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Reference Systems
• In surveying, reference 
systems are used to define 
the position of points on 
the Earth’s surface in both 
horizontal and vertical 
dimensions.



Reference Systems
• They ensure that survey data 
is consistent and aligned 
with global standards. 



Reference Systems
• These systems allow 
surveyors to specify the 
exact location of points 
with precision and accuracy.





Latitude and 
Longitude
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Latitude and Longitude form the 
most widely used global 
coordinate system for defining 
positions on earth. 



Latitude and 
Longitude
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Latitude and Longitude form the 
most widely used global 
coordinate system for defining 
positions on earth.

This system is based on the 
geographic coordinate system 
that uses angles measured from 
the Earth’s centre.



Latitude – Measuring 
North & South
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Latitude measures the North-
South position relative to the 
Equator (0°)



Latitude – Measuring 
North & South
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Latitude measures the North-
South position relative to the 
Equator (0°)

The values range from +90° at 
the North Pole to -90° at the 
South Pole.



Longitude –
Measuring East & 
West
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Longitude measures the east-
west position from the Prime 
Meridian (0°) in Greenwich, UK. 



Longitude –
Measuring East & 
West
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Longitude measures the east-
west position from the Prime 
Meridian (0°) in Greenwich, UK.

The values range from +180°
east to -180° west.
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Latitude Longitude

51°30′N 0°08′W
38°54′N 77°02′W
39°55′N 116°23′E
1°29′N 103°44′E
35°18′S 149°07′E
34°36′S 58°23′W
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Decimal Degrees vs Degrees/Minutes/Seconds
One way to write spherical coordinates (latitudes and longitudes) is 
using degrees-minutes-seconds (DMS). 
An angle written using:

Degrees (°) Minutes (‘) Seconds (‘’)

Where:
1° = 60 minutes
1’ = 60 seconds
1’’ = 3600 seconds 



Decimal Degrees vs Degrees/Minutes/Seconds

52°12’30’’

Meaning:
52 whole degrees
12/60 of  a degree
30/3600 of  a degree



Decimal Degrees vs Degrees/Minutes/Seconds
But you can also express geographic coordinates in decimal degrees. 
It’s just another way to represent that same location in a different 
format.

52.20833°

Meaning:
52 degrees
0.20833 of  a degree







Map Projections are used to 
represent curved Earth Surfaces 
in 2D Cartesian Co-ordinates. 



Universal Transverse Mercador
• The Universal Transverse Mercator (UTM) system works by dividing the Earth into manageable 

vertical zones and projecting each one onto a flat surface for accurate measurement and 
mapping



Eastings and Northings 
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Local Coordinate System 
• The National Grid is a local 

projection system used in the UK for 
land surveys. 

• It uses eastings and northings but is 
based on a transverse Mercator 
projection tailored to fit the UK’s 
geography.



Local Coordinate System 
• The first letter identifies a 500km 

square. 



Local Coordinate System 
• The first letter identifies a 500km 

square. 

• Each 500km square is then divided 
into twenty-five 100km squares, and 
these squares are then labelled 
using the same pattern of  letters.



Local Coordinate System 
• The digits identify a location within 

a 100km square.

• 2 digits: the Easting and Northing are each in 
units of  10km;

• 4 digits: the Easting and Northing are each in 
units of  1km;

• 6 digits: the Easting and Northing are each in 
units of  100m;

• 8 digits: the Easting and Northing are each in 
units of  10m;

• 10 digits: the Easting and Northing are each in 
units of  1m.







Convert Grid Reference to 
Eastings and Northings
1. Remove the two letters at the 

beginning of  the reference.
2. Split the reference into it’s East 

and North components. 
3. Work out the numerical reference 

for the two letters. 
4. Add the appropriate 100km 

reference to the rest of  the 
reference. 





Elevation
• Elevation refers to the 
vertical distance of  a 
point above or below a 
reference level, typically 
mean sea level (MSL). 



Elevation
• Heights above sea level 
are positive, while 
measurements below 
sea level are negative



Elevation



Elevation



Elevation
On 30 April 1921, sea 
level recording here by 
OS was concluded after 
six years.
Within these six years, 
the Newlyn tide gauge 
took hourly readings.



Elevation
The resulting height 
datum is known as 
Ordnance Datum and 
marks height zero on 
maps in Britain.



Plane

Geodetic

• Earth surface is considered as a flat surface

• Earth surface is considered as a curved surface



Plane

Geodetic

• Earth surface is considered as a flat surface
• The line between stations is considered as a straight 

line
• The triangle formed by any three points a plane
• The angles of the triangle are plane angles. 
• Carried out for a small area. 

• Earth surface is considered as a curved surface
• The line between stations is considered as a curved 

line
• The triangle formed by any three points spherical
• The angles of the triangle are spherical. 
• Carried out for a large area. 

= 180°

> 180°
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We will assume plane



Establishing Control
Benchmarks in surveying are fixed points used to determine 
elevations, classified by permanence and purpose



OS Benchmarks
An OS benchmark is a 
fixed point with a known 
elevation above a 
reference level (usually 
mean sea level).



Arbitrary Benchmarks
Reference points with an 
assumed elevation used 
for localised, small-scale 
construction projects 
when high precision to 
national datum is 
unnecessary.



Temporary Benchmarks
Acts as a reference point 
for levelling and 
alignment, commonly set 
up when the main 
benchmark is too far 
from the work site.



Triangulation Points
Provide stable, precise 
points for surveyors to 
create accurate maps by 
measuring angles 
between them
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