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o+ ABSTRACT
Jamieson, G.S. 1982. A system for the precise determination
of tow distance and tow path in offshore resource surveys.
Can. Tech. Rep. Fish. Aquat. Sci. 1035: iv + 34 p.
A system is described which allows accurate measurement

and recording of Loran C navigational bearings. This allows a

posteriori determination of geographic sample location, vessel

speed over the sea bottom, and the length of the swath swept
by the gear. The system utilizes a portable minicomputer with
tape drive for data recording, and a larger host computer for
later data analysis. System hardware and software are both
described.

Key words: "Loran C, sampling, biclogical surveys, stock
abundance.

RESUME
Jamieson, G.S. 1982. A system [or the precise determination
of tow distance and tow path in offshore resource surveys.,
Can. Tech. Rep. Fish. Aguat. Sci. 1035: iv + 34 p.
On décrit un systeéme qui permet de mesurer précisement et

d'enregistrer les relevés de navigation Loran C, On peut

ainsi déterminer a posteriori la position g&ographigue de

178chantillon, la vitesse du navire par rapport au fond, et
1'8tendue de la région couverte par l'engin é&chantillonneur.
Le systéme utilise un mini-ordinateur & cassettes portatif
pour l'enregistrement des données et un ordinateur de plus
grande capacité pour l'analyse des donnés. Les composantes

"hardware”™ et "software” du systéme sont aussi déorites.



INTRODUCTION

The quality of resource survey data for use in the
gquantitative estimation of a population's biomass is largely
dependent on three variables:

1) the pattern of distribution of sample stations,
relative to the resource:

2} the number ©of stations sampled; and

3) the area sampled at each station and its accurate
measurement.

Accurate biomass estimation of deep-water, benthic populations
has been particularly difficult when compared to sampling
intertidal populations, as standard shallow-water survey
procedures such as sample quadrats or line transects are
usually impractical. Traditional offshore sampling equipment
utilizes trawls, drags, or dredges towed for a fixed time
period.

In ongoing studies to improve the quality of scallop
resource surveys, an approach has been previocusly described
(Jamieson and Chandler, 1980) which considers the spatial
distribution of the resource. The number of stations sampled
is generally determined by level of funding and available
vegsel time, while gear size and type are functions of vessel
size and manpower constraints. This report considers
measurement of the area sampled and presents a system,
utilizing Loran C, designed to allow accurate measurement and
recording of geographic sample location, drag speed over the
sea bottom, and the length of the swath swept by the gear.

THE SYSTEM
Overvggy

Loran C signals are captured at discrete time intervals
by a minicomputer on board the vessel and stored on magnetic
tape for use in a posteriori analysis of vessel location.,

Real time vessel location, 1f desired, can be determined by
use of a coordinate converter attached to an additional

Loran C receiver. Data analysis on a mainframe, host computer
involves initial editing of the data to ensure that tow
beginning and tow end flags are present, followed by smoothing
of the data to adjust for signal fluctuation, perhaps caused
by wave-induced vessel rolling and speed alterations. The
output from the Loran C receiver is averaged internally, but
with the frequency of data recording utilized (every two




seconds in "tow" mode; with an average towing speed of 3 kn, a
distance of 3 m is travelled between recordings}, small data
value fluctuations prevent accurate tow distance estimation
unless some additional data—~averaging procedure is adopted.
The bearings are then converted to latitude and longitude and
the distance travelled determined between specified time
pericds. Distances are then summed over the duration of the
tow., The shorter the time interval over which distance
calculations are made, the greater the indicated tow distance,
as more variation in vessel path is incorporated. The
shortest tow distance is the straight-line track between tow
end and tow beginning (longest time interval). Subjective
data interpretation suggests that a time interval of 10 sec
yields optimal results with towed gear, since the gear's path
is less affected by slight fluctuations in the path of the
towing vessel.

System components

The basic system consists of a Loran C receiver
interfaced to a desk top, minicomputer, which records at
specified time intervals the navigational bearings. Bearings
are checked for guality, then stored with date and time in
magnetic tape cartridges for subsequent data analysis. The
system utilizes standard commercially available equipment but
has as a unique feature, a specially designed interface unit
{Model 8000, Loran C to computer interface) between the
Loran C and minicomputer, developed under contract by Seimac
Ltd., Bedford, Nova Scotia, Canada. This unit is now
commercially available but is squipment-specific for
compatability reasons and, as presently available, should be
used with Internav Loran C receivers (Internav Ltd., Sydney,
Nova Scotia) coupled to any RS232 or IEEE-488 terminal or
computer. The computer used in the system described in this
report is an HP9825 [Hewlett Packard (Canada) Ltd., Dartmouth,
Nova Scotia]l.

The basic design layout is given in Figure 1, and a list
of specific required hardware ig given in Table 1.
Software
There are three basic procedures involved:
1) collecting and saving the data on tape;
2) dumping the data from the HP9825 to a mainframe, host
computer - in this example, a CDC 171 (the HP9825 has

insufficient memory to handle the analytical programs
utilized);



3) analyzing the saved data to determine:

i) geographic location of the tow path,
ii) length of the tow path,

ii) tow duration {(minutes),

iv) average vessel speed.

i

The first two procedures are programmed in HPL on the
HP9825, whereas the last procedure is programmed in Fortran IV
or 77 on the Cyber 171. ‘
OPERATING PROCEDURES

Data collection

The hardware 1is set up as in Figure 1; and to initiate
data collection, the procedure described in Appendix A is
initiated.

Data transfer from tape to disk

The procedures described in Appendix B are for low-speed,
dial-up communication between the minicomputer and host
computer using an acoustic coupler. Two procedures are
utilized, the first to establish a connection between the two
computers and the second to transfer data from the tape
cartridges to disc on the host computer.

Data analysis

Programs used in data analysis are given in Appendix C,
and a trial run of test data is given in Appendix D. The
output lists for each individual tow: 1) number of signal
records; 2) tow duration (min); 3) calculated tow distances (m),
using time intervals between navigational bearing recordings
of 2 sec, 10 sec, and the entire tow duration; 4) the percent
deviations of both the two-second based and ten-second based
distances from the entire-tow based distance (these latter
measures of distance deviation provide an indication of the
straightness of the tow path without having to graphically
rlot the data); and 5) average gear speed (m/sec) over the sea
floor.

SUMMARY

The system and procedures described in this report
reguire no particularly sophisticated hardware or computer



programming. The hardware required is readily available
through commercial sources; and although the analysis software
is designed for a CDC, it should be readily adaptable to most
host computers. It improves the quality of surveys by
increasing sample accuracy, as sampling error is magnified in
the areal expansion of survey data to the area encompassed by
the population under study.
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Table 1. Hardware descriptions of the components used in the
capturing of Loran C signals and their subsequent transfer to
a host computer.

1)
2)
3)

4)
5)

O W

Loran C Equipment

Internav Loran LC1l23 receiver
Adjustable notch filters for 1)
2.5 m whip antennae

Minicomputer Components

Hewlett Packard Model 98258 - desk top computer

Hewlett Packard Real Time Clock, Model 98035A, Eurocopean
time format option 002

Hewlett Packard Serial Interface, Model 98036A, female
connector option 001

Tape cartridges for 4), No. 98200.

Thermal printer paper for 4), No. 9270-0479

Seimac Model 8000, Loran C to computer, interface
Telephone coupler




Figure 1.

Schematic diagram of the hardware for data collection by the
minicomputer and data transfer to the mainframe host computer.
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APPENDIX A
DATA COLLECTION

The programs in Table A-1 should be mounted in Files 0-2
on a specifically assigned tape cartridge, here termed
"PROGRAM TAPE," so that it will be read as soon as the
minicomputer is turned on. The operating procedure* is as
follows:

1) Mount "PROGRAM TAPE" (Table A-~1l) in data cartridge slot
(label is readable when cartridge is correctly mounted).

2) Turn on power to Loran C, then the HP9825, and finally the
SEIMAC interface. [Note: on the serial interface
(HP98036A), the select code "switch"” and the "baud rate"
switch should be set at 11 and 3 (2400 bps)
respectively.]

3) You are then reguested to mount a data tape to write on
(preferably blank). Remove the program tape and replace
it with the current data tape. Press the 'CONTINUE' key
when the data tape is properly mounted.

4) If the data tape is blank (no data recorded), you will be
asked to answer a few guestions. Here are some typical

responses:
What is the CRUISE ID? P301 - then press 'CONTINUE'
What is the VESSEL ID? PRINCE - " " "
What year 1is this? 1980 - " " "

What is the data tape ID? SCALLOPS " " n
What is the data tow, or
tape, sequence number? 100 - " " "

5) When the program is "cold started" as above, it is in
Cruise mode. To enter Tow mode, press Function Key
"£1.' This key is labeled "Start Tow." (In Cruise
mode, a position is logged once every 30 sec, while in Tow
mode a position is logged once every 2 sec.)

6) You are requested to enter the Station Number (press
"CONTINUE' after typing the number). A check is made for
sequential stations. If You must skip stations, just
re—-enter the new station number when reguested.

*The comments in single quotes are labelled keys on the
keyboard of the HP9825,



8)

9)

10)

1)

12)

13)

14)

The program is now in Tow mode. When the tow is complete,
press Function Key'fz,' labeled "Stop Tow," to return
to Cruise mode. :

Whenever it is necessary to interrupt the logging of data
(either in Cruise mode or in Tow mode), such as at the end
of the day or if the drag is caught on the bottom, simply
press Function Key 'fp.' This key is labeled "Halt"

and stops the recording of data.

It is necessary to halt the program before interrupting
the power to the HP9825. If the power is interrupted
without first bringing the program to a halt, data will be
lost.

After a halt, the program may be restarted where it left
off by one of two procedures:

a) if the power was not interrupted, simply press
'CONTINUE';

b) otherwise, with the HP9825 and SEIMAC Interface off,
begin with the "Cold Start" procedure from Step 1.
After Step 3, the program will automatically restart
{in the same mode) .

Most of the time the program will display the current time
in GMT [Grenwich Mean Time, or UCT (Universal Coordinated
Time), as it is now called] and the estimated time until
the next required data tape change (based on the current
mode). When there are less than 90 sec to a tape change,
the HP9825 will alert the operator with "beeps" at
one-gecond intervals.

When the HP9825 is ready to accept the next sequential
data cartridge, a mount message will be displayed and an
alarm of four beeps per second will sound. With the
correct tape mounted the operator can continue by pressing
the 'CONTINUE' key.

Tapes are identified by an alphabetic label followed by a
seguence number {(e.g. SCALLOPS 1). When a blank tape is
entered into the calculator, the operator should write
this identification on the paper label of the cartridge.

The program requires a blank tape as the next sequential
tape., You can force the program to accept a tape already
containing data by pressing ‘ERASE' instead of 'CONTINUE.'
(Use caution here so not to overwrite a tape containing
important datal)



16)

17)

18)

19)

20)

The "Real Time Clock” will maintain its correct phase even
while the HP9825 power is turned off (there are NiCad
batteries in the clock itself). 1If, however, it becomes
necessary to reset the clock to the correct GMT, this may
be done by pressing Function Key 'fg,' labeled "Set

Time."

If this key (fg) is pressed accidentally, exit the set
time routine by pressing 'CONTINUE.’

Enter the time to set in advance. Respond to each
question {(i.e. Hour? Minute? etc.) with two digits, then
press 'CONTINUE.'®

The calculator will then wait until the time mark. At the
time mark, press 'CONTINUE' to reset the clock to the time
you previously entered. The program will then continue in
whatever mode it was in before you pressed 'fg.'

NOTE: When setting Month and Day of Month, remember that
you are setting GMT and the date may not be exactly the
same as your local month and day.

If an error occurs, consult the error booklet under the
cover of the printer tape magazine on the HP9825. Correct
the error, then press 'RUN' to restart the program. Some
tape operations which result in an error may be retried by
pressing 'CONTINUE'; these will be indicated in the
display.

It is important to clean the tape drive head and drive
wheel after every eight hours of use. Otherwise, buildup
of dirt will cause tape errors. Computer instructions
will describe how to do this.

The specified time period between data recordings can be

modified. To change the time intervals in the tow and cruise
modes, modify the value assigned to "I" in lines 41 and 42
(Table A-1; File 2) respectively. The more frequent the
recording of data, the quicker tape capacity will be reached.
Standard tapes will record for about 7 hrs in Tow mode and
108 hrs in Cruise mode. [The number of recording hours per
tape cartridge can be calculated by multiplying 13,000 (i.e.
500 bytes/file times 13 files times 20 tracks) by the number
of seconds between recordings, and then dividing by 3,600].
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Table A-1. Programs used

to transfer Loran C navigational bearings
from Internav

123 receiver to HP9825 tape.
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APPENDIX B

The program listed in Table B-1 is used to establish
communication between the minicomputer and host computer,
while the program listed in Table B-2 transfers the data to a
disc file. The following operating procedure* should be
followed:

1) Define a file "Data" on the desired account in the host
computer through a normal terminal.

2) Dial the host computer, get a signal, and mount the phone
in the coupler. Place the 'Program tape’ in the HP9825.
[Note: On the serial interface (HP98036A), the 'select
code' switch and the ‘'baud rate' switch should be set at 11
and 7 (300 bps) respectively.]

3) Type in '1dF(fno)' (Table B-1), then press 'EXECUTE' and
'RUN. ' [Note: (fno) = file number of this program on the
tape cartridge.]

4) When the user number 1is asked for, enter it and the
password, then press 'STORE' and 'RESET.'

5) Type in '1dF(fnl)' (Table B~2), then press 'EXECUTE.'’

6) Replace the '"Program tape' with the 'Data tape,' then
press 'REWIND' and ‘'Run.' '

7) The end of the data tape will be announced on the HP9825,
and if there is another sequential data tape to be
transmitted as part of this run, lcad the next tape and
press 'REWIND,' then 'CONTINUE,'

8) After transmission is complete, log on to the host computer
through a normal terminal again, and type in "CHANGE, pfn =
DATA," where pfn is the permanent file name of the
transmitted data.

9) If additional runs are to be transmitted, type in "CLEAR,"
"DEFINE, DATA," then "CLEAR" again; and then repeat 6).

*The comments in double quotes are part of the Cyber Control
Language (CCL) used with the Network Operating System (NOS)
of the Cyber 171 host, which was used in this instance.
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Table B-1l. Program used to establish communication between the
minicomputer and the host computer.
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Table B-2. Program used to transfer data from the minicomputer
to a disc file on the host computer.
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APPENDIX C

The raw data should first be checked to ensure that the
dump from the HP9825 was successful, and that station numbers
were correctly inserted at both the beginning and end of tow.
Experience has indicated that control flags may accidentally be
inserted by the operator at the wrong time, making a check of
the "saved®” data with the vessel's tow record log often a
worthwhile procedure. To obtain a less bulky listing of the raw
data, submit the program in Table C~1. To obtain a sequential
listing of the control flags and the data at the following
adjacent time recording, submit the program in Table C-2.

After any necessary data editing has been completed, the
data can be smoothed by utilizing the program in Table C-3.
Sample output is shown in Table C-4., This procedure utilizes a
weighted average to smooth the data with 19 triangular weights.

A smooth startup and ending is incorporated; this utilizes
a smaller triangle at each end of the data string to avoid
spurious oscillation.

The data are now ready for final analysis, utilizing the
program in Table C-5, For each tow, output is as follows:

TOW DI STANCE

Tow
Tow No. Duration A B C 4 % Avg. Speed
No= Records (D) Diffe Diffe (m/sec)
(min)
A-C *100 B~-C ¥100  (B/(D¥60))
C C
€ege | 234 9,2 1195,44 993,44 899,92 32.84 10.39 [.80
where A = total distance with 2 sec time intervals:
B = total distance with 10 sec time intervals:
C = total straight~line distance between tow beginning
and end.

Output from eleven research tows is shown in Table C-6. By
comparing the percent differences between the tow distance
calculated from every fifth navigational recording and that
calculated from the beginning/end of tow, it is evident that
Tow 5 was considerably curved. This comparison allows rapid
detection of those tows which were not in a straight line.
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Table C-1. Program to produce a less-bulky listing of the
raw data. Language: Fortran 77.

PRAGRAN FLISTCINPUT.BUTPUT, TAPES . TAFES)

L THIS FROGRAM IS5 USED T¢ FRODUCE A LESS BULKY
£ LISTING OF THE RAU DATA BY WRITING THE DATA
£ 1IN HERIZGNTAL ROUS ACRHSS THE PABE RATHER

C THAN AS @NE VALUE PER LINE.

[FIMENSION X(49.4),Y(49.4)
INTEGER Z1(49,4),22{49,4) ,DATETH.FLAG
REAL LBRANA,LERANC
I=0
N=49
J=1
FLAG=0
CALL ZERS(X.Y.I1,22)
HCOUNT=0
10 READ(S, # END=12)LORANA . LORANC, DATE
IDATE=IFIX(DATE)
ENCODEC1D0,15, DATETH) IDATE
15 FERHAT(I1D)
NCBUNT=NCEUNT+]
I=I+1
IF(I1.GT.49)THEN
RENES
I=1
END IF
IF(J.GT.4)THEN
H=4
G@T430
END IF
20 AL, ) =LERANA
T(I.Ji=LBRANC
IF(DATETH.NE. 0. O)THEN
BECEDECIO, 25 DATETIIZTLL, D L 22(1 . J)
23 FORHAT(I4,146)
ELSE
Z1(1,.1)=DATETH
ENDV IF
GETH10
12 FLAG=1
H=]
f=J
GéT930
30 WRITE(4.40)
40 FORMATO 17 /7404X, "LERAN. (5X, "LORAN, 2X, “DATE ", 4X, "TINE "))
UWRITECH, 50 COXCIX, IY) Y OIX IV, 2V DX 1Y), Z2(1X, 1Y), IX=1,
M), IV=1,0
50 FERHAT(A9(1X,4(FB.1,2X FB. 12X, 14,2X,16,1X)}/))
IF(FLAG.EQ.1)THEN
URITE(6,60)NCBUNT
a0 FERMAT(/ 1K, TBTAL LINES C@FIED=",16)
ST8P
ENDCIF



Table C-1 Contd...

CALL ZERS(X.Y.I1.13)
I=1
J=1
EETE20
END
SURRGUTINE ZERB(X.Y,I1,12
DIMENSIBN X{4%,4),Y(49,4)
INTEGER 71(49,4),72(49,4)
g 100 I=1.49
ng 25 J=1.,4
X(1l,.n=0.0
Y(I,4)=0.0
21¢1,4)=0
12¢1,J)=0

79 COMTINUE
100 C8NTINUE
RETURN
END

Table C-2. Program used to obtain a sequential listing of
the control flags. Language: Fortran IV.

FROGRAM LIST (INFUT,QUTPUT,TAFES=INFUT, TAPESL=QUTPUT, TAPEY , TAFLE)
L % THIS PROGRAH LISTS SEQUENTIALLY THE BEGINNING AND END FLAGS

" @ OF THE TOWS, PLUS THE FIRST LORAN RECORD AFTER EACH OF
C % THE ABOVE 50 THAT THE TI#E OF OCCURRENCE CAN BE CHECRED.

Yom ad
20OREAD (7 ,w) 21,X2.43
IF (EOr(7).#E.0) G0 10 39
IF 7. EQ.10 WRITE (3,400 X1,42,33
Y= 0
WO LT.05000 7 =
IF (3L LT.E00) WRITE (3,400 X1,42,43
GO T0 29
36 5TAF
40 FORMAT (3(F15.10,1X))
END
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Table C-3. Program used to smooth the raw data with 19 triangular
weights. Language: Fortran IV.

PROGRAM GHOATA (QUTPUT, TaPES, TAPL? (TAPEG, TalEy, LEBUG=TAPLS)

C
C THIS PROGRARME UTILIZES & WEICHTED AVERAGE 70 SHOOTH THE
G DATAWEIGHTS ARE TRIANGULAR AnND INVOLVE 19 POINTS. A SHOOTH
¢ STARTUP AND ENDING 15 INCORFPORATED 70 AYVOQID SFURIDUS
L O55CILATION AT EACH END OF THE DATA STRING.
£
EQUIVALEACE (XIH,Y)
DIMENSTOR XIN(24000, TINC(2400), X{(246000, Y(24007, HOTUIR), XL{2600
$)
BATA WGT/1.,2.,30,4.,5.,0.,7.,8.,7.,010.,%.,8.,7.,6.,5.,4.,3.,2., 1.
$/
HWGT = 19
L %
C INITIALIZIE
{
20 CONTIHUE
Ho=9
N = @
184 = ¢
£
C READ INPUT FILE
C
30 READ (7.%) XX, 1Y, TIHE
IF (EOF{7).HE.Q) GO TD 99
NN = N+
IF OX.6T7.500.) GO TO 50
L QUTPUT CORRECT STATION NO.
IF (XX.GT.10.) 060 TO 490
X = AXs10,
Y = AINTOVY+,5)
Y = ¥Y1/10.
4G CONTINUE
IF (TIsME.EQ.1.) B0 10 89
C
L PLOINNING OF TOW
C
WRITE (8,110) XX, YY,TIHE
I54 = |
GO 10 30
"
C HAHIPULATE AND STORE DaTa
C

50 CONTIRUE
IF CI8W.EG.0) GO TO 30
IF {XX.6T.10.0) 6O 10 79
60 XX = AINTXX:.5)
TY = AINTOYY9.5)
A4 = AXS0,
11 = YY/19.
70 CONTIAHUE

HoOoH i

.../Contd.
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Table C~3 Contd...

N it
AINNY = XX
YINGN) = Y1
AL(ND = TIME
GO TO 30
c
y CND OF TOW
‘
80 CALL SHODTH (ATN. A, H,MGT,HHGT)

CaLL SHOOTH YId,¥, N, W67, EGT)

HRITE (85,1000 (X013, 9010, ALAT), I=1, 0}
WRITE (8,110) XX,7Y,TIdE

60 T0 20

70 STOP
100 FORMAT (Z(F10.2,1H,,1X),F12.0,1H,)
110 FORMAT (3(F8.1,1H,,1%))

END
SUBROUTINE SHOOTH (X,7,M.Y.09)
DIREHSION %2800, 102400), ¥(19)
NSHIFT = §y/2
HGTART = NSHIFTH
NEHE = N-HSHIFT
U5 = 0.

00 19 I=1,HY
Y§ = VS
10 CONTINUE
00 20 I=NSTART,NEND
I = g
D0 20 J=1.0Y
FOI) = YOI RO 0D HSHIFT S 1) /95
20 CONTIAUL
DO 40 I=1,N5HIFT

K o= NSHIFT:I

1(1) = Q.

Y5 = Y1)

00 30 J=1,K
YOIy = Y{D K (IR (Y J)
U5 = YSHY(RY T )

30 CONTINUE

YOI = (1) AY5

40 CONTIHUE
M1 = NENDH]
o= WY
D0 60 I=H1,H

11 = Q.

V5 = 700D

Ko= 11

00 50 J=1,K
YD) = YU X UTHS-NSHIFT-1)8Y (J)
Y5 o= ysiy(d)

50 CONTINUE

Y000 = {198

40 CONTINUE
RETURN
EHD
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Sample data of smoothing program (Table C-3).
output data.

A =

A

10843.5, 0.9

J0945.7,
30745.7

J0945.7

30945.7,
30945.7

30945.48,
30745.8

30945.48,
30945.9,
30945.9,
IN945.7,
J094%.8,
J0745.48,
30945.4,
307945.8,
30945.9,
30945.9,
A0945.9,
J0945.9,
30344.9,
30945.7,
30945.7,
30948.0,
30%46.4,

input data.

29071859090
29071859211 .¢
2907183914.¢
29071859146.0
29071859148.0
2907185921.0
2907185223.0
2907185925.0
2907185928.9
290718%5939.9
2907135933.90
2707185935.90
2907185937 .0
2907185940.¢
2907185942.0
2707185944.0
2907185947 .0
2907185949, Q
2907185952
5903183?34,u
290718593540
290718595°
2907170001
290717000730

1.0,
12273.48,
L2271.58,
12973.47,
1297366,
12273.44,
12273.45,
12273 .44,
12275.43,
1227362,
12273.81,
12273.59,
12273.56,
12273.57,
12273.55,
12273.54,
122735

LI N
- e

5
122773.47,
12273, 43,
12473.47,
2273.45,
12277.44,
12273.43,
12273.42,

B

30343.5,

10945, 7]
10945,74,
30945 .75
1094574,
39?43hr

30745

30744h
30745
JOT45 .4
30945 .1
309745,
30745
30945,
30945 .1
F0745 .
A0945 3
30945.,89
30945.7
30943 .1
30945 .,°
30745
3094%.95,
J0945.948,
3094597,

o U
2907185909 .,

29013571,

G157

4.,

ﬂ?0743““15.,
29071358,
29071485921
290?!85?23a9
2907135525

2907135728,

15071685930 .
2907185933, |
2907185935, ,
2997185937 .

'H“nO "’5"’1’)4{'}

2707 ‘33q3~..
’7071”'?44..

2907185947,
2907185747,
I9NIIEETEE.,
2071859754, ,
29071359954,

2(’?‘:} sf)!-v‘l.t'\

QAT IT e s

YT
2P02170001.

1907190007,
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Table C-5. Program used to calculate tow time and distance.

T

[ar B a B el wl

Language: Fortran IV.

PREGRAM LENGTH (BUTPUT, TAPES,TAFES)

THIS PREGRAH CALCULATES T8U TIME AND DISTANCE (M)
FREM NAVIGATIGNAL BEARINGS. THREE MEABURES 8F TaM
DISTANCE ARE FPROVIDED:
134 T8Tal 4F THE DISTANCES CALCULATED BETUEEN
EACH CONSECUTIVE NAVIGATISNAL READING,
2)A TETAL @F THE DISTANCES CALCULATED BETUEEN
EVERY FIFTH NAVIGATIGNAL READING,
3YTHE STRAIGHT-LINE DISTANCE BETWEEN THE FIRST
AND LAST NAVIGATISNAL READINGS.
THE FPERCENT DEVIATISNG OF MEASURES (1) AMD (21 FREH
HEASURE (3) ARE ALSO GIVEN, A5 IS AVERAGE SPEED (M/SEC).

THIS FREGRAMN IS PRESENTLY SET T¢ DETERMINE GEGGRAPHIC
FOSITIENS USING THE LORAN C CHAINS 3%3X (R1) AND 393Y (R2)

IN THE VICINITY @F GEGRGES BANK (42 DEGREES ¥ (S51); 66 DEGREES
N (82)).

INITIALIZATIGN
DIMENSIBN N(4:, ZLAT(2600), ILON(2400)

AN = 0
NT = 0
L =0

K1 AMD K2 CAM BE SET AT 0 SINCE
GNLY LOKAM C SIGNALS ARE BEING ANALYZELD

K2 =0
Kt = 0
Rt = 4H593X
R2 = 4HB93Y

LATITUBE (DEGREES) STARTING FOINT 2 5
LENGITUDE (DEGREES) STARTING POINT :
g1 = 42,
82 = 44,
DIn = 0.
1is = nlp
THE FROGRAR 1S FRESENTLY SET UP (8
REAIN A HAXIHUN 6F 24600 IDATA VALUES FER T8Y
{1.44 HOURS §F RECORDING TINE AT 2 SECHND INTERVALS)
ng 20 I=1,2400

ILAT{IY = 0.

ZLgH(I) = D.
CONTINUE
NI = 08
HTEST = 1
HRT =D
1784
1574
BIsT = 0.
OTRCT = 0.
WRITE (6,130
WRITE (&,140)

Y -
3

L]

[

NET

LI I
Lo ]
-

.. ./Contd.



26

Table C-5 Contd...

C
L READ INFUT
L
30 CONTINUE
READ (5,1 A,B,C
IF (EGF(5).NE.O) G& T8 120
It = ¢
I8 40 I1=1,4
Jo= 10-2%]
N(I) = IC/10%%J
IC = IC-N(I)#10%%
30 CONTIHUE
DAY = N(1)
XNEN = N(2)
GHT = N(3)
XHIN = N(4)
SEC = IC
IF (XMON.EQ.0.) G T8 8O
IF (ITBY.EQ.0) G T8 30

far]

IN T4

TN

NRT = NRT+1
BN = fiNe]

Ag = A

Fg = B

CALL LORAN (R1,NZ1,A,K1,R2,NZ2, B, K2, XLAT,XLON,51,82,L)
IF (NKT.EQ.1) G& T4 40

CALL TRACK (XLAT,XLON,TLAT,TLEN,I)

IF (NTEST.EG.1) G6 T4 50

WRITE (4,150) A,B,C,I,DIST,XLAT, LoN

[ S 1)

30 BIBT = RIST+D
ThaY = DAY
T6MT = GHT
THIN = XMIN
T8EC = SEC

60 TLAT = XLAT

[

TLON = %L8N

ILAT(NRT) = XLAT

ZLBN(NRT) = XL@N

IF (HN.NE.3) G8 T8 70

NP = NRT-NZ

IF(HRT.EQ.5NF = 2

FLAT = ZLAT(NF)

PLBN = ZLBN{HF)

CALL TRACK (XLAT,XLGN,PLAT,PLEN,II)

SLLAT = XLAT
SLLEN = XLéN
BIB = DIR+BD
HN = 0

A0OIF (HRT.HE. 1) 68 T4 30

.../Contd.
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Table C-5 Contd...

L
L
L

b ]

far]

80

g0

100

110

120

130

140

134
140

FIRST TéW RECERD

I}

FLAT = XLAT

FLéN = XL&N

FGHT = GMT

TINETD = GHT=40,+XHIN+8EC/ 40,
& T4 30

IF (SEC) 120,90,100

H

it

START #F Tou

HRT = 0
116y
DIsT
6% 198 3

nou

I
0.
0
END 8F TOW

TIHE? = TGHT#40.+THIN+TSEC/40.
IFCTGHT.LT.FGHT)TINE2 = TIME2+24.%60.
TIHE = TIHE2-TINE1
CALL TRACK (FLAT,FL#N,TLAT,TLSN,DA)
CALL TRACK (SLLAT,SLLBN,TLAT,TLEN,LI)
DI = DID+DD
NT = NT+1
DIFPCT = ((DID-DA)/DA)#100
DIFFER = ((DIST-DA)/DA)*100
SPEED = DID/{TINE#6D.)
ISTA = INT(A)
WRITE (6,160) NT,ISTA,NRT,TIHE,01ST,010,04,0IFPER, DIFFCT,SPEED
pin = 0.
IIST = 0.
1784 = 0
NRT = O
I5TA = 0,
HN = O
0g 110 I=1,2500
ZLAT(D) = 0
ZLEN(T) = D
CONTINUE
G& T4 30
5TOP

i

®
=

FBRHAT (/S4H ¥ STN NRT T#W  DIST. EACH DIST. EACH  §T. LINE
$,4X,26HXDIFF. ZDIFF.  AVG SPEED)

FORMAT (14X,4HTIHE,6X,43HRECERI STH RECORD  DISTANCE 1-57.,
$5-,17HST. { W/SEC)

FORHAT (2F12.1,F16.2,2F13.3,2F18.10)

FORMAT (13,1%,13,1X,14,1%,F5.2,3F12.2,4%,2(F4.2,1X),6X,F5.3)

END

.../Contd.



Table C-5 Contd..

b

F o o B I T TS e T e T

T3

10

30

SUBRBUTINE LBRAN (RATET!,NZ@N1,READT,K1,RATEZ,NZBNZ,READZ,K2,XLAT,
$XLUN,START1,START2,LIST,IER)

THIS SUBRQUTIRE PROVIBES Ad ITERATIVE S8LUTIGN Té LONVERY
HYFERRBOLIC NAVIGATIGNAL READINGS T4 GEOGRAFHIC FBSITION,
TAKING INTH CONSIDERATISN THE ELLIFTICITY @F THE EARTH.

IT IS PREGENTLY SFECIFIC 70 NORTHUEST ATLANTIC LORAN [, DECCA
AND LORAN A READINGS,BUT BY HODIFYING SUBRGUTINE CHAIN, IT CAH
BE ADAPTED T4 ANY AREA. REBUIRED CHANGES SH8ULD BE SBTAINABLE
THRBUGH THE COAST GUARD 8R ANY SCEANGORAFPHIC INSTITUTISN.

RATET,2 @ FIRST ANI SECEND RATES (4 COLS. EACH)

NZ@N?,; : FIRST AND SECOND Z8NES FOR DECCA (1 CéL. EACH)

READIY ,2 : READINGS FOR THE FIRST AND SECOND RATES (7 (LS. EACH;
INCLUDE DECIMAL)

K1,2 ¢ ZONE INDICATBRS FOR RESPECTIVE DECCA READINGS (1 CBL.
EACH)

STARTY ¢ INITIAL ESTIMATE #F LATITUDE (DEGREES)

START2 : INITIAL ESTINATE #F LONGITUDE (DEGREES)

COMHEN /Y/ PI,AE,FL

DIMENSION FA(2), CR(2), DR(2), POSN{2,2), DIST(100), LSET(100)
DIHENSIGN HYP(2), X(2)

DINENSION NTIACI00), SPOCT00), R4), A(4), B(4)

DINENSIBN FOS(4,2), XLIST(2), WIDTHI(2), CBUNT(2), BASE(2)

XLBN = 0.
XLAT = XL4u
H=0

INT = 5

Té1 = 9.0

AE : RADIUS OF EARTH

FL : FLATTENING &F REFERENCE ELLIPSHIL
KE = 637B206.4

FL = 0.43900753E-07

PI = 4.0%ATAH(1.0ED)

66 T9 30

WRITE (4,120) RATEY,NZBN1,READT,RATEZ,NZ8H2,REALD
IER = 7

G# T4 11D

WRITE (4,140) RATE?,RATEZ

66 T8 110

FOS(5,1) = STARTI#FI/180.0

FE5(5,2) = START2#FI/180.0

'y

i

#oou

CALL CHAIN (RATED,NZ8N1,READT,K1,P85(2,1),P85(2,2),P
$2),FAC1), CHUNT (1), TER)

IF (IER.NE.O) 66 T6 20

CALL CHALN (RATE2,NZONZ,READ2,K2,POS(4,1),FOS(4,2),POS(3,1),FO5 (3,
$2),FAZ), COUNT(2), 1ER)

IF (1ER.NE.0) 69 16 20

CALL SPHRD (P8S(1,1),F85(1,2),FP85(2,1),P85(2,2),BASE(1),A1,A2)
CALL SFHRD (PBS{3,1),FB5(3,2),F65(4,1),F0504,2) ,BASE(Z),A1,A2)

'&
U‘J

10, FE5(T,

./Contd.
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Table C-5 Contd...

D¢ 40 I=1,2
WIDTH(I) = BASE(I)/CBUNT(I)
40 CHNTINUE
J=5
ITER = O
50 CONTINUE
ITER = ITER+
IF (ITER.GT.40) G T4 10
09 60 I=1,4
CALL SPHRD (P@S(J,1),PBS(J,2),PES(I,1),PBS(I,2) ,R(I),ACI),B(1))
40 CHNTINUE

R{2) = R{1)-R(2)
R{3) = R{3)-Ri4
AL2) = AT -ACD)
B{2} = B{1)-B(2)
A3 = ACI)-A(4)
B(3) = B({3)-B{4)

ng 70 I=1,2
CROI) = R(I+1)+BASE(I)
alI) = ACI+1)
E(I) = B(I+1)
HYF(I) = PACT)#WIDTH(I)#2.0
DR(I) = HYR{IJ-CR(I)
70 CONTINUE
X1 = DR(1)
X2 = DR(2)
TEST = ABS(X1)+ABS(X2)
RLAX = 0.95
DET = AC1I#B(2)~A{ZI+B(1)
08 80 I1=1,2
ACD) = A{I)/DET
B(L) = B(IJ/DET
80 CONTINUE

T#F = AL
ALy = B(2)
B(2) = THF
AC2) = -AL2)
B(1) = ~B{1}

08 90 I=1,2
FES(5,1) = FE5(5,1)+A(T)#RLAXSDIR (1) +B{1)#RLAX*DR(2)
90 CHNTINUE
IF (TEST.GT.3.0) G3 T8 50
X(1) = FBS(5,1)
A(2) = P@5(5,7)
ng 100 I=1,2
X(I) = X(I1)%180./PI
IF(X(D) LT.00%(I) =
IF(X(I1).BE.340.7X(1)
100 CHNTINUE
ALAT = X(1)
ALBN = X(2)
IF (LIST.EQ.0) G# T4 110

X{1)+3s0.
= X(I1)-360.

.../Contd.
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Table C-5 Contd...

CALL LAL® (XLAT,XLEN,LAT,LON)
WRITE (46,1300 RATE1,NZON1,READT,RATE2,NION2,READ2,LAT,LON
110 RETURN

120 FORWAT (24H UNABLE T@ FLBT FBSITION,2X,A4,2%,A1,F10.2,5%,44,2%,41,
$F10.2)

130 FORMAT (1X,A4,3%,A1,F10.2,24,84,3%,41,F10.2,2110)

140 FORHAT (17H INVALID RATE - ,A4,4H BR ,A4)

END

SUBRGUTINE CHAIN (RATE,NZ@NE,READ,K,XLATH, XLBNH,XLATS,XLBNS,Fa,
$CHUNT, TER)

COHREN /Y/ Pl

DIHENSIBN ALATH(3B), ALGNH(3B), ALATS(IB), ALONS(38), ARATE(3E)

DIMENSI@N XCOUNT(3B), IDELTA(38), IZBNS(11), ALBRC(13)

DATA ALATH/47.73997778,46.71839444,49.34356667,47.63251389,45.
$73448889,45.65402778,43.70289167,44.76442222,47.84863333,50.
$17985833,50. 15224444, 45,21485833,45.21485833,41.24993333,59.
$98842222,48.69601667,41.24984722,41,24898056,40.47265556,76.
531994?ﬁ2§¢? 4495111 ?,h%4é BU755556, 4430, 99409444 4442, 71405556, 4+
$34.06276667,3459 98810833/

DATA ALBNH/52.73705000,55.37942222,54.87013056,59.23921389,61.
$900460278,64,93010833,65.24106111,62.1496 4?22g54,69019722,61u
$R1303611,66.61764444,2%61.175650,69.97232500,44,65243333,53. 088400
$,69. 97271667,69. 97540556, 74. (1227778, 69, 35860000, 54, 24124167, 2467 .
$?271415',a%ad.3692J,4f7o.87é9?222,4$,,, 1298889 ,3%45.17429722/

DATA ALATS/3%48.35371389,2447,35723056,3%44.56715278,3+49,85835278
$,47.56454444,43.45929167,43., 45?@2?22,5282473f?72 52,24758333,43.
$??831%11§35.248536i1,4?g248986555 470.52873054, 41, 25331389, 46.
$77560556,30.72583889,26.53194722,27. 00291389, 34. 06278889, 46, — -
$80755556,41,25331389,34. 06278889, 39.85209444,27. 03289444, 41,
$25328889,46.77558056,39.85207222,64.90736667,62.29989167,46.
$775580567

DATA ALONG/3%54,16905,2461.92671667,3%64.26818889,3+64.,44477222,59
$.16408056,65.47120278,65.46971111,55.61104444,55.41200000,49.
$26095000,75.52717500, §9. 97540554,48,29701944,48.29701944,49.
$97752500,53.17448889,90.82877778,97.83335833,80.11486667,77.
$91298889,47.92714167,69.97752500,77.91298889,87,48670556,80.
$114864667,49.97752500,53.174488687,87.48670556,23.92270833,07,
$07408511,53.17448889/

DATA XCBUNT/286.1079,311.4186,343,2386,465,6644,307, 299.7552,
$211.4852,494,5979,513.4260,329.8720, 455, ESiu,EO“é 15?2§2¢30 4552,
$2947.5415,7314. 14~h;:864nda5a9¢us5g?525§5594.38v ygza L9140,4318
$2113,3663,6454,4263.76,7509.86,3619.08,8886.76,4403.76,5085.44,
$5594.40,3937.86,6444.30,6324. 3b§g5¢3,02,?082,62,35779938,7324.42,
$8136.06,13607.52,10424,38/

DATA IBELTA/Q ss,da 0,30,0,30,50,0,30,50,4%1000,950,5¢1000,11000,
$25000,11000, 5990 43&09 b?ﬂ@ﬁ 1%880,2500D 39000,54000,11000, 49000,
$28000,45000, i:GUﬁ,Q?BUQ 43000/

IATA 17885/24,18,30,24,18,24,18,30,24,16,30/

.../Contd,
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40

DATA ARATE/4H2R ,4H26 ,4H2F ,4H6K ,4H6G ,4H7R  ,4H76 ,4H7F
$,4H9R  ,4H9G ,4H9F ,4HIHT ,4HTH2 ,4HIH3 ,4HIL2 ,4HIL3 ,4H1H7 ,
$4HIH4 ,4HIHS ,4H256 ,4H257 ,4HSH7X, 4HSH7Y, 4HSL2W, 4HSL2X, 4HSL2Y,
$4HSL2Z, 4H55 44, 4HG54X, 4HS54Y, 4HSS4Z, 4HSS7W, 4HSS7Y, 4HS57X, 4HSSZ,

$4HSL7U, 4HEL7 X, 4HEL7 2/

[ATA ALBRC/AHOTIX,4HIP3Y ,4HIT4U, AHP 6K, 4HPF6Y , AHTP6Z, 4H793U, 4HT93Y

$,4H993X, 4H993Z,4H793U, 4H793X, 4H7932/
RAL = FI1/180.0
IER = ©
0g 10 1=1,38
IF (RATE.EQ.AKATE(I)) GO T4 40
CONTINUE
D8 20 I=1,13
IF (RATE.EQ.ALBRC(I)) GG T4 30
CENTINUE
IER = 1
68 T8 60
IF(I.GT.2)1 = I+4
I = 1+29
ALATA = ALATH(I)#RAL

HooH

XLON# = ALBNR{I)+RAD
XLATS = ALATS(I)+RAD
ALBHS = ALBNS(IJ*RAD
DELTA = IDELTACI)
COUNT = XCBUNT(I)

IF (K.GT.0) G T6 50

FA = READ-LELTA

G# TE 40

CALL Z#NE (K,NZBNE,KZSNE)

FA = KZBNE*IZBNS(I)+READ-DELTA
RETURN

ENI

ANDBYER-LANBERT FOR DISTANCE, AZIMUTHS AND DIRFF. CBEFF.

SUBRGUTINE SFHRD (FPHF,FLF,FHS,FLS,RANGE,AT,A2)
ConnegN /Y7 FI,ALE,D

DLGN = FLS-FLF

SL = SIN(DLEW)

L = Ca5(DhLén)

5F = SIN(FHF)

CF = CBS{FHP)

5% = SIA{FHS)

5 = CO5(FH5)

L = S5#5P+LEsCF#LL
S5 = SORT{1.0-C*0)
U = ATAN(S/0)

Lgsy = C
ELLIPSSID CBREECTIGNS
by = (U+3.05)701.0-0)

by = pV#{5P-55)*(5F-55)
oY = (U-3.0%53/7(1.040)
W = DU+ (5P+551%(5F+55)

RAMNGE = AR+ (U-0.259%G+(IIV+DBI)

.../Contd.
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Table C-5 Contd...

~CRESS+EFHCBHIL
Al = BEFA1/S
A2 = -AEXCPHCS#5L/8
10 RETURH
END
SUBRGUTINE Z8NE (K,LPHA,NUKER)
INTEGER A,B,C,0,E,F,G,H,1,J
DATA A,F,C,0,E/1HA, 1HE, 1HC, 1HD, THE/
DATA F oG, H,1,J/1HF ,1HG, 1HH, THI, 1HJ/

Al

A

[ERRE O

NUHKER = 0.
L= {(K-11#10
IF(LFHA.EU.AINUBMER = L
IF{LPHA.EQ.BINUNER = L+1
IF(LFHA.EQ.CINUNER = L+2
IF(LPHA.EQ.DINUNER = L+3
IF(LPHALEQ.EINURER = L+4
IF(LPHALEQLFINUMER = L+3
IF(LFHALEQ.GINHUHER = L+6
IF(LPHALEQ.HIHUMER = L+7
IF(LPHAEQ. TINUBER = L+8
IF(LFHA.EQ. JINUHER = L+9
RETURN
END
SUBRBUTINE TRACK (XLAT,XL83,XLA2,XLE2,018T)
G
G THIS ROUTINE CALCULATES THE DISTANCE IN AETRES BETWEEN THP
L GEBGRAFHICAL FOINTS.
L
BATA PI/3.1413Y263030%/ 5801806/ 6980007
¢
L SECIBO - M@. @F SECONDS IN 180 DEGREES
L
L CYR ~ CONVERSIGN FACTOR FRER SECHBNDS T4 RALIANS
CYR = FPI1/5EC1BY
L
URKY = ZLA1#34600.
URK2 = XLa2#3600,
FLA = RADECURKI/360D0.)%CVR
FLO = FLASCESIURKT#CVRD)
L
C FLA - FaCTBR 76 CENVERT SECONBS 6F ARC 79 METERS FER LATITUDE
G FLg - i ! " ! " o " " LENGITURE
¢ U - Ng. 9F SECONDS BETUEEN LATITUDE @R LONGITUDE
L
W o= URKT-WRKZ
[5aH = ABS(UIFLA
URKT = XL#g1=3400.
WRKZ = ALgZ+3600.

W = WRK1-WRK2
DSEN = ABS(U)+FLY

BIST = SORT((DSBN#*#2)+(ISANE*2))

RETURN

END -

.../Contd.
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Table C-5 Contd...

FUNCTION RABE (XLAT)
L THIS FUNCTI®N CALCULATES THE RADIUS 8F THE EARTH

» IN HETERS AT A GIVEN LATITUDE IWN DECIMAL DEGREES
C
b THE EQUATORIAL RADIUS 6F THE EARTH 15 :
RADER = 6378206.4
L DOUBLE THE LATITUDE IN RADIANS IS

BLATR = XLAT#3.14159265359/90

RADE = 0.998327073+40.00167643B+C85(DLATR)
RADE = RADE-0.000003519+C85(2+DLATR)

RADE = RADE+0.000000008+CBS(3+DLATR)

RADE = RADE+RADEQ

RETURN

END

SUBKRGUTINE LALS (XLAT,XLONO,LAT,LORE)

THIS ROUTINE CONVERTS LAT & LOMG FRON FLBATING FT.
76 INTEGER (DEG-HIN-SEC)

o

HALFSEC = 1./7200.

R = XLAT
Ig 30 I=1,2

R = R+HALFSEC

Il = K

RD = ID

X = (R-KDJ+60.

IN = X

XH = I#

X5 = (X-xH1#60.

IS = X5

IF (1§.L7.60) 66 T8 10

15 = 15-50

IH = IH+1

IF (In.LT.60) G& T4 10

I = IH-60

II = 1D+

10 CONTINUE
L = ID#10000+IH+100+18
IF (1.EG.2) 6§ T8 20
LAT = L
K = XLONG
Ge 18 30
20 LONG = L
30 CONTINUE
RETURH
END
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Table C-6. Sample output of analysis program (Table C-5)

STH HRT TéW  DIST. EACH DIST. EACH  87. LINE L0IFF. ADIFF. AYG SFEERD

TIKE RECERD STH RECERD BISTANCE 1-87. 5-67. { M/SEC)

3203 8.00 1476.11 1456.48 1434.24 1.50 218 J.034
4 138 4.20 821.06 801.40 794,43 3.39 .90 2.155
5 141 §5.53 B03.%9¢ J94.67 794,12 1,24 <07 2.394
6 11é  4.59 3188.63 369.33 360.17 7.90  2.54 1.353
d 115 14,57 16469.03 1598.11 1175.38 42.80 35.97 1.828
8 183 7.18 701.%1 £82.73 $39.82 .38 3.47 1.584
y 32 9.43 1718.69 1701.52 1686.63 1.90 .88 3,004
10 235 9.25 1127.83 110%.50 1099.32 2.59 .93 1.99¢9
11 253 11.0% 1120.47 1090.45 1079.33 3.8 1.03 1.64%
12 212 8.33 739,94 A28.25 715.48 .22 1.78 1.456
13 189 8.47 838.64 816.04 B13.66 2.82 .05 1.4606



