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1 GEODESY 

According to the on-line Britannica Encyclopaedia, geodesy is the scientific discipline concerned with the 
precise figure of the Earth and its determination and significance. Prior to the use of satellite based 
systems, terrestrial triangulation methods were the main means available. Since the introduction of GPS 
(Global Positioning System), in particular RTK (Real Time Kinematic) it has become possible to refine 
the knowledge of the Earth's shape and dimensions. As a consequence minor complications were 
introduced primarily caused by small gravitational variations which could not be compensated for using 
terrestrial methods only. 

Geodesy in this book is focussed on the definition of the parameters required to configure the reference 
frame used in a project. Without reference to a framework, observations do not have a significant value. 
The most commonly known framework is the earth division in hemispheres. This system was developed 
to enable offshore navigation based on time and celestial angle measurements. 

1.1 Rectangular coordinate systems 

Before the advent of systems and software such as GPS, GIS and Google Earth, the world according to 
a surveyor was relatively flat. Of course heights were measured, but always relative to a local, 
rectangular coordinate system. As long as one is working within a relatively small area (few kilometers of 
diameter), there is no objection to this practice, which makes life a lot easier. When working in a 
rectangular coordinate system one can use simple, high school mathematics for calculating directions 
and distances. 

It has been known for a long time that the representation of reality by a level and rectangular surface is 
an approximation of reality. Every land surveyor takes this into account when performing a level survey. 
He (or she) will reduce the maximum measurement distance to 200 meters in order to minimize the 
effect of the curvature of the earth. 

1.1.1 Reality 

Until deep into the Middle Ages, the reality of the Catholic Church was that the earth was flat. How 
simple the life of surveyor or cartographer must have been. This ideal was however ruined by two men, 
a certain Copernicus and Galileo, who were adamant that the earth was not flat but that it was a globe. 
Nothing new under the Sun however, since the ancient Greeks already knew this. 
And even the globe is nothing more than a representation of reality. Maybe a potato is a better 
approximation, oval with dents and bulges over its entire surface. That performing calculations on this 
potato, or geoid as it is called, is not so easy should be obvious. Therefore the geoid was soon simplified 
into a more mathematical model, the ellipsoid. 

Figure: The earth as a geoid, with the deviations from the ellipsoid greatly exaggerated.  
(Source: www-geol.unine.ch) 

1.1.2 Reality approximated 

The ellipsoid, an ellipse rotated around its short axis and which came into full development in the 19th 
century, is today still the basis for all the survey and cartographic work. Although the ellipsoid (or as 
some say: spheroid) is a mathematical figure, performing calculations on this figure is no simple matter. 

What happens though is that a globe in turn approximates the ellipsoid. Or an approximation of an 
approximation. That this does not help the final precision should be obvious. For a transatlantic crossing 
the error would easily be in the amount of tens of kilometres if one would steer blindly on his 
calculations. Since in navigation additional systems are used, there are usually no big problems. 
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2 CO-ORDINATE SYSTEMS 

2.1 Co-ordinates 

Co-ordinates describe the location of objects relative to an object such as the earth surface. These are 
figures that describe the location relative to the origin of a chosen co-ordinate system. Several systems 
are possible.    
The following problems occur: 
!  How can co-ordinates of a point in a certain system be translated to co-ordinates in another system?  
!  Which terms are to be applied? 
!  Which error will occur? 

2.2 Co-ordinates systems 

Co-ordinates are key figures that are assigned to a certain point.  A definition of the co-ordinate system 
is needed, with the help of co-ordinates and knowledge of the co-ordinate system a position of a point 
can be unambiguously reconstructed.  

The definition of the co-ordinate system is within certain limits in principle arbitrary. Although not really 
necessary the co-ordinate axes are basically perpendicular to each other. Then we talk about a 
rectangular co-ordinate system.  

For defining the co-ordinate system first you need to describe the origin, the orientation and the scale of 
the co-ordinate axes. This is called the datum definition.  

The co-ordinates are distances, which are set out along the axes in units of length. The place of a point 
according to an unambiguously defined co-ordinate system is called the absolute place. The place of a 
couple of points relative to each other is called the relative place of points.  The latter defines the shape 
of the geometrical object and is important in geodesy. The choice of the co-ordinate system is of 
secondary importance.    

2.3 Geographic co-ordinates 

On the various spheroids, the most commonly used co-ordinate system is based on a grid formed by 
parallels and meridians whose co-ordinates are referred to as latitude and longitude respectively. In 
addition the height above the spheroid is provided which is not necessarily the height above the local 
vertical datum. Some definitions: 
!  Meridian: Line of intersection with the sphere and a plane through the earth axle 
!  Parallel: Line of intersection with the sphere and a plane at a right angle with the earth axle 
!  Great circle: Line of intersection of the sphere and a plane through its center. A meridian and the 

equator is a special type of great circle. 
!  Small circle: Line of intersection of the sphere and a plane not passing though the center. Any parallel 

other than the equator is a special type of small circle. 

The reference planes within this grid are the prime meridian “0°” and Equator “0°”. Traditionally, 
Latitudes are 0" at the Equator and 90" at the North pole and Longitude is positive (East or West) from 0"
at Greenwich in the UK. Back in the old days, numerous prime meridians were used, usually based upon 
the capital of the inventing country (e.g. meridian of Paris, meridian of Tenerife etc). Unless the sphere 
or Ellipsoid used is specified, they plot on the surface of the Earth and are only suitable for very 
approximate spatial positioning. 

There is no height information associated with a Latitude and Longitude in isolation. 

Figure: Division of the earth 
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3 POSITIONING 

Navigation at sea involves a substantial amount of mathematics that at present are performed either by 
the receivers or by external computers. In order to comprehend positioning, an understanding of the 
principles of navigation is necessary. 
The choice of the right position system is usually rather complex and depends on: 

!  Required accuracy. 
!  Operational surety. 
!  Distance between work area and position of survey equipment. 
!  24 hour availability of the system because most projects work around the clock 
!  The number of personnel to keep the system in operation. 

3.1 Principles of Positioning 

To be able to pinpoint a position somewhere on earth, a grid with X- and Y-co-ordinates is defined on the 
earth. The positive Y- or Northing-axis points to the north of the chart and the positive X-axis or Easting-
axis points to the east. We call this type of grid, co-ordinate systems. A straightforward co-ordinate 
system is presented below. 

Figure: Co-ordinate System 

Suppose a vessel is located in point P and the unknown co-ordinates for this point need to be calculated. 
As a minimum two known reference points are required to start any method of positioning. The co-
ordinates for these points should be known accurately. Those reference points can be churches, 
lighthouses or beacons placed on these objects and special masts. 

In this example, point B is located on a church whereas points C and D are located on lighthouses. 
These points are already surveyed and their XY-coordinates are consequently known. 

Figure: Position Determination Methodologies 

There are three main methods of determining the position in point P: 
  Range - Range Measure the ranges pb’ and pc‘ 
  Bearing – Bearing Measure the angles !  and "
  Range – Bearing Measure the angle !  and range pb’ or pc’  

A special version of the Range-Range system is a hyperbolic or pseudo-Range system.  



  Skilltrade BV - 82 -

4 SATELLITE NAVIGATION 

4.1 Short history of GPS 

Satellite navigation comprises all the systems developed (or under development) for navigation or 
positioning purposes based upon satellites. Satellite navigation dates back to the sixties of the last 
century. In 1964 the American Transit system was declared operational and offered a precision in the 
order of 400 meters. Even though receiver prices were high the system was in use until 1992 by, 
amongst others, the US Navy.  

The greatest disadvantage of the Transit system was the relative low precision and low update rate, so 
the American government started the development of a successor to Transit or as it was know by then 
the Navy Navigational Satellite System (NNSS). This successor was christened Navigation by Satellite 
Timing and Ranging (NAVSTAR) but was later renamed to Global Positioning System (GPS). On the 8th 
of December 1993 the system was officially declared operational, but had by then been in use for almost 
10 years by the army and survey industry. 

Figure: GPS constellation (l) and dGPS receiver (r) 

4.2 Glonass, Compass and Galileo 

Parallel to the development of GPS, Russia has been developing a similar system called Glonass. 
Glonass was declared operational in 1997 but the number of satellites deteriorated shortly thereafter 
through lack of funding. In 2001 the launching program was reinstated and expectations are that the 
system will be operational again in 2010. 

Europe is at the moment working hard on its own satellite navigation system, Galileo. The expectation of 
the European Union is that the system will be operational in 2014. Finally the People's Republic of China 
is developing a satellite navigation system; at first for local use (Beidou) and later on for global use 
(Compass). 

Figure: GPS space vehicle (l); Glonass satellite (m) and Galileo satellite (r) 

This document describes the practical application of satellite navigation in general, but will use GPS as a 
basis for demonstrating practical matters. The table below shortly describes the differences between 
GPS, Glonass, Compass and Galileo. 
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Figure: Diagram showing Stationary data collection pattern cardinal points 

!  100 fixes of the target should be sufficient for each cardinal point (and repeated on the reciprocal 
heading) 

!  Vessel heading will normally be determined by prevailing weather conditions, but must not alter 
throughout the data collection 

Dynamic 
Dynamic data collection is when the data is gathered as the vessel is manoeuvring around the target, 
while following the guidelines discussed. This method provides an obvious benefit when operating from 
a vessel with no DP system, making stationary data collection impractical. As mentioned, it is 
recommended to gather the data in a way that best reflects how the vessel will be used operationally.  
This means even if the vessel is fitted with a DP system then dynamic calibration may be recommended 
if the system was to be used while dynamic, e.g. towfish tracking, pipeline surveys etc.  

Dynamic calibrations are critical when considering the stability of the deployment pole that will be used 
during dynamic tracking scenarios. This is because the pole may suffer from stress induced movement 
while the vessel is dynamic, and a stationary calibration may not accommodate for this. However, unlike 
stationary data collection, it is more difficult to control the number of data points that are gathered, as 
this will be determined by the speed of the vessel. Operators should also be aware of the potential for 
higher levels of noise and cavitation present due to increased thruster and engine use. 

Figure: Diagram showing Dynamic data collection pattern run lines 

The figure above illustrates suggested sail patterns that can be used to collect data.  It shows the pattern 
broken up into a number of straight run lines. This is recommended as it minimises any effects of Gyro 
latency and the potential effects of centripetal acceleration that may affect some VRU’s that are not 
mounted at the centre of rotation during vessel turns. The run lines have been extended in the diagram 
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6 LBL 

6.1 Terminology 

!  Array:  A group (network) of subsea transponders 
!  Baseline Distance between two subsea transponders derived from acoustic measurements 
!  Box-in Process of determining the absolute position of a subsea transponder by range only  
   measurements from a surface vessel 
!  COMPATT COMPuting and Telemetering Transponder, it is synonymous with the term Transponder  
   within this document 
!  Transceiver A combined transmitter and receiver that contains and shares signal processing circuitry 
    and associated cabling 
!  Transducer A element that when injected with a voltage, will respond by resonating at specific  
    frequencies, and also when caused to resonate by receiving an acoustic signal, 
    will generate a voltage 
!  Transponder A subsea instrument that can both transmit an acoustic signal and respond to  
   an interrogation. 

6.2 Principle of LBL 

Long Baseline (LBL) is a positioning technique that uses an array (group) of transponders that are 
deployed at fixed and known locations on the seabed.  The term long baseline refers to the fact that the 
distance between these transponders is typically hundreds of meters, much longer than other subsea 
positioning methods.  The position of a target can then determined by measuring the distance between 
the target and each transponder in the array.   

Figure 1: Illustration of subsea target (ROV) positioning in Seabed transponder array 

An LBL system has two main elements. The first element : comprises a number of acoustic 
transponders moored in fixed locations on the seabed. The positions of the transponders are described 
in a co-ordinate frame fixed to the seabed. This co-ordinate frame can be absolute (real world co-
ordinates) or relative.  The distances between them form the 'baselines' used by the system. 

Figure 2: Sonardyne Compatt (Computing and telemetering transponder) 

The second element : comprises an acoustic transceiver which is normally installed on the vessel or on 
a subsea vehicle such as an ROV (remotely operated vehicle) along with a remote transducer. The 
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13 MOTION SENSORS 

13.1 Vessel movement 

Without geo-referencing, attitude and motion sensors are used to measure the linear and rotational 
movements of a vessel. A vessel system has three axes around which it can move, giving it six degrees 
of freedom (3 linear and 3 rotational movements). The figure below shows those six degrees of freedom: 

Figure: Six degrees of freedom 

!  1) Sway (Movement) 
!  2) Surge (Movement) 
!  3) Heave (Movement) 
!  4) Pitch (Rotation) 
!  5) Roll (Rotation) 
!  6) Yaw (Rotation) 

All the above motions are relative to the vessel’s axis or frame. This local frame requires referencing to 
the NED (North, East, Down) frame with two degrees of freedom, being heading and velocity. Heading 
coincides with the yaw angle referenced to North and speed equals the summation of the sway and 
surge vectors. 

For practical applications in hydrography only the following parameters are measured: 
!  Heave 
!  Roll 
!  Pitch 
!  Heading (includes yaw) 
!  (Velocity) (includes sway and surge) 

Velocity, generally divided in speed through the water and speed over ground, is only measured for 
special applications such as squat correction (Refer to chapter 6). Depending on the type of survey, only 
heave and heading, or all four parameters are measured and used as tabulated overleaf. 

Parameter Single beam 
low quality 

Single beam   
high quality 

Multi beam ROV Geophysical 
(SSS & SBP) 

Heave N / Y Y Y N Y
Roll N Y Y Y N
Pitch N N Y Y N
Heading N / Y2 Y Y Y Y 
Velocity N N / Y N / Y Y N / Y3

Table: parameters used and survey type 

! Y  = Used 
! N = Not Used  
! N / Y  = Generally not used, if available mostly an additional system 

2 Only used if offset calculation is required between GPS antenna and echo sounder transducer 
3 GPS derived velocity is generally used to perform scale correction of the Side Scan Sonar record 
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16 GPS AZIMUTH AND INERTIAL (INS) SYSTEMS 

16.1 GPS Azimuth systems 

This type of heading measurement system is based upon GPS technique and uses the output from the 
attitude sensor to improve the heading measurement. At the same time these systems provide inertial 
positions since all the components for an aided inertial navigation system (AINS) are present (positioning 
system, attitude sensor). 

The main difference between an AINS and a GPS supported attitude sensor lies in the use of high 
quality accelerometers and fibre optic gyro’s These types of gyro’s have drift rates which are less than a 
tenth of that of high quality attitude sensors. By adding a two-receiver GPS module the INS becomes an 
AINS capable of calculating headings referenced to true North, with a high accuracy (in the order of 
0.01°). Next to this the AINS will provide positions in INS mode when the GPS input falls away (bridges 
etc). The most commonly found AINS on the market is the TSS POS-M/V. Another type of AINS is the 
Seatex Seapath. The Seapath is, unlike the POS-M/V, based upon the MRU-5, a classic attitude sensor 
without fibre optic gyro’s. Due to this the achieved heading accuracy of the Seapath lies between 0.05° 
and 0.075°.  A third type of systems consists of GPS aided attitude sensors. These systems generally do 
not provide heading based upon measurements from the IMU, but use only GPS measurements. 

Figure: Seatex Seapath and TSS POS M/V (www.seatex.no; www.tss-co.uk) 

16.1.1 Construction 

Both the POS M/V and the Seapath are built around two GPS antennae and receivers and an attitude 
sensor. For the heading measurement only the standard GPS signal (L1) will do, but for a more accurate 
position a (d)GPS position or RTK (d)GPS position correction receiver might be added to the system. 

Attitude sensor 
The attitude sensor is of the type mentioned before in the chapter on attitude sensors, for the Seapath a 
MRU-5 and for the POS M/V an inertial navigation type sensor using high quality accelerometers and 
fibre optic gyro’s (compare with Octans). The attitude data provided by both systems is in the order of 
0.05° roll and pitch and 0.05 m heave. 

The installation and calibration of the attitude sensor is the same as for any other attitude sensor. 

GPS system 
The GPS system comprises two antennae that are capable of receiving the L1 frequency. The antennae 
usually have choke rings to reduce the amount of multipath on the receivers and are mounted at a fixed 
distance from each other. With the Seapath a mounting beam is supplied with the system, for the POS 
M/V the only restriction is that the antennae are mounted no more than 1-3 meters apart from each 
other. 

The GPS receiver processes the L1 frequency (1575.43 MHz / 0.19 m) to calculate a phase difference 
for calculating the heading and the code signal to calculate the position. Heading accuracy depends on 
the type of attitude sensor used and is in the order of 0.05° to 0.15°. The accuracy of the positioning data 
depends on the type of GPS receiver. For a standard GPS-signal (without S/A) accuracy is typically in 
the order of 5 meters. If a (d)GPS receiver is used accuracy is typically 0.5 meters. Optionally, the POS 
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17 TIDES 

The tide is the periodical rising and falling of the water level of the oceans and seas due to the forces of 
attraction of the moon and the sun. By recording the height of the water level above (or below) an 
arbitrary reference level and plotting these heights (vertical axis) against the time of observation 
(horizontal axis), a tidal curve or - graph can be constructed. 

Figure: Tidal curve  

A tidal curve will in general show two high waters (HW) – in the figure above at around 2:45 h and at 
around 15:15 h   and two low waters (LW) – at around 8:30 h and at around 21:30 h   in a period of one 
day. Such a tide (2 HW’s and 2 LW’s in 24 hours) is called a semi-diurnal tide . The heights of the two 
successive HW are not the same (in the graph: about 8.3 m and about 8.8 m), this is called the daily 
inequality . The difference in height between a HW and the following LW (or the reverse) is called the 
range of the tide . If in a period of one day only one HW and one LW occur, the tide is called diurnal .
Besides semi-diurnal and diurnal tides, so-called mixed tides may occur as well. 

Information about the tide is of importance to navigators, e.g. when entering a shallow harbour, for 
construction works at sea, for fishermen, for military landings (e.g. Normandy in 1944 and Korea in 
1950), for the determination of maritime boundaries and for tourists walking to their destination over 
drying coastal areas. For hydrographic surveyors knowledge of the tide is essential for reducing 
measured depths to a reference level (reduction of soundings). 

17.1 History 

Aristotle makes the first reference to tidal motions in the third century BC. He linked the tidal motion to 
the movement of the moon around the earth. As early as 42 AD, Pliny the Elder described the tidal 
motion and its connection to the sun and the moon. An English monk compiled tide tables as early as 
the 13th century. 

The first to describe the motion of the tides mathematically was Sir Isaac Newton in 1687, who used his 
newly found law of gravitation (what goes up, must come down). Although far from perfect, his theory 
was taken by other scientists and further developed. Baron Kelvin and George Darwin made a major 
contribution to the theory of tides, Charles Darwin’s son. They developed the method of harmonic 
analysis, based upon the theory of Kepler, Newton and Laplace. 

17.2 Equilibrium model 

The moon and the earth rotate around each other along an ellipsoidal path. The centre of rotation is at 
point, which is located within the earth due to the mass difference between the earth and the moon 
(balance point). The balance point is situated in the earth at a distance of about 4667 km from the centre 
of the earth. This causes a centrifugal force Fc. Moreover the moon exerts a force of attraction Fa on the 
earth. 


