Fiskeno.sHavet

RAPPORTER OG MELDINGER FRA FISKERIDIREKTORATETS
HAVFORSKNINGSINSTITUTT BERGEN

-

BT TN e

SERIE B NR.
1973

8




Restricted distribution,
varying according to

contents.

THE DATA LOGGING SYSTEM OF R.V. "G.O.SARS"

DESCRIPTION OF SOFTWARE

by

Johan Blindheim and Per Eide
Fiskeridirektoratets Havforskningsinstitutt

Boks 2906, 5011 Bergen-Nordnes

Editor
Erling Bratberg

SERIE B NR. 8
1973




CONTENTS

INTRODUCTION

SYSTEM CONFIGURATION, HARDWARE
DESCRIPTION OF THE SOFWARE
DISCUSSION

REFERENCES

APPENDIX 1

APPENDIX 2

APPENDIX 2

Page

14

15




INTRODUCTION

When the Institute of Marine Research planned it's research vessel

"G.0.Sars", it was decided to include a computer centered data
acquisition system in the equipment of the ship. The intention
with the system was to obtain automatic and accurate data
collection from various instruments which should be connected
on-line to the computer. A need for this was particularly

felt in the use of echo sounders which had developed requirements
for data acquisition at rates which were impossible by more
convential methods. The computer should also perform data re-
duction and necessary processing in real time. Reduced data and
real-time products should be stored on paper tape for further

management onboard or ashore.

The contract for planning the system, including choise of computer
with peripherals and construction of interface units for the
instruments to be logged, was placed with the Central Institute
for Industrial Research, 0Oslo. The software of the system was
made by this institute and the Institute of Marine Research in
cooperation. The hardware, and also parts of the software,

of the system is earlier presented by JAHR et al. 1970 and a

paper on the use of the system is earlier presented by BLINDHEIM
and EIDE 1971.

Since the system became operational and experience in practical
use has been gained, several modifications have been made.
This report describes the modified software of the system and

summarizes briefly its hardware configuration.
SYSTEM CONFIGURATION, HARDWARE

The data logging system is built around a NORD-1 computer

which has paper tape input/output (I/0) units. A block dia-
gram of the system is shown in Fig.l and specifications for
the different peripheral devices are entered in Table 1. As

indicated in Fig.l, the system is collecting data from a wide




variety of instruments within the fields of oceanography,
meteorology, hydroacoustics and navigation. Many of the instru-
ments give analog inputs and are connected to the computer wia
a multiplexer and an analog to digital converter (ADC). Other
instruments produce digital outputs. These are given device
numbers and connected directly to the I/0 channelse of the

computer.

The data acquisition from these sources is governed by inter-
rupts generated by the real-time clock and the ship's log.

From the log an interrupt is given every tenth of a nautical

mile outsailed distance and the interrupts from the real-time
clock occur at a rate of one Hz. More details about the sampling
which is performed on log interrupt is entered in Table 2,and

in Teble 3 is the sampling activities occurring on each clock

interrupt summarized.

In some case it is necessary to sample the echo sounders at
rates up to 50 kHz. For this reason the echo sounders can be
connected to the computer wia an acoustic interface unit
(Simrad Computer Interface Unit) and a fast ADC., The interface
unit gives interrupt to the computer when sampling shall start
and stop, the interrupt occurring when the echoes are received
from the upper and lower limits of the depth interval to be
sampled. In the interface unit the timing of the interrupts is
controlled by an adjustable electronic counter. The greatest
possible depth to the upper limit is 400 m and the magnitude

of the depth interval itself can not exceed 200 m. This
corresponds to a time interval of approximately 0,3 sec. 1In
order to avoid loss of interrupt from the lower priority real-
time clock during these periods, the low interrupt rate of one

Hz has been chosen for the clock.

One of the teleprinters which is involved in the system serves
as operators keyboard terminal in the acoustic instrument room.
The rest of the system is placed in one room where the com-
puter, the papertape I/0 units and the interface electronics

occupy three instrument racks. Both these rooms are on the




bridge deck level adjacent to the Operations Centre from where

the research activities of the ship are currently coordinated.

DESCRIPTION OF THE SOFTWARE

The standard software of the NORD-1 comprises the programming
languages MAC Assembly and debugging system, FORTRAN II,
FORTRAN IV and BASIC. Considering the reguirements it was
evident that assembly coding had to be applied for the pro-
gramming of the system. During its further design two charac-
teristic features had to be considered: Firstly that the hard-
ware configuration made it necessary that most of the system
software should be core resident, and secondly that some of the
data collection should be done at a speed which required the
ful capacity of the computer. During the programming phase it
was, therefore, thought more of compactness and speed than of
generality. One of the means for obtaining this was to utilize
the effecient priority interrupt system of the computer so

that time shearing could be applied for the different data
acqguisition programs and processing routines which accordingly
were plased on the different priority interrupt levels. Here
the priority of the data collection and processing were given
priority according to sampling rate and necessary speed. Slower
procedures as for instance output were given low priority.
Further a compact operation system was incorporated and re-

entrant I/0 routines were made specially for the system.

Since the system is supposed to be working constantly when the
ship is at sea, it was considered important to have also the
possibility to apply more casual programs when the system is
working, This is achieved by placing the MAC assembler on
Level 1. 1In retaliation some programs belonging to the system,
but not in regular use, are read into the memory by means of
the assembler only when they are needed. This 1is done in order

to reserve a sufficient part of the core store for general use.

A listing of the system software is entered in Appendix 1 and a
short description of the programming on each level is compiled

in the following.




LEVEL 15
Start: Interrupts from the acoustic interface unit.
Operations: Identification of interrupts for start or stop of

data collection from the echo sounder. Reading of

counter indicating depth of acoustic sampling.
Products: Interrupts to Level 14.

Description: The fast data collection from the echo sounders
which requires the ful speed capacity of the computer,
is given the highest priority. The acoustic interface
unit gives interrupt on Level 15 to start or stop the
sampiing. These interrupts are identified and interrupts
are given to Level 14 accordingly. Further is an
electronic counter in the acoustic interface unit read
when the interrupts are given. According to the inter-
rupt these readings give the depth to, and the magnitude
of the interval to be sampled. The maximum possible
depth to the upper limit of the interval is 400 m and

the magnitude of the interval can not exceed 200 m.
LEVEL 14
Start: Interrupt from Level 15.

Operations: Reading of echo signals from echo sounder wia

10-bit ADC. Reduction and processing of the collected
data.

Products: Characteristic parameters of echoes from single targets.

Interrupt to Level 5 for output when adequate.

Description: The intention with the fast sampling of the echo
signals which is done on this level is classification
of echo traces based on reflection patterns of single

targets. For this reason a procedure is applied which




utilizes all echces received from a single fish when it
passes through the acoustic beam from the echo sounder.
The method is described by MIDTTUN and NAKKEN 1971 and
here shall only be summarized what is done in the com-
puter. The processing of the echo signals is splitted
into three phases. About 20 micro seconds between each
sample is utilized for the first phase. Here the program
keeps record of when the fish comes into and fades out
of the acoustic beam. Before the sample is considered
valid and stored in memory, tests on treshold and pulse
length are also performed. The sampling may go on up

to about 0,3 seconds on each transmission (when the inter-
val to be sampled is 200 m) and the rest of the time
before the next pulse transmission is more than suffi-
cient for the second phase of processing and data reduct-
ion. During this phase the maximum amplitude of the
current echo signal is recorded, the echo integral and
the pulse length at 50 % of maximum amplitude is com-
puted. This is done for each ping when the target
passes through the acoustic beam. After the target has
faded out of the beam the depth to the target is worked

out and also the reflection angle of the target given by

v (n+1)

8 = LA

2 arctan 5 DD

where v is the speed of the ship in cm/sec., n is the

number of echoes received from the target, D is the
depth to the target in cm and P is the repetition rate
of the echo sounder in number of transmission per sec.

The echo strength of each echo is computed by

Es = k+20 log oD

where k is constant, o is the voltage sampled from the

echo sounder and D is the depth to the target.

A program which optionally can be combined with the classi-

fication program plots the envelope curve of the echo




signals on the drum plotter. An example of this is shown

in Fig. 2.

On Level 14 there is also an option for getting the
specter of echo strengths received from the sampled inter-
val in a chosen number of transmission. In that case

the computer observes the peak values in all echoes
received. Every signal exceeding the noice treshold is

then considered as an echo.

An option for processing of bottom back scattering data

is also included. It has, however, not been much applied
as vyet,

LEVEL 13

Start: Interrupt from the real-time clock.

Operations: Data acquisition from gyro compass, ships log,

meteorological instruments, digital depth recorder, echo

integrators and STD system.

Products: Position (updated by dead reckoning), N-S and E-W
components of the ships speed, wind speed and direction,
date and time. Interrupts to Level 12, Level 5, Level 4
and Level 3 for Decca position, punching of STD data,

routine output and listing of STD data respectively.

Description: The signals from the gyro compass are digitized
in the interface (coding disc.). Decoding of the digi-
tized input is done by software and correction for the

ship's speed and latitide is done by

& = arctan ( v-sin C )
- 900 cos ¢ sin C

where 6 is the correction of the course in radians, C 1s

the uncorrected course of the ship obtained. from the

gyro compass and v 1is the ship's speed and ¢ is the latitude.
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From the course and speed of the ship N-S and E-W compo-
nents of its velocity are worked out. These are used

in the updating of the ship's position by dead reckoning
and further when working out true wind speed and di-
rection from the relative wind observed on the moving

ship.

The interrupts from the real-time clock are also used
for updating the time every second and the date when

adequate.

The STD-data are received in the form of frequencies
proportional to salinity, temperature and depth. These
are fed into the computer wia frequency counters and the
parameters are derived by linear interpolation within
the frequency interval defined for each parameter.
Instrument calibration constants are supplied to the
computer by the operator and are applied in the program.
Computations of 0, (Density of the sea water), 40 (speci-
fic volume anomaly) and 4D (dynamic depth anomaly) are
done in real time and can be printed out according to
program, normally every 5 second. An example of STD-
listing with depth, temperature and ¢y is shown in Fig.é6.
The computation of 0, is done as given by KNUDSEN (1901)
and rearranged by SZLEN 1958.

0, = D+(C+0,1324) (1-AT+BT (C-0,1324)

where

. (t-3,98) 2 (£+283)

= 503 .57 (£167,26)
C = 28.1263+0.806 (S—35)+(S5-35)2.0.23-10" 2+ (S-35)°0.68-10" °
2 3 3
AT = (4.7867+t-0.098185 t°+0.0010843 t°) -10
2 3 6

BT = (18.03 t-0.8164 t2+0.01667 t°) -10

t 1is the temperature in °c and s is the salinity.




The computation of m 1s done as given by BJERKNES (1910)
and SVERDRUP (1933).

10%% = (o (s,£)-0.972643) -10°- (1-4.66-10"°.P)+a (s, t) -
4 c_28 a5
p-10"%(a (t,p)+ S728 .m(t,P)-1.85+p-4.07")
where
a (s,t) = 1 3
1461'10_
and
2 3. .4
G(t,P) = 28.33 £-0.551 £2+0.004-t>-10"%P(9.5-0.158 t)+
1.5-10”8-92
H(t,P) = 147.3-2.72 t+0.04 t2-10"%P(32.4-0.87 £+0.02 t2)

C is the same as in the computation of ¢, t 1s temperature,
S is salinity and P is the pressure in d bar.

10% AD is worked out by integration of Ao .

107 4D = 10”7 4o dp

Here P 1is simply exchanged by the depth in metres which

introduces only a minor error.
LEVEL 12
Start: Interrupt from Level 13.
Operations: Data acquisition from DECCA navigator.

Products: DECCA position.

12




Description: The signals from the DECCA navigator are read every
second and the position is computed in degrees and minutes
of iatitude and longitude. The applied geometry is
explained more in detail by J.CASPERSEN in a note which
is entered in Appendix 2 (in Norwegian). When initi-
ating this program the operator has to feed the current
DECCA coordinates into the computer together with identi-
fication number of the DECCA chain to be applied as ex-
plained more in detail in Appendix 3 . Fixed constants

for the various chains must be kept in program.

LEVEL 11.

Start: Interrupt from teleprinter, paper tape reader or the

ship's log.
Operations: Identification of interrupts.
Products: Interrupt to Level 10 on interrupt from the log and

interrupt to Level 9 on interrupt from paper tape reader

or teleprinters.

Description: When input shall come from any of the teleprinters
or from the paper tape reader, an interrupt is wired in
hardware to occur on this level. The ship's log also
give an interrupt on this level for every tenth of a

nautical mile outsailed distance.

The programming identifies the interrupts and gives inter-
rupt to other levels accordingly. The activities which
are governed by interrupts from the log are placed on

Level 10, and Level 9 is activated if input from the

other devices generates interrupt.

LEVEL 10

Start: Interrupt from Level 11.

13




Operations: Data acquisition of sea surface temperature, sea

surface salinity and transparency of the sea water.

Products: Average of the ship's speed, temperature, salinity

and transparency in the surface layer of the sea for each

nautical mile outsailed distance. Echo abundance per

nautical mile.

Interrupt to Level 4 and Level 3 for

output when adeqguate.

Description: Activities governed by interrupts from the ship's

log are placed
every tenth of
initiates data
be observed in

data reduction

on Level 10. The log gives an interrupt
a nautical mile outsailed distance and

collection routines for the parameters to
the surface layer of the. sea. Associated

and averaging, for instance per nautical

mile, 1is further done according to program. The program

also give interrupt to Level 4 for routine output on

paper tape and

mile outsailed

teleprinter, normally for every nautical

distance.

Also the echo abundance value 1s accumulated over an

adequate distance, normally 5 nautical miles, which can

be set in program by the operator. Interrupt is given

to Level 3 for

LEVEL 9

Start: Interrupt from

output.

teleprinter keyboard.

Operations: 1Initiation and termination of programs as adeguate.

Printout of current value of any parameter on regquest.

Description: The programming for the operation of the system

occupies Level

different data

9. This comprises initiation of the

acguisition programs including incertion

of initial values of some parameters which are used 1in

associated processing. In some of the routines it is

also allowed for correction of current values when

necessary. This is for instance the case in the routine

14




for the dead reckoning position.

More details about this operation system are entered 1in

Appendix 3.
LEVEL 8
This Level is not used.
LEVEL 7
Start: Interrupt from teleprinters or paper tape punches.
Operations: Identifications of interrupts.

Products: Interrupts to the level on which the interrupting

device was triggered.

Description: If output is performed when the interrupt system
is on, the output devices are programmed to give inter-
rupt to Level 7 when each output instruction is executed.
The program on Level 7 identifies the interrupting

device and gives interrupt to the level where the device

is working.
LEVEL 6
This Level is not used.
LEVEL 5
Start: Interrupt from Level 14 or Level 13,
Operations: Output of acoustic data and STD-data.
Products: The programming on this level comprises routines

for printout of echo classification data and echo

strength data, and further for output of STD-data on




paper tape. For the acoustic data only data lists
are produced, and examples of these are shown in Figs. 3

and 4,

The output rate of the STD-data on paper tape is one

set of parameters per second.

LEVEL 4

Start: Interrupt from Level 13 or Level 10,

Operations: Output on punch and teleprinter every nautical mile

and every hour.

Products: Data record on paper tape and lists. Interrupt to

Level 3 for output of echo abundance.

Description: This level holds the programs for output on tele-
printer and punch every whole nautical mile outsailed
distance and every whole hour, triggered by interrupt
from the ship's log and the real-time clock respectively.

An example of such routine listings are shown in Fig. 5.

The data are simultaneously punched on paper tape to-

gether with identification characters for each parameter.
LEVEL 3
Start: Interrupt from Level 13 of Level 3.
Operations: OQutput on teleprinter.
Products: Data lists for STD-data and echo abundance.
Description: This level holds output program for the echo

abundance data obtained from the echo integrators.

These data are produced only on data lists since the

16




next step in their management has to be done manually.

The program is triggered by interrupts originally coming
from the ship's log and the distance travelled between
each printout may be set by program, normally a distance

of 5 nautical miles is chosen.

The program for listing of STD-data is also placed on
this level. It is governed by the real-time clock and

the printout rate may be chosen by program.

The printout of the three derived parameters, ¢;, Aa and
AD is optional. The maximal printout rate allowed by
the capacity of the teleprinter is one set of parameters
every fifth to seventh second depending on the para-

meters printed. An example of an STD-listing 1s shown

in Fig.6.
LEVEL 2
This Level is not used.
LEVEL 1
Start: Interrupt from the operation system on Level 9.
Operations: Application of assembler when the system 1s running.

Description: The MAC-assembler, the assembly language of the

computer, is placed on Level 1. This facilitates the
application of the system by enabeling programs to be
assembled and executed in time shearing with the rest
of the system. Further the operating procedures become
more flexible since it gives access to all debugging
facilities in the assembler. It also offers posibility
of leaving out of the system programs that only occasio-
nally are used in real time. This is for instance done

with the voluminous routines for the drum plotter.




LEVEL 0O
Start: When priority allows.

Operations: Waiting mode or operations according to background

program.
Products: According to background program, normally none.

Description: When no program on higher priority interrupt levels
is busy, the control is given to Level 0. When the com-
puter is working on Level 0 it is consequently in a
waiting mode, but it may still be executing an application
program. In this system Level O has been much utilized
to hold programs for updating the numerical display which
may be displaying any parameter as for instance the

current position of the ship.
DISCUSSION

Introductorily the intentions with the system was outlined and
it appears from this that the two main tasks for the system is
firstly data acquisition and secondly storing of reduced and

preliminary processed data on paper tape.

The data storage on paper tape has offered some problems. During
the planning phase of the system paper tape was considered as a
reliable data storage medium. The amount of data which is pro-
duced by the system described above is, however, somewhat too
large for storage on paper tape. The resulting guantities of
tape are very clumsy to handle and easily broken. This makes

the further data management onboard rather time consuming and

is to some degree a limiting factor.

It has also been difficult to keep the paper tape punches working
satisfactorily over periods like a research cruise of about a
month. The punches which originally belonged to the equipment

were very problematic and had to be exchanged. The substitutes




are far better, but even with these it occurs that erroneous

characters are punched, particularly just after the start of

the punch.

As to the data logging from the different instruments the system
has worked quite satisfactorily. Particularly in connection with
data collection from the STD-system, and'alédlfrom the acoustic
instruments, it has proved a valuable tool. The advantage here
is that the computer presents digital data in real time (as far
as the STD-system concerns also derivatives) where the instru-
ments precent only an analog paper record. To digitize these
data would otherwise be a cumbersome and lengthy job, and it

would not be possible to obtain the accuracy of the computer.

In the present and previous use of the system i1t's flexibility
has been sufficient. 1In particular has the possibility of
using the assembler on Level 1 been useful as well in the use

of external programs as in on-line control of the system.
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Table 1.

connected to it.

Specifications of the computer and peripheral devices

UNIT

SPECIFICATIONS

PAPER TAPE PUNCH

(two units)

PAPER TAPE READER

KEYBOARD TERMINAL

(tree units)

DRUM PLOTTER

MULTIPLEXER AND
A/D CONVERTER

A/D CONVERTER :

NUMERIC DISPLAY

NUMERIC INPUT

BOUY DATA RECORDER

Type: FACIT 6040

Type: Elliot TRM 250
Speed: 250 characters/S

Rack mountered

Type: Data Dynamics ASR - 33 teletypes
Speed: 10 characters/S

Type: Calcomp 563
Speed: 300 steps/S
Resolution: 0,1 mm

Plotting width 30 inches

Type: Raytheon Miniverter

Number of channels: 24 (extendable
to 64)

Number of bits: 12

Through-put rate: 35 kHz

Input voltage: ¥ 10 volts

Type: Raytheon Miniverter
Number of bits: 10
Through-put rate: 50 kHz
Input voltage: ¥ 10 volts

Type: LED display made at Central
Institute for Industrial Research.

12 digits in four groups.

Type: Thumbwheel switch input made
at Central Institute for Industrial

Research. 12 digits in four groups.

Type: TANDBERG 1600x, modified by
Chr. Michelsens institute. For input
from magnetic data tapes produced in

oceanographic bouy instruments.




Table 1 continued

UNIT

SPECIFICATIONS

COMPUTER, NORD-1

CORE STORE: 16 K (extendable up to 64 K)
WORDSIZE: 16 bits

CYCLE TIME: 1,7 Us

CPU: Hardware floating point arithmetic,
7 programmable registers, control flip-
flops and ful parallel operation.
INTERRUPT SYSTEM: 16 priority interrupt
levels with multiprogramming system.
OPTIONS: Two direct memory access
channels with a total transfer rate of
588 K words/s.

Two I/0O channels with capacity of up to
256 device numbers in four groups.

Real time clock.

Memory protect system.
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Table 2. Sampling activities on log interrupt every tenth of a
nautical mile. Real time processing on log interrupt.
Instrument Parameter Type of Data processing and reduction
input in real time,
Thermosa- SST Analog Mean sea surface temperature
linograph per n. mile.
5SS Analog Mean sea surface salinity
per n. mile.
Transpa- Trans- Analog Mean transparency per n. mile.
rencymeter parency
Echo-~ Echo- Analog Echo abundance integrated
integrators abundan- over latest n. mile,
ce
Real-time Mean Mean speed through latest

clock

speed

23
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Table 3. Sampling activities and real-time processing every second
on interrupt from the real-time clock.
Instrument Parameters Type of Pocessing and data reduction
' input in real time.
Gyro Course Digital N-S and E-W components from
course and speed. Dead reck-

Ships log Speed Analog oning position.

Decca Red,green Analog Decca position

navigator and purple
lane

STD-system Salinity Digital Values obtained from instru-
Tempera- " ment freguencies and adjusted
ture according to instrument cali-
Depth " brations, products computed

(ct,Aa and AD).

Depth indi- Echo Digital

cator depth

Echo inte- Echo abun- Analog Accumulation

grator dance

(6 channels)

Air-thermo- Air temp. Analog Mean for last ten minutes

meter

Psyckro- Dew point Analog Mean for last ten minutes

meter temperature

Barometer Alr press- Analog Mean for last ten minutes
ure

Anemometer Wind speed Analog Mean for last ten minutes

Wind wane Wind di- Analog Mean for last ten minutes

rection
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THERMO/ WIND ECHO- ECHO - DEPTH TSD
LOG SAL-GR. TRANSP.M PHOTOM. SP.DIR. AR TEMP BAROMET. DECCA INT. SAMPL . GYRO IND. SYSTEM
J vV
MULTI-
PLEXER
A/D A/D
CONV. CONV,
12 BITS 10BITS
1 A 1 1
1
A 3 4
REAL
BUOY TIME TELE- TELE- TELE- PT. PT. PT BRUM
DATA CLOCK TYPE TYPE TYPE PUNCH PUNCH READER PLOTTER
Y
COMPUTER
CORE MEM;
16 K words
16 bits
Fig. 1. Block diagram of the data logging system on R.V. "G.O.Sars".
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Fig. 2. Plot of the envelope of five echoes from a single fish

YES?

BG

GAIN =31
EATE 96

TITAL 20
FraME 6

INTEGF.

¥AY R -
I'ATE 71

TIvE

23 59 A

LYF 1Y
69 e
7 z
70 Pt
73 1
71 R
/1 2
7 3
“g P
56 3
83 'z
Se &
AN =
55 /
At 3

Fig. 3.

as it passed through the acoustic beam. The echo

sounder was sampled at a rate close to 50 kHz.
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YES?

BG
GAIN -82
RATE 48
TOTAL 200
FRAME 0
INTEGR. -1
MAX DB -20
CATE 71 05 07
TIME LaT LONG LOG SPD STMP SSAl. TRSP LDPT CRS
20 38 61 5.6 -7 21«7 325.5 2.2 9.5 32.3 66.2 691 311
1 -34
2 -35
4 -36
6 -37
14 - 38
57 -39
60 40
65 -41
85 -42
105 -43
92 -4y
112 -45
96 -46
97 -47
123 - 48
116 - 49
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102 -51
23 -52
6 -53
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3 -67

Fig. 4. Printout of the echo strength distribution.
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LATE 73 05 04

TIME LAT LONG LOG SPLC STMP SSAL  TRSP DPT CRS
17 27 59 22-90 3 356 7470 37 28 13¢8 203 242 398
17 33 59 23¢1 3 35«5 7480 102 7«1 3de4 40+9 241 356
17 39 59 24.1 3 354 74940 9B Tel 345 416 242 358
17 46 59 25.2 3 352 7500 BeB 7+1 345 411 243 356
17 51 59 26.2 3 35.1 7510 107 70 344 408 244 359
TIME LAT LONG LOG PRES AIRT DEWP LUXM WF j

b F WDIK
I8 00 59 26.3 3 35:2 751010106 73 60 00 16 72
TIME LAT LONG LOG SPD STMP SSAL TRSP L[PT (RS
i8 20 59 27.3 3 350 75240 21 69 342 403 242 356
18 26 59 28.3 3 349 7530 99 6.9 34.2 39.7 242 357
18 33 59 29.4 3 348 754-0 Be7 6:9 341 39.6 241 356
TIME LAT LONG LOG PRES AIRT DEWP LUXM UF WLOIR

19 00 59 302 3 34.8 7540810103 77 5.0 Ge0 13 84

Fig. 5. Routine printout on interrupt from the real-time clock and

from the ship's log.

ST NO 43t
DBSERVATIONS: 6
KORREKSJON FOR DYP:? 0.0 TEMPERATUR: 0.00 SALTHOLDIGHET: -0.060

DATE 73 0S5 27
TIME LAT LONG LOG SPD STMP SSAL TRSP DPT CRS

14 45 76 47.8 14 13.0 6532 115 =07 34.1 318 79 235

DEPTH TEMP. SAL. SIGMA-T D-ALFA DELTA-D
4 «-0e71 34180 27 44 65.32 5160.90

4 =0:75 34011 2745 64040 516090
8 =073 34.09 27.43 66+03 5186405
13 «0e76 34.06 27.40 68.51 5223.85
19 -0+82 34.10 2743 65+39 526145
23 -0e84 34410 27 44 65.31 5286448
29 -0-84 34.10 27.44 65.03 5323-84
36 =085 34.16 27.48 60.72 5372.19
42 =080 34+ 24 2755 S54.06 540426
48 =0e 75 34.31 27.61 48.99 543377
53 =016 34.45 27.69 41631 5456.0°%
61 151 34.76 27.84 2715 5469.752
65 2407 34.91 27.91 2061 5479.31
69 2. 64 35.02 2795 1673 5486.00
YES?

103))

Fig. 6. Listing of STD-data. Sigma-t, D-alfa and Delta-D are

computed simultaneously with the lowering of the probe.
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APPENDIKS 2

Beskrivelse av en regneprosedyre til & konvertere DECCA-av-

lesninger til geografiske koordinater.

Av

Jan Caspersen

Sentralinstitutt for industriell forskning.

INTRODUKSJON

DECCA Navigasjonssystem er na fullt utbygget langs Norges kyst
med i alt seks kjeder. Denne rapport presenterer rutiner for
konvertering fra Decca-koordinater til geografiske koordinater.
Bare selve verktgyet (ligningene) er tatt med, uten de teo-

retiske utledninger.




PARAMETERLISTE

RLN

ALS

AVK

N

basislengde fra master til slave (redusert).
avstand fra master til punktet P.

avstand fra master til punktet P (redusert).

vinkelen fra rett nord til linjen gjennom P.
vinkelen fra rett nord til linjen gjennom slaven.

Legendres vinkelkorreksjon.
1

r
linjetallet, index M ved master og S ved slave.
riktig linjenummer.

antall linjer i sonen.

avlest kodetall.

tall som avlgser kodebokstaven.

masters geografiske lengde.

masters geografiske bredde.

slavens geografiske lengde.

slavens geografiske bredde.

redusert geografiske bredde.

< = 0.996659151, eksentrisiteten.
breddekoordinat i forhold til master.
lengdekoordinat i forhold til master.
jordens store akse.

jordens lille akse.

jordens radius avhengig av breddegraden, a' = a cos ¢O.




GEOMETRIEN

Den bygger pa et teorem av Legendre som sier at en sferisk
trekant kan behandles som en plan hvis vinklene reduseres

med;

S A -
T = A b rr sin (6~A) (1)

Dette er 3 av den sfazriske flate, og T kommer ut i radianer.

a' = a cos ¢
o

P /4
/
/
N
////////

7

Fig. 1.

P& fig. 1 er den sfariske trekanten utspent av M (master),
B (slave) og P som er det aktuelle punktet vi gnsker & be-

stemme.




Ved & bruke cosinus-satsen og hyperbelbetingelsene kan

stille opp fglgende ligninger:

2 2 2

PB“ = MB“ + MP® - 2MB * MP * cos(PMB - T,)

B
Ut fra hyperbelbetingelsen defineres en stgrrelse XB,

_ PB - PM
XB - MB

som er konstant for vedkommende hyperbel.

Lgses n& (2) med hensyn pd& cos (PMP - TB), faes

cos (PMB - Tp) = MBi fmgpéM; e’
Av ligning (3) finnes PB:
PB = XB - MB + PM
PB2 = Xé MB2 + PMZ + ZXB‘ MB - PM
Dette settes inn i (4), og det hele reduseres til:
cos (6 - Ay - TB) = %E‘l ;PX§ - Xy

Vi definerer to nye stgrrelser for & f£&4 ligningen litt

penere:
_ MB G2
yg = 3 (1~ Xg)
1
R = p

Innsatt 1 (5) blir resultatet:

cos (6 - AB - TB) =Yg R - X

30

man

(5)




Tilsvarende ligninger fdes mot de andre slavene i kjeden, sa

ligningssettet blir fglgende:

cos (6 - AB - TB) =Yg
cos (6 - AC - Tc) = Yoo
cos (6 - AD - TD) = ¥Yp©

"R - Xg
R - X, (7)
R - X

Disse ligningene er transcendente, og ligningssettet over-

bestemmer 6 og R. Regneprosedyren baseres bare pa to av dem.

BESTEMMELSE AV X

X er tidligere definert (lign. (3))

ut fra hyperbelbe tingelsene

slik at X er konstant for hver hyperbelgren. Fig.Z2 viser en

slik hyperbelgren som ga&r gjennom P.

N

\

Alle punkter pa hyperbelen gjennom P har samme X og fglgelig

samme Y. Videre ma X forandre seg linezrt mellom master og

slave. Det kan skrives:

der 1 = linjetallet for hyperbelen.
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Tenker en seg hyperbelen gjennom M og slik at P ligger i M,
blir PM = O og PB = MB og f¢glgelig XM = +1. Legges P 1 B,
finner vi XB = -1. Av (8) kan det dermed settes opp to
ligninger for & bestemme p og q:

1 master: +1l = p 'lM + g
(9)
I slave : -1l =p 'lS + g
. 2
Dette fgrer til: p = T -1
M S
(10)
2
q=1- -
lM lS

BESTEMMELSE AV LINJETALLET 1

I en DECCA-avlesning er det en koding med en bokstav som angir
sonenummer, og et tall som viser hvilken slave det leses mot og

linjetallet i den bestemte sonen.

Sonene starter med master og vanligvis med bokstaven A. Det
kan visstnok ogsd begynne med andre bokstaver (Dansk kjede ?).
Vanligvis er det 10 soner mellom master og slave, men det kan

ogsd vaere flere, og da begynnes det igjen pd& bokstaven A.

Masters linjetall mot de forskjellige slaver er som fglger:

Master mot slave B: IM = 0
C: lM = 300
" " " D: 1. = 500

For & finne riktig linjenummer ma fglgende gjgres:

9 1

Z ALS. + AVK - Z

RLN S 0

RILN = riktig linjenummer
ALS = antall linjer i sonen (varierer)
AVK = avlest kodetall

72 = tall som avlgser bokstaven i koden
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Eks.: Avlesning B52

B vigser at Z2 = 1, 52 sier at det leses mot slave D, da er ALS

og lM = 500. Dette gir:

RLN =130 + 52 - == + 500 = 532

Linjetallet i sonen varierer som fglger:

ALSB = 24
ALSC = 18
ALSD = 30

KORREKSJONER

Fglgende korreksjoner er aktuelle:

a) DECCA-korreksjoner p.g.a. landlinjen
b) Natt- og dagkorreksjoner

Disse korreksjoner er det ikke mulig & fremstille matematisk

og det kan derfor bare bli tale om & legge dem inn i maskinen

i tabellform, som i sin tur vil bli uhyre plasskrevende.

KONVERTERING AV VINKELEN 6 OG AVSTANDEN r TIL GEOGRAFISKE

KOORDINATER

Denne konverteringen foregar etter fglgende formler:

AP = F - rr(cos 6  + fl' r. + f2' . + e )
AL = G*r_*sine (1 + g, r_ + g r2 + )
r 1 °r 2 r "ttt

idet hgyere ordens ledd slgyfes.

redusert avstand) :

sinz(Qo) co

sinz(Uo)- cos(UO)

[n
il

s
il

3437,75
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De nye

_ .1
£y = = % sins-cos 6-(1L + 3 tg° (8.))
G = 3437,75 —2t
- ! cos U
O
Sin(ﬁo)
9 % s U 08¢

(3 - 2 cosz(®o)) - (4 - 3 cosZ(QO))'sine

g’ =
2 3 c052 U

koordinatene er da gitt av:

@ = @O + AQ (Bredde)

L =L + AL (Lengde)
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APPENDIX

3

OPERATION OF THE SYSTEM
This appendix describes procedures for

operation of the different application

programs in the system.
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ROUTINE FOR UPDATING OF HOUR AND DATE

This routine keeps record of the time (GMT) and the date. When
starting the system the operator must give initial data for
month, day in the month and year, and further for the time in
hours, minutes and seconds. The seconds will be counted from
the final press on the tabulator of the teleprinter when the
routine is started. The following procedure must be followed
(characters written by operator are underlined):

PRINTING COMMENTS
"TAB" YES? Call to computer and response.
BC Code for the computer to identify

this routine.
DATE 19"TAB" 2"TAB" 71"TAB" Date (19 February 1971).
TIME 10vTAB" 55"TAB" O"TAB" TIME GMT e.g. 10.55.00 hours.

OK Final response, program is started.

The time can be printed out any time a code is printed to ask
for it:

PRINTING COMMENTS

"TAB" YES? Call to computer and response.

AC Code for computer to identify routine.
TIME: 10 55 Time in hours and minutes is printed

out.

96




ROUTINE FOR PRINTOUT OF ECHO ABUNDANCE

This is the routine which prints out values of echo abundance
associated with echo integrator deflection. On start of the
routine, constants indicating integrator gain in each of the
six integrator channels must be printed into the computer via
operators teleprinter. Each constant should be the same as the
setting on the gain selector for the associated integrator
channel (0, 10, 20, 30 or 40).

The operator must also give a constant to indicate the outsailed
distance between outputs. If printout is wanted for instance on
log 15, 20, 25 etc., the program must be started when the log is
showing 10, and the constant chould be 5.

Starting procedure is as follows (characters printed by operator
are underlined) :

PRINTING COMMENTS

"TAB" YES? Call to computer and response.

BA Code for the computer to identify
this routine.

CH NO 1 GAIN 10 "TAB" Gain as set on integrator channel 1.

CH NO 2 GAIN O "TAB" Gain as set on integrator channel 2.

CH NO 3 GAIN 10 "TAB" Gain as set on integrator channel 3.

CH NO 4 GAIN 20 "TAB" Gain as set on integrator channel 4.

CH NO 5 GAIN 30 "TAB" Gain as set on integrator channel 5.

CH NO 6 GAIN 40 "“TAB" Gain as set on integrator channel 6.

LOG 5 "TAB" Five n. miles between outputs.

OK Final response, routine started.

There is also a procedure to stop this routine:

PRINTING COMMENTS

"TAB" YES? Call to computer and response.
cA Identification code for computer.
OK Final response before routine is

stopped.

97




ROUTINE FOR THERMO-SALINOGRAPH

This is the routine for sampling of sea surface temperature and
salinity from the thermo-salinograph. When starting the system
the operator must indicate the setting of the temperature and
salinity range selectors on the Thermo-salinograph. For this
purpose the ranges are numbered from left to right consecutively
from 1 to 5. The following procedure should be used for starting,
and it should also be repeated if the setting of the range selec-
tors is changed (characters printed by operator are underlined):

PRINTING COMMENTS

"TAB" YES? Call to computer and response.

BB Code for the computer to identify
routine.

TRANGE 3 "TAB" Constant according to range selector,
temperature.

SRANGE 2 "TAB" Constant according to range selector,

salinity.

OK Final response, routine started.

There is also a procedure to ask for sea surface temperature and
salinity.

PRINTING COMMENTS

" TAB" YES? Call to computer and response.

AH Code for the computer to identify
routine.

Example of printout below:

SEA SURFACE TEMPERATURE: 11.2 SALINITY: 35.1
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ROUTINE GIVING DEAD RECKONING POSITION

When starting the system the operator must apply the procedure
below to give initial values of the position. The same procedure
can also be used if the position for some reason has to be
corrected. For latitude south and longitude west the degrees

as well as the minutes must have a leading minus.

PRINTING

"TAB" YES?

BD

LAT 63" TAR" 25.5"TAB"
LONG -5"TAB" ~19.1"TARB"
OK

COMMENTS

Call to computer and response.

Code for the computer to identify
routine.

Latitude 63° 25.5'N
Longitude 05°19.1'w

Final response, routine started.

The position may also be printed out any time a code is printed

to ask for it:
PRINTING

"TAB" YES?
AA

LAT 63 30.5 LONG 5 18

COMMENTS

Call to computer and response.
Code to identify the routine.
position. 63°30.5'N 5°18'E.




ROUTINE FOR THE SHIP'S LOG

When the system is started, initial values for the ship's log must
be given by the operator so that the reading from the log meters
are in agreement with the outputs from the computer. The following
procedure for initiating the log routine can be repeated to give
corrections if necessary. (Characters printed by operator are
underlined)

PRINTING COMMENTS

“TABY YES? Call to computer and response.

BE Code for the computer to identify
routine.

LOG 716.4 "TAB" Log value entered to the first decimal
place.

OK Final response, routine started.

There is also a procedure to ask for the log reading:

PRINTING COMMENTS

"TAB" YES? Call to computer and response.

AE Code for the computer to identify
routine.

LOG 718.3 Printout of log reading.

100




ROUTINE TO ENTER CALIBRATION DATA FOR STD-SYSTEM

Calibration constants for the STD-system must be entered when
the data logging system 1s started. These data are printed on
the listing for every station. The following procedure is used.
(Characters printed by operator are underlined) :

PRINTING: COMMENTS ¢

"TAB" YES? Call to computer and response.

BJ Code to identify procedure in computer.
CORRECTION FOR DEPTH 7 Depth correction in metres.

TEMPERATURE 0.02 Temperature correction in °c.

SALINITY -0.03 Salinity correction in %.

OK Final response.
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ROUTINE FOR THE STD-SYSTEM ON STD-STATIONS

This routine must be started every time an STD station shall be
worked and stopped when the station is completed. The operator
must enter station number and amount of parameters to be printed
out. Depth, temperature, salinity, sigma-t, D-alfa and delta-D

are printed out from left to right. 1If 6 is entered after the
legend "OBSERVATIONS" in the procedure below, a printout is pro-
duced every 6th second and all six parameters are printed. It

3 is entered only the 3 parameters from the left are printed

and a printout is produced every third second. (Characters printed
by operator are underlined):

PRINTING: COMMENTS :

"TAB" YES? Call to computer and response.

BI Code to identify routine in computer,
ST NO 186 Station number.

OBSERVATIONS 6 Print frequency and number of para-

meters to be included.

The routine is now started and headings are printed out.

When stopping the routine the following procedure should be used:

PRINTING: COMMENTS :
"TAB" YES? Call to computer and response.
CD Code to identify stop in computer.

OK Final response, routine stopped.
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ROUTINE FOR ECHO CLASSIFICATION

Some of the software sequences in the echo classification routine
are included in the routine giving echo strength distribution.
Also the starting procedure is common for the two routines and
the code with the legend "PROGRAM" indicates which program to be
started. The complete start procedure for echo classification is
entered below (characters printed by operator are underlined):

PRINTING COMMENTS

"TAB" YES? Call to computer and response.

BG Code for computer to identify routine.

GAIN -82"TAB" Gain depending on setting of echo
sounder and interface unit.

RATE 48" TAB" Ping rate of echo sounder, 48 or 96.

TOTAL 100" TAB" Number of fishes to be classified.

FRAME 4" TAB" Depth interval to be sampled around
target e.g. 4 m.

PROGRAM 0" TAB" Code for choise of option,classifi-
cation.

MAX DB -30"TAR" Max. dB value in table according to

fish size.

OK Final response, routine started.

The routine stops automatically when the indicated number of fishes
is observed and the final table printed out. If it for some reason
must be stopped before, the following procedure can be used:

PRINTING COMMENTS
"TAB" YES? Call to computer and response.
CB Code to identify stop routine.

OK Final response, routine stopped.
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ROUTINE FOR ECHO STRENGTH DISTRIBUTION

This routine which gives the distribution of echo strengths ob-
served in a given number of transmissions, can not be operated
simultaneously with the echo classification routine. The start
procedure entered below has many features in common with the
start procedure of the echo classification. (Characters printed
by operator are underlined):

PRINTING COMMENTS

" TAB" YES? Call to computer and response.

BG Code for identification of procedure
in computer.

GAIN -82 "TAB" Gain depending on setting of echo
sounder and interface unit,

RATE 48 “"TAB" Ping rate of echo sounder, 48 or 96.

TOTAL 50 "TAB" Number of ping to be processed.

FRAME Q "TAB" Zero should be entered.

PROGRAM - 1 "7aAB" Code for choise of option, echo streng:

MAX DB O "TAB" Zero should be entered.

OK Final response, program started.

The routine stops automatically after printout of the echo strength
distribution.
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ROUTINE FOR DECCA NAVIGATION

When the program for DECCA-navigation shall be started it is
necessary to enter initial DECCA-coordinates for the current
position of the ship. This is also necessary when the DECCA-
navigator is switched over from one DECCA-chain to an other. 1In
the initiation procedure below is also included code to identify
DECCA-chain in use. (Characters printed by operator are underlined)

PRINTING COMMENTS

"TAB" YES? Call to computer and response.

CH NO 4 Number to indicate DECCA-chain.

RED GREEN PURPLE Indicates red, green and purple
deccometer.

0 "TABY Letter on red deccometer, A=0, 10
or 20. B=1l,11 or 21 etc.

9.5 "TABY Reading on red deccometer.

8 "TAB" Letter on green deccom&tcr, I=8.

44,9 vTAB" Reading on green deccometer.

22 "TAB" Letter on purple deccometer,.

IAT 63 03.3 LONG -02 18.8 Position printed.,

KEEP = 1, CHANGE = 2 1 If position is correct, 1 is entered,

otherwise 2.

The routine has two error messages POS WR and WRONG ITERATION. If
one of these are printed out, the DECCA routine is automatically
stopped.

The stop routine is as follows:

PRINTING COMMENTS

"TAB" YES? Call to computer and response.
cc Code to stop the routine.

OK Final response, routine stopped.
Decca

The DECCA-position can be printed out when a code is printed to
ask for it:

PRINTING COMMENTS

"TAB" YES? Call to computer and response.
AB Code to identify routine,

LAT 63 03.5 DECCA position 63°03.5'N.

LONG -02 18.8 02°18.8'W.




NUMBERS OF DECCA CHAINS

When starting the routine for Decca navigation, an
identification number of the chain to be applied has
to be entered into program. Numbers for some chains

are listed below.

DECCA CHAIN NUMBER
Finnmark 0
Lofoten 1
Helgeland 2
Trgndelag 3
Vestlandet 4
Skagerak 5
Danish chain 6

North Scottish 7
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ACCESS TO MAC ASSEMBLER

Access to the assembler is obtained in the same manner as the
different application routines are started. (Characters printed
by operator are underlined):

PRINTING: COMMENTS :

"TAB" YES? Call to computer and response.
BK Code to identify access to MAC.
OK Final response, MAC has control.

‘When the use of MAC-assembler is finished, the control is re-
turned to Level 9 by the command ) OFF.
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PRINTOUT OF PARAMETERS ON REQUEST

Besides the parameters already mentioned there is possibility
to ask for the current values of some parameters.

For instance echo depth is obtained by the following procedure:

PRINTING COMMENTS

"TAB" YES? Call to computer and response.
AR Code to ask for echo depth.
DEPTH 289 Echo depth in metres.

Codes for all parameters to be used in the same manner are:

CODE PARAMETER

AR Dead reckoning position.

AB DECCA position.

AC Time, GMT.

AD Reading of shipfs log.

AE Echo depth.

AF Ship's speed, knots.

AG Ship's course, degrees.

AH Surface temperature and salinity.

AT Meteorological parameters, pressure,

temperature, dew point, wind force,
wind direction.

AJ Numeric content in all ADC channels.
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