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Reference Systems

e In surveying, reference
systems are used to define
the position of points on
the Earth’ s surface in both
hor izontal and vertical
dimensions.




Reference Systems

e They ensure that survey data
Is consistent and aligned
with global standards.




Reference Systems

e These systems al low
surveyors to specify the
exact location of points
with precision and accuracy.







NORTH POLE (90° N. Latitude)

Latitude and
Longitude

Latitude and Longitude form the
most widely used global
coordinate system for defining
positions on earth.
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NORTH POLE (90° N. Latitude)
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NORTH POLE (90° N. Latitude)

Latitude — Measuring =

North & South ;?/f i
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NORTH POLE (90° N. Latitude)

Latitude — Measuring
North & South
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The values range from +90° at
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NORTH POLE (90° N. Latitude)

Longitude —
Measuring East & JSE m
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west position from the Prime
Meridian (O°) in Greenwich, UK.
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NORTH POLE (90° N. Latitude)
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east to -180° west.
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Coordinates in Action: Swansea
:51.6214° N

- (Angle North of Equator)

3.9436° W wreverrresssssnsens \ ......................

(Angle West of Prime Meridian)
LOCATION PINPOINTED



51°30'N
38°54'N
39°55°N
1°29°N
35°18°S
34°36'S

0°08'W
77°02'W
116°23'E
103°44'E
149°07'E
58°23'W
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DECIMAL DEGREES

V3

DEGREES / MINUTES /
SECONDS




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
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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

B
-

" NORTHINGS —“-.S T
Distance northward .

from the equator.

EASTINGS

~ Distance eastward
from a central
meridian.
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Local Coordinate System

 The first letter identifies a 500km
square.

A B C/DE
FIGH J|K
L MNO|P
QR S|T|U
VW XY |Z
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Local Coordinate System

* The digits identify a location within
a 100km square.

2 digits
units of
4 digits
units of
6 digits
units of
8 digits
units of

10 digits: the Easting and Northing are each in

units of

: the Easting and Northing are each in
10km;

: the Easting and Northing are each in
1km;

: the Easting and Northing are each in
100m;

: the Easting and Northing are each in
10m;
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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




(M| Elevation
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TIDAL OBSERVATORY
(NEWLYN)

Elevation
On 30 April 1921, sea
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TIDAL OBSERVATORY

(NEWLYN) -
Elevation
-1 The resulting height
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Plane

e Earth surface is considered as a flat surface

Geodetic

e Earth surface is considered as a curved surface

%



Plane

Earth surface is considered as a flat surface

The |ine between stations is considered as a straight
| ine
The triangle formed by any three points a plane

= 180°
The angles of the triangle are plane angles.

Carried out for a small area.

Geodetic

Earth surface
e The

| i ne

is considered as a curved surface
| iIne between stations

is considered as a curved

The triangle formed by any three points spherical
The angles of the triangle are spherical.
Carried out for a large area.
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THE GEOMETRY OF THE EARTH: PLANE VS. GEODETIC

PLANE SURVEYING

« Assumes Earth is flat.
« Used for small areas.
+ Lines are straight.

« Triangle angles sum
to exactly 180°.

~ /[ GEODETIC
SURVEYING

Angles sum to >180° [}~ .

SURVEYING
Angles sum to 180°

GEODETIC SURVEYING

« Accounts for Earth’s
curvature.

« Used for large areas.
« Lines are curved.

» Spherical triangle
angles sum to >180°.

We will assume plane




Establishing Control

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



S 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



THE GEOMETRY OF POSITIONING

All coordinate systems are relative to an origin point (0,0) and
orientated to the North (Y axis) and East (X axis).

North (Y) /;.g\ Whole Circle Bearing
0° [ Y (WCB)/Azimuth

?Z ™~ 3 \/
West / 270° <<=—— K> East (X) / 90°

Z

[

g

\1‘17

South /180°
Grid Orientation: North is 0 degrees, East is 90, South is 180, West is 270.




UNDERSTANDING PARTIAL EASTINGS AND NORTHINGS

Partial Eastings and Northings represent the vector distance due
North and due East from a point, relative to the origin.

r
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Negative Direction 4

North/West 4 North/East
N:+ E: - _QZ

4 | Positive Direction
South/West South/East
L N: -, E:+

>

Movement towards
North or East
= Positive (+)

= 3

Movement towards
South or West
= Negative (-)

— >




Surveying Example

A surveyor sets out from a control station A and walks due East for 30 m, then due North for 40 m to reach

station B.
The surveyor then returns directly to station A along the shortest possible route.

a) Calculate the distance of the direct route from B to A.

b) Calculate the bearing of the direct route from B to A.
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