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AUTOMATION OF HYDROGRAPHIC DATA COLLECTION  

AND PROCESSING IN DENMARK

by G. M 0LLER  RASMUSSEN

REVIEW OF THE DEVELOPMENT OF AUTOMATION

In 1969 the Farvandsdirektoratet (the Royal Danish Administration 
of Navigation and Hydrography) began to take interest in the processing 
of hydrographic survey data by modern automatic equipment. The method 
initially utilized and still successfully used is based on the traditional 
means of data collection employed in surveying ships. After collection, 
the data is converted to a form suitable for EDP processing. To ass5st in 
the conversion, the Farvandsdirektoratet (FRD) obtained a D-Mac Pencil 
follower on which the positions and soundings are digitized. The fairsheet 
is drafted on a Norwegian made KONGSBERG plotter (Kingmatic MK III) 
which was purchased in 1971.

The method itself will not be further described here as it is already 
well known, and will soon be outdated for there is now a very simple and 
feasible way to use system software for the processing of data which will 
be described later on.

For several years it has been apparent that more efficient use must 
be made of survey data and the associated EDP equipment. Additionally, 
there was a need to develop a more rational method for conducting measure
ments along parallel sounding lines, using towed paravanes. In 1972, the 
Hydrographic Office (at that time called S0kort-Arkivet) requested the 
Naval Supply System to assist in the solution of these problems.

A datalogger able to collect data from both the mother ship and the 
paravanes was constructed by the Danish firm Navitronic. Considering 
the amount of data involved, the intention was that the selection of sound
ings should be made in the datalogger itself. For various reasons, how
ever, and as a temporary solution, this selection is being handled in the 
software package, an advantage here being that it allows contouring which 
was found to require a greater number of soundings than originally 
planned. The software has been developed in the EDP section of the Hydro- 
graphic Office, using a modular system which w ill enable a complete 
system to be built up in successive steps.

This paper will report on the system that has been tested and is ready 
for use, and w ill then briefly outline the system that is still being developed.



OPERATIONAL SYSTEM

The data acquisition system

The NAVITRO NIC  ship’s system is built of modules designed to fit 
in standard 19-inch racks. A ll modules are plug-in units, permitting 
immediate exchange of a module, or its replacement by those of more 
advanced design. Figure 1 is a block diagram of the current configuration.

F ig . 1. —  F low  diagram  o f the ship’s system.

Five echo sounders are employed, one in the mother ship, and one in 
each of the four paravanes. The digitized sounding from the echo sounder 
is considered as the starting point. Frequency and length of pulse are 
selected according to the needs of the assignment. The echo sounder is 
free from interference from other acoustic sources, since false signals 
do not have the same pulse lengths, repetition rates or amplitudes and 
thus are not registered. Additionally, all soundings are checked to ensure 
continuity in regard to indicated depth and length of the returned pulse.



The desired speed of sound can be selected from within the interval 
from 1,200-1,599 m /sec.

For parallel sounding, mine-sweeping paravanes of fibreglass are 
utilized. The paravanes are equipped with Atlas SW-56 transducers, at a 
frequency of 30 kHz. Conventional mine-sweeping equipment is used in 
the employment of the paravanes. The towed system has been described 
by H.S.T. B e c h  [1 ],

The paravane cable is produced by the Swedish firm of HABIA and 
consists of 4 leads around a Terylene core, with Tefzel insulation. The 
cable is enclosed in a half-inch steel wire casing manufactured by the 
Danish firm A/S Randers Reb. Tensile strength is 12,000 pounds. The 
maximum tension under normal employment has been measured as
4,000 pounds.

When the final tests were undertaken, a special unit based on the dop- 
pler system was added to allow compensation for heave.

Processing of the field data

A primary task of the Hydrographic Office is to assemble the sound
ing and positioning data collected aboard ship and to process these within 
the Office in order to achieve the highest degree of accuracy in the 
horizontal and vertical planes.

Raw data is collected by the ship (see Fig. 2) at a rate of 3 soundings 
per second, over a time interval of one minute. This interval is then 
screened for the minimum and maximum depths and their corresponding 
navigational fixes, which are then stored on magnetic tape.

Temporary UTM coordinates are used by the ship for plotting the 
actual survey lines run. These coordinates are also used to compute 
directions (at 3 pulses per second) to the automated steering system, in 
order to maintain the vessel as closely as possible on the predetermined 
survey track.

The shipboard computer provides a real-time display for the hydro- 
grapher aboard which includes: UTM coordinates of each fix, soundings, 
distance to predetermined survey tracks, lane distance, distance to end
point, course, suspect soundings, etc.

The Data Processing System

The Office computer software used to read and check the survey data 
is named the HYPOTIC (7/Fperbolic POsition and T/dal Correction) Pro
gram. It converts the hyperbolic or Rho-Rho Fix coordinates and paravane 
positions into geographic latitude and longitude, makes tidal corrections 
to depths, and selects data for further processing (e.g. plotting of all or 
part of the available data), etc.

The HYPOTIC Program is written in the Algol 6 language for use 
in the RC 4000 computer of the Danish Geodetic Institute. Memory capacity 
is 96 K. Figure 3 is a block diagram of the data processing system.



F ig. 2. —  F low  diagram o f the field data processing.

Input consists of the hydrographic data mentioned under the section 
on the Acquisition System. A  brief description of the syntax (see figure 4) 
follows :
A  record consists of a line of figures in sections with the following sig
nificance.

1 character for the length of the record;
1 character for the selector;
1 character for the number of the echo sounder;
4 characters for the depth in decimetres;
4 characters for the time in hours and minutes; 

and a variable number of characters (between 17 and 39) for the hyper
bolic coordinates in centilanes. (Figure 5 is a sample readout.)

In order to execute the program, the following parameters are re
quired:

—  The navigation system utilized (this may be any hyperbolic or 
range-range system or a combination of these systems).



F ig. 3. —  Block diagram  o f the data processing system.

—  The positions of shore stations, frequencies, velocities, coding 
delay (in the case of Loran), and any fixed error (if present) of 
the navigation system.

—  Tidal corrections in tabular form.
—  Choice of computer file to be used during the operation.
—  Ellipsoid chosen (if not the standard).
—  Selected initial point.
—  Exclusion of unwanted sounding lines, etc.

Figure 6 is a sample readout.

Control System  Checks during Load ing

The computer omits data ‘blocks’ i f  they do not correspond with the 
syntax, and prints out the type of error encountered.



The program sections containing the soundings, times, and positions 
are handled separately, as the datalogger has special conventions for 
determining if individual values should be replaced by zero. This would 
be required if there were echo-sounder, chronometer, or navigational 
equipment errors.

For the case of errors which result in such omission of data, the 
program may still be utilized by deducing the missing parameters as 
follows :

(a) Time can be re-established from the average speed of the ship.
(b) Depth is not re-established.
(c) Positions can be calculated if two or more correct positions have 

already been digitized. Positions of zero are excluded.
(d ) I f  only one position has been digitized, depth positions can be

ca lcu la ted  i Fûüi tlïê  tlîïiê  âïid. âv~6ràg6 Spêèd.

The Determ ination  of Position

This depends, of course, on whether the data block is derived from 
the mother ship or one of the four paravanes.

The hyperbolic coordinates are converted into differences of distance 
in metres. The determination of position is an iterative one, as the actual 
geodetic differences of distance are calculated from an initial point. These 
distances are calculated with an error of less than 1 metre, and azimuth 
error is less than 0^.035. Calculation of errors is based on formulae devel
oped by P.D. T h o m a s  [2 ]. Utilization of these formulae, with a non
iterative cycle, results in geodetic accuracies that meet the requirements of 
hydrography, and permits rapid repetition of the procedure. The formula 
for iterative solution corresponds almost completely with the theories of 
W olfgang H e l b l e  [3 ]. Slight alteration of the formula will give faster 
congruity, resulting in a final solution after the very first cycle.

The accuracy of the iterance is as follows:
—  At ranges of less than 22 nautical miles =  2 metres
—  Between 200 and 1,200 nautical miles =  15 metres
—  More than 1,200 nautical miles =  30 metres.

The calculations of the range-range coordinates are based on the same 
mathematics.

The position of the paravanes is determined from the position of the 
mother ship and the azimuth. The error in determination can be con
sidered negligible.

As previously mentioned, the recorded soundings are corrected for 
tide before they are copied.

O utput Data

This is of two types:
1. Corrected soundings and positions in a form usable for further 

program processing with a view to automated cartography/hydro
graphy.
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f-». ps î d fs. L n 
rH rH rH
o  o  o  o  o

O H C M K lJ

o  o  o  o o

cc a : cz a: &  
u u u u o

0aTOo
u
D
O

-C
c
(0

X
•— m
«4- -3*
TO K>
0) CSJ

\fl <—(
O

\ cn
00

(a r̂ .
a> <x>
c ir\
TO ^r
> N-\
TO CM
i_ r—i
TO o
a o

00
CM r-*

Cn
+ 00

CN
c. r«-\

-T
X LTN
(fl ---
l_ O
a: r-H
X ^r
4-) rH
0 -—
E rH rH J-

r*̂ . 1̂5 oo
rH rH r—i
o O o

o rH Csi

o o o

r - H

QC ÙC
o u (->

Cl,

X73
c

a
«3



2. Corrected soundings and geographic positions ready for use in a 
program to produce the fair sheet on the drafting machine.

At the time the program is processed, the following transcript is 
copied by the terminals.

1. Continuous recording (immediate transcription) o f blocks selected 
according to the input data.

2. Recording of errors, with precise identification (see figure 7).
3. Possible test recordings with special reference to program mainten

ance.
The HYPOTIC program involves approximately 91,000 bytes.

ACHIEVEMENTS TO DATE

To what extent is this Data Processing System already operational? 
The development plans show that certain portions of the handling phase 
are still largely experimental. At the moment it is the developmental 
phase which is the most advanced and also the dominant area in data 
processing, but Denmark’s development strategy has been planned in such 
a way that it is difficult to differentiate between the developmental and 
production phases. The modular construction of the system, together with 
the necessity for intermediate solutions (with future production in mind), 
tend to result in constant improvements to the system. As a result, the 
extent to which our hydrographic surveys are being automated is con
tinuously increasing. Though it is impossible to provide exact figures it 
is estimated that for surveys in 1978 approximately 80 %  of all the 
fairsheet work has been accomplished through automation. Figures 8-11 
illustrate both graphic and textual outputs of the system.

DEVELOPMENT PROCESS

A few words on the procedures followed in the development of the 
capability might be useful for others considering similar efforts.

A W orking Group consisting of hydrographers, engineers and EDP 
experts was formed in 1972 by the S0kort-Arkiv and the Naval Supply 
System in order to examine the possibilities of improving surveying 
efficiency. The requirements, almost identical with the capabilities as 
now achieved in the operational system, were formulated by Captain 
K. K a e r g A r d , the Hydrographer of the Danish Navy.

The construction of the data logger was carried out in liaison with 
the Navy Supply System by Navitronic A/S, and the software for the 
control and steering functions by Decca Arkas A/S in liaison with hydro
graphers, in particular the EDP section of the Hydrographic Office where 
the data handling software is generated.
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F ig . S. —  Portion  o f a fa ir  sheet drawn by a Tektronix 4014.

SURVEY TECHNIQUES

Vessel

Any kind of survey ship can be used, but if parallel sounding lines 
using paravanes are desired then a minesweeper of the “Sund” class is 
preferred. A ship of this class has two screws, a displacement of 375 tons 
and a surveying speed of 9 knots. One of these vessels has been specially 
equipped with a survey control room installed next to the chart room.

Positioning systems

The Datalogger as delivered is ready for use with any kind of naviga
tional equipment, and permits simultaneous operation of two hyperbolic 
systems— Toran ( 2 X 6  characters) and Decca ( 3 X 5  characters)— and 
one range-range system, Motorola ( 2 X 6  characters), for example.

Whatever navigational system or systems are chosen, the software 
employed selects the most favourable range values for use in the calcula
tions. Both Toran and Motorola are currently used in Denmark. Since 
these systems are well known there is no need to describe them in this 
article.

Sounding profiles

The introduction of the datalogger has not radically changed the 
conventional method of running sounding lines. However, modifications 
to methods always need to be made with new instruments.



F ig . 9. ■— Portion o f a smooth track automated plot.

Toran configuration is based on the “V-mode” and consequently the 
two ranges have a common station.

The radionavigational system can be used in either the hyperbolic 
mode or in the range-range mode, or in a combination of these modes. 
The power supply can come from either normal public sources, or from 
a thermo-generator driven by propane gas.

Tidal observations are measured by gauges placed as close as possible 
to the survey area. In order to ensure the best possible data the number 
of gauges established is varied according to the size of the area and the 
expected fluctuations of water level.

The line density and the length of the towing chains for the para
vanes are determined by the nature of the survey area. The normal distance 
is 100 metres to the outer paravanes and 50 metres to the inner paravanes, 
from each side of the ship.

Experiments have showed very small divergence from the given angle 
when sounding in this way. The observed divergences give smaller errors 
than those arising from the electronic positioning system or the steering 
equipment.
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Navigational Accuracy

In order to acquire the most accurate information from the survey 
area, the ship’s steering system is connected to the radionavigational 
equipment (for example, Toran) which thus commands the autopilot 
through a Seatrack module.

A predetermined lane is followed during surveying operations. Stated 
in terms of lane width, the Seatrack system gives very reasonable steering 
accuracy, with maximum deviations of the order of 0.02 lane width under 
normal conditions. Since in the Toran system a lane width can be up to 
80 metres, the deviations using that system will not exceed ±  2 metres.

Data may be recorded at intervals varying from 1 second to 20 minutes.

Observations of time, position and depth are manually recorded on 
the echogram itself as a check on system accuracy, with the marking of 
the echogram ‘fixes’ initiated by the navigational equipment to ensure that 
all records are synchronized in time.



CONCLUSION

The change-over to automation in both the hardware and the software 
fields is being developed by deliberate steps. This approach was adopted 
as most appropriate in view of Denmark’s limited resources as a small 
country, and because of a natural cautiousness in regard to embarking on 
immense, costly experimental projects. The step by step procedure, along 
with a modular build up of both hardware and software has permitted 
immediate utilization of the system while at the same time allowing for 
long-term improvement.

Future plans include the development of hardware for a wave com
pensator now under construction as well as the consideration of the idea 
of using the Swedish Radio Transmission System for the transfer of data 
from the side boats to the onboard datalogger when side launches are 
employed instead of the towed paravanes. Also under consideration in 
1979 is the development of a software program for the automatic drawing 
of contour lines.

W e consider it extremely important to be able to solve the immediate 
problems to meet survey requirements while leaving the door open for 
the ultimate goal— a chart drawn by completely automatic processes.
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