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Whosoever wishes to know about the world must learn about it in its particular details.                                     Heraklietos of Ephesos

The possession of knowledge does not kill the sense of wonder and mystery. There is always more mystery.       Anais Nin

We must learn our limits. We are all something, but none of us are everything.                                               Blaise Pascal

Any piece of knowledge I acquire today has a value at this moment exactly proportioned to my skill
to deal with it. Tomorrow, when I know more, I recall that piece of knowledge and use it better.                            Mark van Doren

Knowledge is of two kinds: we know a subject ourselves, or we know where we can find information upon it.      Samuel Johnson

The Lie to Children    (Wittgenstein’s Ladder)                                                                               Terry Pratchet
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My Background;

1966-1974 Royal Navy, Lieutenant, Navigation Specialist
1974-1978 Diver and Surveyor, UK and East Africa
1978-1979 Post Graduate Diploma in Hydrographic Surveying
1979-1980 Area Manager Intersite Surveys bv
1980-1999 Consultant Surveyor
1994-1997 MSc in Engineering Surveying & Geodesy
1999-2008 Survey Manager & Geodetic Consultant - RPS Energy
2008- Principal Advisor, Geomatics, Geodesy & Data

Management – RPS Energy
2015 - Director – Geodetic Consultancy Ltd

Specialist Areas:
Geodetic and Mapping Consultancy and QC
Forensic Geodesy
GIS Data Management
Onshore & Offshore Surveying Operations
Engineering Surveying

Presenter – Mike Postle-Hacon MSc, Dip HS, MRIN
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Overview (1)

There's no doubt GPS has revolutionised the way we position ourselves today

Even a modestly priced handheld GPS unit can 
get you to within a few metres of a desired 
coordinate.

But at what cost? A misconception in the 
industry is that an understanding of Geodesy is 
less important now than it used to be.

At a recent APSG meeting Shell’s Chief Surveyor 
gave a talk entitled ‘No Maps, No Energy’, the 
theme of which GIS leads to Energy

80% of what the brain processes comes 
through the eyes
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An estimated 80% of E & P data has spatial 

content

 Exploration

 Appraisal

 Development

 Production

 Decommissioning

If a position contains an error, that error is pervasive along 

the workflow where the position data is used.

Why is geodesy important? 

Current Industry Data Status 
(Databases and Projects Estimate)

• Seismic – 15-20% misplaced

• Surface Well – 40% misplaced by 

> 30m

• Sub Surface Directional Well -

25% misplaced by > 150m

• Boundary – 30-50% misplaced
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 Licence Area definition

 Satellite Image geo-referencing

 Geological and topographic maps

 Geophysical data acquisition

 Geological Sampling

 Traded and Inherited Data

 Site Surveys

 Rig Positioning

 Well Bore Surveying

 Production development

 Pipelines

 Roadworks

Why is this important? 

 Land Ownership/Compensation

 Environmental Constraints

 Archaeological Constraints

 Other Site Specific Constraints

 Ordnance Issues

 Restricted Areas

 Other Safety Issues

It is important that positional data 

from different sources is correctly 

related to other data for effective, 

prosperous and safe operations
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 Consider the following statements

• The co-ordinates of a point are 252 345.9, 204 301.6

• The point bears 245° 6 miles from the light house

• The latitude is 54° 10’ 45” North, the longitude is 003° 30’ 
20” West

• The height above Mean Sea level is 24.2m

• The height of the structure is 3152mm

 What can you say about these expressions?

Concepts of Co-ordinate Systems
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X

Y

z

3D Cartesian System

u

r

2D Polar System

Co-ordinate systems referenced to objects

N

E

A 2D Cartesian System

X

Y

Another 2D 

Cartesian System

Examples of Co-ordinate systems
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What is a coordinate reference system?

Let’s start with a coordinate system (CS) –

All coordinates belong to a coordinate system

A CS is a sequence of coordinate axes with specified units of 
measure. It is a mathematical concept governing a coordinate 
space without any relationship with the earth

Parameters include; the number of axes
their name
their direction
their units
and their order

Coordinate System
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Coordinate Systems are referenced to the earth through a 
datum. A datum specifies the relationship of a CS to the earth by 
defining the size and shape of the earth and the origin and 
orientation of the coordinate system

What we are saying is when coordinates are used to describe 
position on the earth, they belong to a coordinate reference 
system (CRS). 

So, a coordinate reference system is a coordinate system 
which is referenced to the earth based on a datum.

Coordinate Reference System

Presented to
OCEANWISE Marine GIS Conference 2015



Presented to
OCEANWISE Marine GIS Conference 2015

1017/11/2015

What is position and how is it defined? 

• Geographic - Latitude and Longitude (φ, λ)

Angular measurements - Latitude and Longitude depend on an assumed size and shape of the 

earth, a science known as geodesy

• Projected Grid – Easting and Northing (E, N) 

Denoted in lots of E&P software as X, Y - (But beware former Soviet Union 
countries often use X for northing and Y for easting so always confirm convention)

Meaningful only if accompanied by both the earth figure and details of the projection

• Earth Centred Cartesian – X, Y, Z

Used in 3D calculations of space positions relative to earth centre and axes –
used to derive positions from GPS

Position is usually defined through a system of coordinates and we have three commonly used ways 
to represent this;
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Latitude and Longitude are

NOT UNIQUE

Important fact Number 1 –

Coordinates define a position unambiguously 

only when the CRS to which those coordinates 

are part has been identified

Important Fact 1

Lies to Children

Presented to
OCEANWISE Marine GIS Conference 2015



LATITUDE & LONGITUDE ARE NOT UNIQUE

 Locations with same latitude and longitude values on three different 
datums

51°30’45”N
000° 20’20”W

WGS84

0 250m

51°30’45”N
000° 20’20”W

OSGB36
X

51°30’45”N
000° 20’20”W

ED50
X

X



LATITUDE & LONGITUDE ARE NOT UNIQUE

 UTM Co-ordinates on different datums

684660 m E

5710295 m N

UTM  30N
(WGS84)

0 250m

X

684660 m E
5710295 m N

UTM 30N
(ED50)

X
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Many datums use the same ellipsoid but have a different relationship to the mass 
centre of the earth.

Of the 431 geodetic datums, both historical and current, documented in the EPSG 
database common ellipsoids used are;

29.5% International 1924

23.7%     One of the Clarke Ellipsoids

12.1%     GRS80

9.3%    Bessel

4.6%    WGS84

3%      Krassovky

2.6%     Everest 

127 different documented datums

Ellipsoids and Datums
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Ellipsoid and Datum are

NOT Synonymous

Important fact number 2 –

The same reference ellipsoid may be used with several 
different geodetic datums, so an ellipsoid is not enough 
to identify a geodetic datum nor it’s associated 
coordinate reference system.

Important Fact 2
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Datums

CRS’s are synonymous with Datums in the Energy industry however it is 
not a one to one relationship. A datum can be associated with more 
than one CRS.

 WGS84 is one datum with over 240 CRS’s based on it.

 ED50 is one datum with over 30 CRS’s based on it.

 OSGB36 is one datum with one CRS based on it

 The EPSG database has around 535 datums
documented and 3720 CRS’s documented
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Why do we still need different datums?

With the development of satellite based positioning and earth (geo) 
centred coordinate reference systems why do we need national (local) 
datums?

Historical………

 Most countries have their own long standing geodetic 
datum

 Traditionally national mapping, land tenure records and 
geodetic network would be based on a national datum
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Datum shifts

The regular problem with the increased use of satellite positioning 
techniques is we are surveying on a different datum to the local datum 
so how do we relate actual surveyed coordinates to the applicable 
datum used historically?

Or if we decide to work in a geo-centred CRS how do we convert our 
legacy (other historical) data from the local CRS to the adopted CRS?

By applying a datum shift
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 Direct Conversion of X, Y and Z (Geocentric Translation)

- Three shifts of origin dX, dY and dZ

 Molodenski Formulae
- Direct conversion of latitude, longitude and height
- Three shifts of origin dX, dY and dZ
- Modifications for scale and rZ

 Helmert (Bursa Wolfe) Transformation

- Three shifts of origin dX, dY and dZ

- Three rotations about X, Y and Z (rX, rY and rZ)

- Scale

 Bi-linear  Grid Interpolation transformation

- NTv2 format for Canada, Australia, and New Zealand

- NADCON format for USA

- OSTN02 format for United Kingdom

Common Transformations Methods
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You may know where you are precisely yet be 
nowhere near it?

Positional Errors in data we commonly use are found everywhere

International Boundaries
Block Boundaries
Well Locations
GIS data
Satellite Imagery
Environmental  Data

Basically anything that has a spatial reference should be verified

Sources of Error (1)
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 Inadequate specifications

 Poor surveying practice in the field

 Inadequate dataset definitions

 Corruption of data files

 Wrong coordinate system adopted

 Absent, incomplete or erroneous geodetic information with traded or 
inherited data

 Transfer of data between software application, databases and projects

 Geodetic ignorance

2317/11/2015

Sources of Error
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With the increased use of global satellite datums like WGS84 
and historically WGS72 came the need to transform between 
these earth centred datums and existing local datums.

Very little checking is carried out on the geodetic integrity of 
both legacy and new acquisition data.

Multiple sources of poorly defined data.

Multiple users of data with little geodetic awareness 
increases the potential for error.

Sources of Error
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Historically the main source of positioning error was during 
data acquisition

This is still relevant, however

Today the main source of positioning error is in data 
management

Sources of Error

Coordination between different departments and groups is critical!
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During a recent investigation the following issues were 
observed:

• Improperly coded geodetic algorithms

• Wrong values for embedded geodetic parameters

• Poor presentation of user input requirements

• Incorrect default settings used without reference to the user

• Confusing or imprecise terminology

• Lack of error trapping for user blunders

• Lack of audit trail for forensic analysis

• Inadequate metadata functionality

• Misguided users

Sources of Error
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A common mistake………

3 Parameter Datum shift values can be stated as

Local to WGS84 or

WGS84 to Local

There is no convention so it must be documented with 

the values. For consistency I prefer the Local to WGS84

Positioning the ellipsoid with respect to WGS84 (1)
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So adopting transformation parameters from the EPSG DB (Minna to WGS84(2))

dX = -92

dY = -93

dZ = 122

We get

If we incorrectly adopt the signs reversed or our software is adopting WGS84 to 

Minna

We get

This is now becoming significant

Positioning the ellipsoid with respect to WGS84 (2)
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Geo-referencing

In software that uses least 
squares type algorithms for 
geo-referencing it is important 
to work out what projection 
the map is in.

What if we want to extract 
information from a map?

The original map was in a UTM projection 

but with geographic coordinates. Wrongly 

geo-referenced can add kms of errors
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Formats and Conventions

Software 
convention 

N,E (+); S,W (-)

Mistaken identity 
here would mean 
17.5 km

Watch out for 
implied 

decimals
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Decimal Places

90° 25’ 45.512”

General rule of thumb 1” difference is about 30m, 0.1” 3m, 0.01” 0.3m and 0.001” 0.03m (3cm)

In addition 1’ difference is around 1.8km and 1° is over 100km

Make sure you have enough for the precision you need
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 The official method for conversion between offshore and onshore data 
sets between OSGB36 and ETRF89 (WGS84) is via the official Quest 
software freely available from the Ordnance Survey.  This software uses 
the bi-linear OSTN02 grid. (www.gps.gov.uk)

 Be aware that this software is limited up to about 5 kilometres from the 
shoreline.

 The process is ED50 to WGS84 (ETRF89) using the ED50 Common Offshore 
5 parameter shift (EPSG Code 1311).  Then WGS84 (ETRF89) to OSGB 
using the Quest software.

 The EPSG data base lists a series of 3 parameter shifts for various parts of 
the UK but be warned that these can lead to errors in excess of 50m 
compared with the official co-ordinate transformation

 The UKOOA derived 7 parameter shift (EPSG Code 1314) between WGS84 
and OSGB36 gives results generally better than 4m.

ED50/OSGB36/WGS84/ETRF89 Conversions
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1:  Using ED50 Common Offshore and OSN02 bi-linear shifts

ED50 WGS84 OSGB BNG

54° 09’N 54° 08’ 57.007”N 54° 08’ 56.448”N 239 983.096mE

04° 27’W 04° 27’ 05.691”W 04° 27’ 01.398”W 475 369.942mN

2:  Using ED50 Common Offshore and WGS84 to OSGB 3 parameter shift for 

England, Wales, IOM (EPSG Code 1197)

ED50 WGS84 OSGB BNG

54° 09’N 54° 08’ 57.007”N 54° 08’ 56.305”N 239 890.169mE

04° 27’W 04° 27’ 05.691”W 04° 27’ 01.180”W 475 440.561mN

3: Using ED50 to OSGB36 7 parameter shift

ED50 WGS84 OSGB BNG

54° 09’N 54° 08’ 57.007”N 54° 08’ 56.503”N 239 983.337mE

04° 27’W 04° 27’ 05.691”W 04° 27’ 01.387”W 475 371.605mN

ED50 to WGS84 to OSGB36 BNG
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 OK to use for overall planning – ie access, villages, roads, etc

 Dangers –

• Maps based on a Sphere of radius 6,378,137 metres. Mean radius
value is about 6,371,007 meters 

• Expects user data to be imported in the cylindrical equidistant 
projection

• Source Imagery is distorted to match Digital Vector data

• Adjoining images can be distorted and skewed.

• Latitude and Longitude from these products are only good to the 
nearest 300m metres at best.

USE WITH CAUTION

CHECK WITH HANDHELD GPS ON THE GROUND

Google Earth and other Internet maps
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Google Earth (2)
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Looks like a 
Mercator 
Projection

Web Mercator Projection - 1
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 Web Mercator is really a non conformal projection : scale factor in the 
N/S meridian direction not equal to scale factor in E/W parallel direction : 
not a constant, but a function of azimuth (direction).

 But actually Web Mercator is "almost conformal" when looking at small 
areas...

 An infinitesimal circle drawn on the ellipsoid surface, would become an 
ellipse on the map, but an ellipse with a very small flattening, and really 
similar to a circle.

 For this reason deformation of shape is very small too when looking at 
small areas, and is not visually notable : a square building is projected as a 
(almost) square building.

 For memory, conserving the shape of square buildings was one of the 
major reason for the choice of this specific pseudo Mercator by the 
original Google Maps team (Where2 Technologies startup co-founded by 
Jens and Lars Rasmussen brothers), and adopted by many web maps 
today.

Web Mercator Projection - 2 
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 Note : the first launch of Google Maps actually did not use pseudo 
Mercator but Plate Carree, and streets in high latitude places like 
Stockholm did not meet at right angles on the map the way they do in 
reality.

 The majority of Google Maps users are looking down at the street level for 
businesses, directions, etc...

 While this distorts a 'zoomed-out view' of the map, it allows close-ups 
(street level) to appear more like reality. 

Web Mercator Projection - 3
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 The units of web Mercator are not really Metres, they are "Web Mercator 
Metres“ and they are equal only on the Equator.

 When you go north or south from the Equator line, the ratio (difference in 
Northing between Mercator and Web Mercator) between the two units is 
getting bigger.

Web Mercator Projection - 4
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 However, although Web Mercator shares some of 
the same properties of the standard Mercator 
projection (north is up everywhere, areas near the 
poles are greatly exaggerated), rhumb lines (or 
loxodromes, lines of constant true heading that 
navigators used to sail before GPS) are not straight 
lines.

 So as non-conformal with not straight loxodromes, 
this projection should not be really called 
“Mercator” according the terms of IHO : Web 
Mercator can't be used for navigation.

 Actually the aim of Google Maps was at first 
visualization of maps and aerial/satellite imagery 
on the web and not to be a tool for accurate 
surveying 

Web Mercator Projection - 5
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Web Mercator Projection - 6
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 Recently, ArcGIS Online services 
became available in the same “Web 
Mercator” projection used by 
Google Maps and Bing Maps. If you 
use the new ArcGIS Online services, 
avoid the temptation to perform 
measurements of polylines and 
polygons in Web Mercator. You 
should instead re-project user-
submitted geometries into a more 
appropriate coordinate system 
before you perform a measurement

Web Mercator Projection - 7
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The UTM and State Plane measurements are both close to each other because 
these coordinate systems are designed for the same latitudes and longitudes that 
include northwestern Oregon. These results are closer to the true measurement.
The Mercator measurements are much larger because this area of Oregon is 
about 45 degrees latitude, halfway between the Equator and the North Pole. This 
is far enough away from the projection’s standard parallel (the Equator) to cause 
significant error in the measurement

http://blogs.esri.com/Dev/blogs/arcgisserver/archive/2009/12/22/ArcGIS-Online-services-now-available-in-Google-_2F00_-Bing-tiling-scheme.aspx
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EXISTING LAMBERT CONICAL CONFORMAL PROJECTION

Projection Centre

PSF 0.98597507

Ie 1000m grid = 

1014.22m spheroidal

Positive N

Negative N

Positive E
Negative E

Most Southerly Point

PSF 0.98575198

Ie 1000m grid = 

1014.45m spheroidal

Landfall

PSF 0.98802062

Ie 1000m grid = 

1012.12m spheroidal

Central Meridian : 34° East   Latitude of Origin :  43°N   Standard Parallel 1 : 30° N
Standard Parallel 2 : 50°N
1SP Equivalent : Central Meridian : 34° East   Standard Parallel : 40 ° 15’ 09.6512” N  SF : 0.9844302495
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IDEAL LAMBERT CONICAL CONFORMAL PROJECTION

Positive N

Positive E

Most Southerly Point

PSF 0.99984282

Ie 1000m grid = 

1000.16m spheroidal

Central Meridian : 34° East   Latitude of Origin :  43° 30’N   Standard Parallel 1 : 42° 12’ 53.0228”N
Standard Parallel 2 : 45° 46’ 43.7696”N

1SP Equivalent : Central Meridian : 34° East   Standard Parallel : 43 ° 30’ N  SF : 0.999 75

Projection Centre

PSF 0.99975

Ie 1000m grid = 

1000.25m spheroidal

Landfall

PSF 1.00001351

Ie 1000m grid = 

999.986m spheroidal
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Presented to MSc/PgDip Hydrography    

Unversity of Plymouth

 Result

• Positional errors ranging from tens of metres to tens of Kilometres

• Whole data set to be reproduced in the correct Datum, Spheroid, 
Projection before Data Study and Integration can be started

34 Kilometres

Wonderful Coastal Erosion

Geodetic Ignorance
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 Geodetic Parameters

Datum Kalianpur 1962 Kalianpur 1975

Spheroid Everest 1830 (1962 Definition) Everest 1830 (1975 Definition)

Semi-major Axis 6377301.243 6378299.151

Inverse Flattening 300.8017255 300.8017255

Projection Indian Zone IIB Indian Zone IIB

Type Lambert Conformal Conic 1SP Lambert Conformal Conic 1SP

Latitude of Origin 26°N 26°N

Longitude of Origin 90°E 90°E

False Easting 2743196.4m 2743195.5m

False Northing 914398.8m 914398.5m

Scale Factor 0.99878641 0.99878641

Units Metres Metres

Indian Foot/Metre 0.3047996 0.3047995

Datum Shift to WGS 84

Dx +283 +295

Dy +682 +736

Dz +231 +257

 Distortion increases with distance from the Origin

Effects of Unit definition
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Investigations carried out ……. discovered discrepancies between the actual mapping of the sea area and the 
official charts used by the Sea Diamond (and all other vessels) at the time of the accident. The detailed survey 
revealed that the reef, which the Sea Diamond struck, is in fact lying at 131 meters from shore and not at a 
distance of 57 meters as is incorrectly marked on the nautical chart. The official chart also shows the depth of the 
water at the area of impact varying from 18-22 meters, whilst the recent survey shows that it is only 5 meters.

MS Sea Diamond

April 5th 2007 MS Sea Diamond runs aground and sinks off Santorini

http://en.wikipedia.org/wiki/MS_Sea_DiamondPresented to
OCEANWISE Marine GIS Conference 2015
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http://upload.wikimedia.org/wikipedia/commons/c/c3/Sea_Diamond_-_Against_Rocks.jpg
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Uh oh?

Topside under tow with 
Navigation/positioning on the 
widely used local datum. Site and 
route survey undertaken to be 
sure of sufficient water clearance.

The route survey was done on 
WGS84…….

Different contractors may do the 
work related to a different CRS. 
Consistency is important
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Document 
everything

And Definitely Remember This

Every coordinate set 

issued or received should 

be accompanied by a full 

description of the 

Coordinate Reference 

System and projection 

parameters if applicable

Presented to
OCEANWISE Marine GIS Conference 2015



5417/11/2015

Be clear with what you 
want and where.

2m from the wall has two 
solutions
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Last thoughts
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LAST THOUGHTS
Don’t forget –

And, finally don’t make assumptions - if in doubt call in a professional.

Paul Red Adair (Famous Texan Oil Firefighter) 
1915 - 2004 

"If you think it's expensive to hire a professional to do 
the job, wait until you hire an amateur."
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