 TDP0 1760
C18=TH(1)~A (10) =A(11) -C107+C104-DEL (1) T™oP01770

C22=C 18 %74 TO0P01 780
c23=Cc1-C17 TDP01790
C2u=Cy T0P0 1800
C25=C7-C2?2 TDPO1810
C27=(C2#%(C25-C24) +C21% (C5-CB8) +CB*C24~-CS5*C25) TDPO 1820

C29= (C2%(C6-CY) +C3* (CB-CS) +C5¢CI-C8*C6) TDPO1830
Cc30=C27/C29 TDPO 1840
C28=(C23-C24+C30*(C3-C6) )/ (C5-C2) TDPO 1850

130 C31=(AS*AU* (1,0-A10)) /(1.0-A108E (3) &7 (3)) **1.5 TDPO 1860
C32=(AS*AY4) /(1. 0=-AT10*E(3)*R(3)) #%0.5 TDP01870
C33=(C30/C3 1) TDPO 1880
C34=(-"28/(C3I2%%(4))) ™P0 1890
E(1)=2(1)+C33 TDP0 1900
E(2)=F(2)+C34 TDP01910
IP(A28) 132,99,134 TDP01920

132 228=1.0 TOP0 1930
GO TO 84 TDPO1940

C - TDPO 1950
C - CONVERSTON DONE, RETURN TO DISTANCE-BEARING ROUTINE. TDPO 1960
cC - TDP01970
900 IFP(TNSV (1) .NE.TWD(1))GO TO 7713 TDP01980
IP(XIQSV (2) . NR.THD(2))GO TO 7713 TOP0 1990
IP(ABS(QSV (1) -PWM(1)) .GT.0.1)GO TO 7713 TDOP02000
TP(ABS(QSV(2)-PWN(2)).GT.0.1)GO TO 7713 TDP02010
IDR(1)=IDR({1)*10 TDP02020

Do 839 1=1,2 TDP02030
ZIWD(TI) =TWD (1) TDP02040

839 POS(I)=ZTWD (I)+PWN(T)/60.0 TDP020S0
RETORYN TDP02060

c - TDP02070
C - CONTIN'E ITFRATIONS. TDP02080
c - TDP02090
7713 DO 7712 M=1,2 TDP02 100
DRD (™) =0.0 TODP02110

! DRM(Y)=0.0 TDP02 120
‘ QSV (M) =PNM (M) TDP02130
7712 IQSY (M) =TwWD (M) TDPO2 140
TTER=TTER+1 TDPO2 150
IF(ITER.LT. 100)GO TO 82 TDP02 160
IFRROR=-1 TDP02170
RETURN TDP02 180

138 ONG(1)=E(1) TDP02 190
OMG{2)=R(2) TDP02200

.”\‘\,&’.‘.Ta:q;-: s
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DO 4840 N=1,2

#=0NG (M) /RD

IWD(N) =W

PUD=IRD (M)

DED=§-FUD

EWN=DHD #60. 0

PRM (M) = ABS (EWN)

IP (PHM(M)-59,9995)4840,4810,4810
4810 PUN(N)=0.0

TP (IWD (M)) 4820, 8830, 4830
8820 TED(N)=THD (M) -1

GO TO 4840
4830 IWD (M) =IHD(M)+1
8830 CONTINUE

GO T0 900
c_
C = CALCULATION OF INVERSE VARIABLES.
c-
500 AS9=-CC (2)
A60=-E(2)
C35=A%59-A60

C36=ABS (C35)

IP (C36-PT) 501,502,502
502 A16=2.0*PT-C36

GO TO 505

501 A16=C36 ORIGINGL g,
505 IP (A16) 506,507, 506 T Dpem o
S07 A16=0.00000005 SR

506 A17=SIN (A16)
A18=CO0S (A16)
A19=F (6) *CC (6)
A20=F (7)%CC (7)
A21=R19+220%A18
A22=( (A17%CC(7)) *%2+(CC (6) *2 (7) ~B(6) #CC (7) *A18) ##2) #40, 5
A23=(R20%A17) /A 22
A204=1,0-A23*A23
A25=ARS TN (A 22)
A26=A25#%A25
A27=1.0 /122
A28=R21/A22
A29=A2U4*A24
A30=(R50%R25) + A 19% (A51%222-152%A26%A27)
A31=A24* (A5 I*A254A53%A22%A21+A52%A26%A28)
A32=219%A19% (-A52%A 21%)22) |
A33=A29% (ASU*A25¢A54%A21%R22-A52%126%A28-A55%A22% (A21%%3))
A3G=R19#A2U*(AS2*%A26*%A2T7+A52:A22 %12 18A21)
A35=(A30+#A31¢A324A33+A34) *A6*A4
A36= (AS1%A25) ¢ A 19% (=A52%A22-A14%A 135X 26512 7)
A37=A20 % (~AST*A25¢A58%1224A2 14 A 185 13 #A 26 * A 28)
A38=(A36+A37)*A23+A 16
A39=SIN (A38)
A40=CO0S (A38)
A4 1= (CC (6) *E(7) -A4D*R (6) *CC (7)) /(A39%CC (7))
IF (A41) 510,509,510

509 A41=0.0000000%

=33=

PT.R: ™PPOS FORTRAN C ORIO UNIVERSITY AVIONICS BNGINBBRING CEWTER

ThP02210
TDP02220
TDP02230
TOP02240
T0P02250
TDP02260
TDP02270
TDP02260
TDP022%0
TDP02300
T0P02310
TDP02320
TDP02330
TDP023480
TDP023S0
TDP02360
T0P02370
TDP02380
TDP02390
TDP024800
TDPO2410
TDP02 4820
TDPO24830
TDPO2480
TDP02450
TDP02860
TDPO2870
TDP02480
TDP02490
TDP02500
TDP02510
TOP0 2520
TDP02530
TDP02540
TDP02550
TDP02560
TOP02570
TDP02580
ToP0 2599
TDP02600
TDP02610
TDP02620
TDP02630
TDP02640
TDP02650
TDP02660
TDP02670
TDP02680
TDP02690
TDP02700
TDPO2710
TDP02720
TDP02730
TNDP02740
TDP02750
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: THPOS FORTRAN C

AG2=1.0/A81
AU3=ATAN (A4 2)

IP (C35) 515,518,514
IP(C35-PI) 511,512,512
IP (A41) 520,521,521
AG3=PTeA43

GO TO 521

IP (A41) 517,518,518
IP(CI5¢PT) 511,511,516
IP(A41) 517,518,518
AG3=DPT-A43

GO TO 521
A83=2.0%pT-A43
AG3=A434PT
A43=A43-2.0*pI

TP (A43) 522,523,523
A43=AL3+2,0%PT
AGG=STN (A43)
A4S=COS (A4 3)
AG6=A35/1609.344

IP (RU46-100.0) 525,526,526

AGT7=B1/A46¢B2¢R3I*AYE
GO TO 527
A47=A1/A46+A2¢A3-A86
AB6=A35/A4

G0 T0(15,19,99,95,55,65),7

RETORYN
END

OHIO UNIVERSITY AVIONICS ENGINEERING CENTER

TDP02760
TDP02770
TDP02780
TDP02790
T™oP02800
TDP02810
TDP02820
TDP02830
TDP02840
TDP02850
TDP02860
TDP02870
TDP02880
TDP02890
TDP02900
TOP02910
TDP02920
TDP02930
TDPO2940
TDP02950
TDP02960
TDP02970
TDP02980
TDP02990
TDP03000
TOP03010
TDP0 3020
TDP03030




APPENDIX V Lisitng for Block Data coastants reguired by
subprograa TDPOS.
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P7.%: 99609WY FNARTRAN A OHIO UNIVERSITY AVIONICS ENGINBERIV; CENTER
BLOCKX DATA 996000 10

C - 99600020
C -« TAYS IS THE CHAIN DATA POR THP 9960 (NS NORTHEAST) STATIONS 99600030
C - B (CARIBOU) AND X (NANTUCKET). 99600080
cC - 99600050
C = NODIPI®™D CONSTANTS TO NORTH AMERICAN DATUN 1927 (NAD-27). 99600060
C - 99600070
COMNON/CHAIND/DEL (2) ,AS,A6,AD(8) ,NA (8) ,CS (B) 99600080

DATA DEL/11.0E3,25.083/ 99600090

DATA AS/2.1275806R4/,A6/2. 1203281R0G/ 99600100

DATA MAD/02.0,76.0,46.0,67.0, 99600 110

> 42.0,76.0,41.0,69.0/ 99600 120

DATA DN/42.0,49.0,88.0,55.0, 99600 130

> 42.0,49,0,15.0,58.0/ 99600 140

DATA C3/50.47,34.48,27.86,39.16, 99600 159

> 50.47,34.84,11.98,40.51/ 99600 00

END 99600 370

~36=
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APPENDIX VI Listing for subprogqras REGAZ,




TILE:

RNGA? PORTRAN C

SUBRNNTINE RNGAZ (PDS,RHO,AZIN)

TNPLTCTT REAL®S (A-H,0-2)

REALSU POS(2) ,RHO,AZIN

COMMOM/RNGPOS/PHY, XLNG1

DATA A/6.3782064D6/,7/3.390075304n-3/,PT/3.181592653589793/
PHTTI=POS (1) ¢PT /180,

XLEG2=P0S (2) *P T/180.

DXLNG=XLNG1-XLNG2

BETA=DATAN ( (1. -F) DTAN (PHY) )

BETAT=DATAN ((1. -P) ¢DTAN (PHIT))

C1=DCOS (BET AT) #DSTIN (DYLNG)

C2=DCOS (BETA) #NSIN (BETAT) -DSTN (BETA) #DCOS (BETAI) ¢DCOS (DXLNG)
C3=DSIN (BRTA) #NSTN {BETAI) ¢ DCOS (BETA) #NCOS ( BETAT) #DCOS (DXLNG)
PST=NATAN (C1/C?)

THPTA=DATAN ((C2%DCIS (PST) +C1#DSTIN (PST)) /C23)

XM= (NSTN(RETA) +DSIN (RETAT)) ##2

XN=( (DSIN(BETA) ~DSIN (BETAI)) /DSTN (THETA)) **2

XU=(1.-NCOS (THRTA)) /DSIN (THFETA) ¢ (THPTA-DST N(THETA)) /DSIN(THETA)
XV=(1.+DCOS (THETA) ) # (THETA+DSIN(THETA))

RHO=DABS(A* THETA-ASF#& (XNSXT +XN®XV) /4.) /1852.0

IF(C1.78.0. JAND.C2.GF.0.) PST=PSI*180, /PT

IP(C1.GE.0. .AND.C2.LE.0,)PST=(PI+PST) ¢180. /P
IP(C1.LP.0..ANND.C2.L®.0.)PST=(PI¢PST)*180. /P

TP(C1.LB.0. .AND.C2.GE.0.) PST=(2.*PI¢PSI) *180./PT

AZIM=PST

RETURN

END
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R¥500010
RNG00020
RNG00030
RN300040
RNG000SO
RNG00060
RNGO0O070
RNG00080
RNG00090
RNGO0 100
RNGOO 110
RNGOO 120
R¥G00 130
RNGOO 140
BRNGOO 150
RNGOO 160
RNG00 170
RNGOO 180
RNG0O0190
RNG00200
RNG00 210
RNG006220
RNG00 230
RNGOO 280
RNG00250
RN500 260
RNG00270
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PIL®: RHORMO

20
21

11

10

100
52

51

50

PR e

PORTRAN A

DATA PI/3.14159265/,%0RG/9.5/,Y0RG/0.25/,XSCL/5./,Y5CL/3.125/, TYESRE000010
>/3HYRS/ ,IG0 /=17
PRINT™ 60

READ

61,IANS

TP (TANS.EQ. TYES) TGO =1

CALL
CALL

PLOTS (BUP,4,11)
SY MBOL (XDRG 'YDRG,O. 25' 3'00 '-')

no 20 1=1,9

CALL

SYMBOL (XORG't,YORG,O- 25' 3.0. '-1’

PO 21 t=1,5

CALL

CALYL
CALL
CALL
CALL
CALL
CALL
CALL

SYMBOL (XORG,Y(!RG+1.6*1,0.25,3,0.,~-1)

SYMBOL (XORG~0.9994/YSCL,YORG+0.8092/YSCL,0.35,1,0.,-1)

SYMBOL (XORG+3.1184/XSCL,YORG+ 11, 3414/YSCL, 0.35,1,0.,~-1)
SYNBOL (XORG-14.3832/XSCL,YORG+21,7253/YSCL,0.35,1,0.,-1)
SYNBOL (XJORG-32, 7287 /XSCL,YOR5+421,1557 /YSCL ,0.35,1,0.,~1)
SYNBOL (XORG-45.2794 /XSCL, YORG+20.5569 /YSCL,0.35,1,0.,-1)
SYNBOL (XORG-21.6659/XSCL,YORG+6.0122/YSCL,0.35,1,0.,~-1)

READ (19,1, END=100) RNG, AZN

RNGE=

RNG

AZNS=AZN

RHOX=

RNG*SIN(AZM*PI /180.) /XSCL

RHOY=RNG*COS (AZM*PI/180.) /YSCL

CALL

L OT (XORS+RROX ,YORG+RHOY, 3)

READ(10,1,END=100) RNG,AZN

IP (ABS(RNG-RNG?) .GT.5.) GOTO 11
IP (ABS(AZM-AZ%S).GT. 10.) GOTO 11
AZHME=A7N

RNGS=

RNG

RACX=RNG*SIN(AZM*PI/180.)/XSCL

RHOY=

CALL
GOTO

RNG*COS(AZM*PI/180.) /YSCL
PLOT (XOB5+RHOX ,YORG#RHOY, 2)
1

IF (IG0) 101,101,522

CALL PLOT(0.,7.,~3) ORigy

READ (12,1, END=101) RNG,AZN OF Po# Page
RNGS=RNG Qugy 7S
AZMS=AZ N ry
RHOX=RNGSSIN(AZM*PT/180.) /XSCL

RHOY=RNG*COS(AZM*PI/130.) /YSCL

CALL

PLOT(XORG+RAOX ,YORG+RHOY, 3)

READ(i2,1,END=101)RNG,AZN
TF (ABS(RNG~-RN3$) .GT.5.) GOTO S1
IF (ABS (AZN-AZN %) .GT.10.) GOTO S1

AZME=
RNGS=
RHOX=
RHOY=

CALL

AZN

RNG

PNG*ST N(AZM*PI /180.) /XSCL
RNG*COS (AZM*PI /180.) /Y SCL
PLOT (XORG+RHOX ,YORG +RHOY, 2)
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RA000020
RHO00030
RHO000&0
RHO00050
RHO00050
RRO000/0
RAO00080
RHO00090
RRO00 100
RHOOO 110
RAD00 120
RR000 130
RHOO00 180
RHOOO 150
RHO00 160
RACO0D 170
RHO00 180
RHO00 190
RHO00 200
RHO00 210
RHO000220
RHO00230
RHO00 240
RHO00 250
RHO00 260
RHO00 270
RHDOOD 280
RHO00290
RAO00 300
RAD00 310
RA000320
RA000 330
RADO0D 340
RAO00350
RHNO00 360
RHO00 370
RA000 380
RHO00390
RACO0 800
RHODO&10
REO00420
RHO00 &30
RAD00 Q40
RHO00 450
RHOOO 460
RHO00470
RAQ00480
RAO00G90
RAO00 500
RAO00S510
RA000S20
RRO00530
RHO00540
RAO00550

1
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FILE:

oo ¢ T e TR T T

Y

FHORYHO PORTRAN A OHYO UNIVERSITY AVIONICS ENGIVEERRING CENTER
GOTO &0 RRO00S60
CALL PLOT(0.,D.,999) f3000570
STOP RA000 580
FORMAT(2(FB.0)) RAOCO0S20
PORMAT(1X,*TWO PLOTS? YES/NO') RRO0C 600
PORMAT (A]) RHO0G 610
END RHO00620
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