
Introduction to Surveying and Levelling

Key concepts, methods, and applications for beginners

1. What Is Surveying?

Aspect Description

Definition
The science and art of determining the relative positions of points on, or in,

the Earth’s surface and representing them on maps, plans, or digital models.

Purpose

• Establish boundaries (legal, property)

• Design and construct engineering works (roads, bridges, buildings)

• Produce topographic maps and digital terrain models

• Monitor earth?movement (land?slides, subsidence)

• Support GIS, CAD, and BIM workflows

Branches

• Land Surveying – cadastral, boundary, and subdivision work

• Engineering Surveying – construction staking, alignment, and as?built

surveys

• Geodetic Surveying – large?scale, high?accuracy positioning (national

grids)

• Hydrographic Surveying – water bodies, bathymetry

Fundamental

Elements

1. Control – reference points with known coordinates.

2. Observation – measurement of angles, distances, elevations.

3. Computation – reduction of raw data to usable coordinates.

4. Presentation – drawing, digital model, or report.

2. Basic Surveying Instruments

Instrument Primary Use Typical Accuracy

Theodolite / Total

Station

Measure horizontal & vertical

angles; distance (EDM).

1? (arc?second) for angles; ±1?

mm +?ppm for EDM.

Level (Dumpy,

Automatic, Digital)

Determine differences in elevation

(levelling).
±0.5?mm per km (high?grade).
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Instrument Primary Use Typical Accuracy

GPS / GNSS Receiver
Global positioning; provides 3?D

coordinates.
1–5?cm (RTK) to <?1?mm (PPP).

Tape / Chain
Short linear distances, simple

layout.
±1?mm per 10?m (steel tape).

Laser Scanner / LiDAR Capture dense 3?D point clouds.
±2?mm (terrestrial) to cm

(airborne).

3. Introduction to Levelling

3.1 What Is Levelling?

Definition: The process of determining the relative heights of points on the Earth’s surface.

Goal: Produce a level surface (horizontal line of sight) to compare elevations accurately.

3.2 Types of Levelling

Type Typical Use Advantages Limitations

Differential (or

Simple) Levelling

Small projects,

building foundations.

Simple, low equipment

cost.

Cumulative error grows

with distance.

Rise & Fall (or Height

Difference) Levelling

Roadwork, pipelines,

large site control.

Errors are distributed;

easier error checking.

Requires more

calculations.

Precise (or Geodetic)

Levelling

National height

networks,

benchmarks.

Millimetre?level

accuracy over long

distances.

Time?consuming; needs

high?grade instruments.

Barometric / GPS

Levelling

Quick rough

estimates, remote

areas.

Fast, no line?of?sight

needed.

Lower accuracy; affected

by atmospheric

conditions.

3.3 Core Levelling Equipment

1. **Leveling
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