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Series 1: Chain and Compass Surveying
Series outline
1.1 Fundamentals of Chain Surveying

e 1.1.1 Definition and scope of chain surveying

¢ 1.1.2 Instruments used in chain surveying

e 1.1.3 Principles and procedures of chain surveying
1.2 Methods and Applications of Chain Surveying

e 1.2.1 Field techniques and recording

¢ 1.2.2 Plotting and map preparation

e 1.2.3 Advantages, limitations, and typical applications
1.3 Compass Surveying Principles

e | 1.3.1 Definition and scope of compass surveying

e 1.3.2 Types of compasses and their components

e  1.3.3 Bearings, angles, and orientation
1.4 Compass Surveying Methods and Error Adjustment

e 1.4.1 Field procedures in compass surveying

e 1.4.2 Sources of errors and corrections

e 1.4.3 Applications of compass surveying in site work
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Introduction

Surveying is one of the oldest and most essential practices in civil engineering, as it provides the foundation
for accurate planning, design, and construction. Before any structure can be built, the land must be measured
and mapped with precision. Two of the most fundamental techniques used in this process are-chain
surveying and compass surveying, both of which remain relevant today despite the advent of modern
instruments. By learning these methods, you will gain an appreciation of the basic principles that underpin
more advanced surveying techniques introduced later in the course.

The aim of this Series is to equip you with the knowledge and skills required to carry out chain and compass
surveys effectively, to interpret the results, and to apply these methods in practicalssite work.

We shall commence this Series by examining the fundamentals of chain surveying, including its definition,
scope, and the instruments involved. Then, we will move on to the methods and applications of chain
surveying, focusing on field techniques and plotting. Following that, we will explore the principles of
compass surveying, considering the types of compasses and the concept of bearings. Finally, we will wrap
up by studying compass surveying methods, sources of errors, and how these can be corrected to ensure
reliable results. This sequential flow will provide you with a solid grounding in the basic surveying
techniques that form the bedrock of engineering practice.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 1.1 define the concept and scope of chain surveying,
e SLO 1.2 identify and describe the instruments used in chain surveying,
¢ SLO 1.3 explain the principles and procedures involved in conducting a chain survey,
¢ SLO 1.4 demonstrate methods of recording field data and plotting maps in chain surveying,
¢ SLO 1.5.analyse the advantages, limitations, and applications of chain surveying,
e SLO 1.6 define the concept and scope of compass surveying,
¢ /~SLO 1.7 distinguish between types of compasses and explain their components,
¢ SLO 1.8 calculate bearings and angles for orientation in compass surveying,
o SLO 1.9 apply field procedures in compass surveying to establish directions and boundaries, and

e SLO 1.10 evaluate common sources of error in compass surveying and propose appropriate
corrections.

1.1 Fundamentals Of Chain Surveying

1.1.1 Definition and scope of chain surveying
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Chain surveying is a method of surveying in which linear measurements are taken using a chain or tape to
determine distances on the ground. It is one of the simplest forms of surveying, suitable for small, relatively
flat areas where details can be represented by straight lines. The scope of chain surveying includes
measuring boundaries, preparing site plans, and establishing baselines for further surveys.

Fill in the blank: Chain surveying is most suitable for areas where details can be represented by

straight lines.

Diagram showing a surveyor using a chain to measure distance on level ground.

Figure 1.1: Basic chain surveying in practice:

Chain Surveying - Measuring Distance

Measured Distance

- VAR —_— W ey
- _ Ranging Rod
I

Starting Point \ s Chain Arrriows

1.1.2 Instruments used in chain surveying

The primary instrument in chain surveying is the surveying chain, which is a series of linked metal
segments used to measure distance. Other instruments include tapes (steel or linen), arrows (used to mark
chain lengths), ranging rods (painted poles used for alignment), and pegs (wooden stakes used to mark
points). Each instrument has a specific role in ensuring accuracy and efficiency during fieldwork.

Fill in the blank: The instrument used to mark chain lengths during measurement is called

Image of surveying instruments including chain, arrows, and ranging rods.

-
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Plate 1.1: Common instruments used in chain surveying:

1.1.3 Principles and procedures of chain surveying

The principle of chain surveying is based on the measurement of straight-line distances between points.
The procedure involves selecting a baseline (the main reference line), measuring offsets to capture details,
and recording observations in a field book. Accuracy depends on proper alignment, careful measurement,
and systematic plotting.

Fill in the blank: The main reference line chosen in chain surveying is called the
Box 1.1: Key steps in chain surveying

1. Select a baseline.

2./ Measure distances using chain or tape.

3. Record observations in a field book.
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4. Plot measurements to produce a site plan.

Four Key Steps in
Chain Surveying

1. Reconocaisnace (Recce):

Walks area, prepares rough -
skecth stations  selcts stations ﬁ IQE

2. Marking and Ranging:

@)
Stations marked with pegs,
rmging rods aligan straight lines

3. Running Survey Lines: Leader drag chain, 1 ﬁ
Follower directs, fixes arrows s

4. Taking Offsets: Lateral measurements
(perperdurents (perpetudral/oblice) locate
objects

Simplified Procedure for Small, Level Areas OEQ

Pilot questions 1.1
1. ~What is chain surveying and when is it most suitable?
2. Name three instruments used in chain surveying.
3. What is the purpose of arrows in chain surveying?
4. Which line serves as the main reference in chain surveying?

5. Why is a field book important in chain surveying?

1.2 Methods And Applications Of Chain Surveying

1.2.1 Field techniques and recording
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In chain surveying, field techniques refer to the practical steps taken to measure distances and capture site
details. These include ranging (aligning points in a straight line), chaining (measuring distances with a chain
or tape), and offsetting (measuring perpendicular distances to capture features). Observations are recorded
in a field book, which is a bound notebook used to document measurements systematically.

Fill in the blank: The perpendicular distance measured from a survey line to capture features is called

Diagram showing chaining, ranging, and offsetting in practice.

Figure 1.2: Field techniques in chain surveying

Chain Surveying - Field Techniques

1. Ranging 2. Chaining 3. Offseting

i)

9

Optical Sqtset
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1.2.2 Plotting and map preparation

Plotting is the process of transferring field measurements onto paper to create a site plan. Distances are
scaled down, and offsets are drawn to represent features accurately. A map prepared from chain surveying
should be neat, legible, and consistent with the recorded field data.

Fill in the blank: The process of transferring field measurements onto paper to create a site plan is called

[Insert Plate here] Image of a surveyor plotting measurements on graph paper.
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Plate 1.2: Plotting chain _survey data into site plan
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1.2.3 Advantages, limitations, and typical applications

Chain surveying is advantageous because it is simple, inexpensive, and requires minimal equipment.
However, it is limited to small; level areas and cannot handle complex terrain or large projects. Typical
applications include‘measuring plots of land, preparing site plans for small construction projects, and
establishing baselines for further surveys.

Fill in the blank: Chain surveying is most effective in areas and for small-scale projects.

Box 1.2: Advantages and limitations of chain surveying Advantages: Simple, inexpensive, minimal
equipment. Limitations: Restricted to small, level areas, unsuitable for complex terrain.

Advantages Limitations

Limited to Flat Terrain: It becomes difficult and

Simplicity: It is the simplest method of || highly inaccurate on undulating, steep, or broken
surveying and requires no complex ground.
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Advantages Limitations

mathematical calculations or high-tech

equipment.

Cost-Effective: The equipment (chains, Obstacles: It is not suitable for areas crowded with
tapes, arrows, ranging rods) is inexpensive many obstacles (e.g., dense forests or-heavy utban
compared to total stations or GPS. construction) where lines of sightare blocked.

Durability: Survey chains are robust and can Low Accuracy: It is prone to cumulative errors
withstand harsh field conditions better than like sag in the chain, temperature variations, and
delicate optical instruments. human error in reading.

Easy Maintenance: Instruments are easy to Time-Consuming: Large areas take a significant
clean, repair, and replace in the field without amount of time'to survey as every measurement
specialized technicians. must be taken manually.

Pilot questions 1.2
1. What are the three main field techniques in chain surveying?
2. What is the purpose of a field book?
3. Define plotting in the context of chain surveying.
4. Mention one.advantage and one limitation of chain surveying.
5. Give two typical applications of chain surveying.

1.3 Compass Surveying Principles

1.3.1 Definition and scope of compass surveying

Compass surveying is a method of surveying in which directions are measured using a compass, and
distances are measured using a chain or tape. It is suitable for areas where angular measurements are
required to establish boundaries or directions.

Fill in the blank: Compass surveying involves measuring using a compass and distances using a
chain or tape.

1.3.2 Types of compasses and their components

The two main types of compasses used in surveying are the prismatic compass and the surveyor’s
compass. A compass consists of a magnetic needle, graduated circle, sighting device, and a box to house
the instrument. Each component plays a role in ensuring accurate measurement of bearings.

-
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Fill in the blank: The compass type that allows direct reading of bearings through a prism is called the
compass.

Image of a prismatic compass and surveyor’s compass side by side.

Plate 1.3: Types of compasses used in surveying

1.3.3 Bearings, angles, and orientation

A bearing is the horizontal angle measured clockwise from a reference meridian (usually north) to a survey
line. Bearings are used to establish orientation and direction in compass surveying. Angles between survey
lines are calculated to determine boundaries and site layout.

Fill in the blank: A bearing is the horizontal angle measured clockwise from the to a survey line.

Diagram showing bearings measured from north to a survey line.
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Bearings ) compass surveying:

Pilot questions 1.3
1. Define compass surveying.
2. / Name the two main types of compasses used in surveying.
3. What is the function of the magnetic needle in a compass?
4. Define a bearing in compass surveying.
5. " Why are bearings important in site layout?

1.4 Compass Surveying Methods And Error Adjustment

1.4.1 Field procedures in compass surveying

Field procedures involve setting up the compass, taking bearings of survey lines, and recording them in a
field book. Distances are measured with a chain or tape, and bearings are used to establish directions.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Fill in the blank: Bearings of survey lines are recorded in a book during compass surveying.
1.4.2 Sources of errors and corrections

Errors in compass surveying may arise from local attraction (magnetic interference), defective instruments,
or incorrect observation. Corrections involve identifying sources of error, adjusting bearings, and ensuring
proper instrument calibration.

Fill in the blank: Magnetic interference that affects compass readings is knownas  attraction.
Box 1.4: Common sources of error in compass surveying

1. Local attraction.

2. Defective instruments.

3. Incorrect observation. Al prompt suggestion:

Commen Sources of Error in

Compass Surveying

oF 14

Instrumental Errors Personal Errors Natural Errors
Needle sluggishness Inccurate Centering Local Attraction

Pivot issues Leveling Errors Magnetic Variations
Non-horizontal dial Reading/Paralax Error Magnetic Storms
Imporner alignment Inccurate Sighting

: ' Pro-Tip for Field Work:
To detect Local Attraction, always take take both Fore Bearings (FB)
Bearings (FB) and Back fo every line. for every line. If the difference is

exactly 180°, the stations are likely free from local interfence.

1.4.3 Applications of compass surveying in site work

Compass surveying is widely applied in establishing boundaries, determining directions, and preparing site
layouts. It is particularly useful in forested or uneven terrain where angular measurements are necessary.

Fill in the blank: Compass surveying is especially useful in terrain where angular measurements
are required.

Pilot questions 1.4
1. What are the main steps in compass surveying field procedures?
2. Define local attraction in compass surveying.
3. Mention two sources of error in compass surveying.

-
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4. How can defective instruments affect compass surveying?

5. Give two applications of compass surveying in site work.

Series summary

In this Series, we explored the fundamental techniques of chain and compass surveying, which form the
foundation of engineering surveying practice. We began with the definition, scope, instruments, and
procedures of chain surveying, highlighting its simplicity and applications in small, level areas. We then
examined methods of recording, plotting, and preparing maps, as well as the advantages and limitations of
chain surveying. Moving on, we studied compass surveying, focusing on its principles, types of compasses,
and the concept of bearings and orientation. Finally, we considered the field procedures, common sources
of error, and practical applications of compass surveying. Together, these topics provide learners with the
essential skills to measure distances and directions accurately, and to apply these methods in real-world site
work.

Glossary of terms

¢ Chain surveying: A method of surveying that involves measuring linear distances using a chain
or tape.

e Surveying chain: A series of linked metal segments used to measure ground distances.

e Arrows: Small metal markers used to indicate chain lengths during measurement.

¢ Ranging rods: Painted poles used to-align points in a straight line during surveying.

e Baseline: The main reference line chosen in chain surveying from which measurements are taken.
¢ Field book: A bound notebook used to record measurements and observations during surveying.

e Compass surveying: A method of surveying that involves measuring directions with a compass
and distances with a chain or tape.

e Prismatic compass: A type of compass that allows direct reading of bearings through a prism.

e Bearing: The horizontal angle measured clockwise from a reference meridian (usually north) to a
survey line.

e Local attraction: Magnetic interference that affects compass readings, often caused by nearby
metallic objects.

Concept check questions 1
Upon completing this Series, you should be able to answer the following questions:
1. (Linked to SLO 1.1) Define chain surveying and explain its scope.
2. (Linked to SLO 1.2) Identify three instruments used in chain surveying and describe their functions.

3. (Linked to SLO 1.4) Demonstrate how field data is recorded and plotted in chain surveying.

-
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(Linked to SLO 1.5) Analyse one advantage and one limitation of chain surveying.
(Linked to SLO 1.6) Define compass surveying and state when it is most applicable.
(Linked to SLO 1.7) Distinguish between a prismatic compass and a surveyor’s compass.

(Linked to SLO 1.8) Calculate the bearing of a line given that it makes a 60° angle clockwise from
north.

(Linked to SLO 1.9) Apply compass surveying procedures to establish the direction of a boundary
line.

(Linked to SLO 1.10) Evaluate the effect of local attraction on compass readings and propose a
correction method.

Answers to pilot questions 1

Pilot questions 1.1

1.
2.
3.
4.
5.

Chain surveying is a method of measuring distances using a chain, suitable for small, level areas.
Instruments include chain, arrows, ranging rods, and pegs.

Arrows mark chain lengths during measurement.

The baseline serves as the main reference line.

A field book is important for recording observations systematically.

Pilot questions 1.2

1.
2.
3.
4.
5.

Chaining, ranging, and offsetting.

A field book records measurements.

Plotting is transferring field data onto paper to create a site plan.

Advantage: simple and inexpensive. Limitation: restricted to small, level areas.

Applications‘include measuring plots of land and preparing site plans.

Pilot questions 1.3

1.
2.
3.
4.
5.

Compass surveying measures directions with a compass and distances with a chain or tape.
Prismatic compass and surveyor’s compass.

The magnetic needle aligns with the earth’s magnetic field to indicate direction.

A bearing is the horizontal angle measured clockwise from north to a survey line.

Bearings are important for establishing orientation and site layout.

Pilot questions 1.4

1.

-
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2. Local attraction is magnetic interference affecting compass readings.

3. Sources include local attraction, defective instruments, and incorrect observation.

4. Defective instruments can give inaccurate bearings.

5. Applications include establishing boundaries and preparing site layouts.
References 1

e Bannister, A., Raymond, S., & Baker, R. (1998). Surveying. Pearson Education,

e Uren, J., & Price, W. F. (2010). Surveying for Engineers. Palgrave Macmillan,

e Clark, D. (2004). Plane and Geodetic Surveying. CRC Press.

e Open Educational Resources (OER) materials on surveying techniques, diagrams, and instruments.

Series 2: Contours And Site Mapping
Series outline

This Series will be organised into 4 main Parts, each with relevant sub-Parts to provide a clear and
progressive learning path.

Suggested Outline
2.1 Fundamentals of Contours
 2.1.1 Definition'and characteristics of contours
e 2.1.2Types of contours and their representation
e 2.1.3Importance of contours in surveying
2.2 Methods of Contour Determination
e 2.2.1 Direct methods of contouring
e 2.2.2Indirect methods of contouring
e 2.2.3 Accuracy considerations in contouring
2.3 Applications of Contours in Site Mapping
e 2.3.1 Use of contours in engineering design
e 2.3.2 Contours in hydrology and drainage planning

-
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e 2.3.3 Contoursinroad and railway alignment
2.4 Preparation and Interpretation of Contour Maps

e 2.4.1 Stepsin preparing contour maps

e 2.4.2 Reading and interpreting contour maps

e 2.4.3Limitations and challenges in contour mapping

Introduction

Accurate representation of the land surface is essential in engineering surveying, as it allows
engineers to visualise terrain and make informed design decisions. One of the most effective ways
to depict the shape and elevation of the ground is through contours, which are lines connecting
points of equal height. Contour maps provide a clear picture of slopes, valleys, ridges, and other
landforms, making them indispensable in planning construction projects, drainage systems, and
transportation routes.

The aim of this Series is to introduce you to the principles, methods, and applications of contouring,
and to equip you with the skills needed to prepare and interpret contour maps for engineering
purposes.

We shall commence this Series by examining the fundamentals of contours, including their
definition, characteristics, and importance in surveying. Then, we will move on to the methods of
contour determination, considering both direct and indirect approaches. Following that, we will
explore the applications of contours in site mapping, focusing on their role in engineering design,
hydrology, and transportation planning. Finally, we will wrap up by studying the preparation and
interpretation of contour maps, highlighting their limitations and challenges. This progression will
provide you with a comprehensive understanding of how contours are used to represent and analyse
terrain in engineering practice.

Series Learning Outcomes
Upon completing this'Series, you should be able to:
e SLO 2.1 define the concept and characteristics of contours in surveying,

e SLO 2.2 distinguish between different types of contours and explain how they are
represented on maps,

e SLO 2.3 explain the importance of contours in engineering surveying and site analysis,
e SLO 2.4 demonstrate direct methods of determining contours in the field,

e SLO 2.5 apply indirect methods of contour determination and assess their accuracy,

-
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e SLO 2.6 analyse the role of contours in engineering design, hydrology, and transportation
planning,

e SLO 2.7 describe the steps involved in preparing contour maps,
e SLO 2.8 interpret contour maps to identify terrain features and evaluate site suitability, and

e SLO 2.9 evaluate the limitations and challenges associated with contour mapping.

2.1 Fundamentals Of Contours
2.1.1 Definition and characteristics of contours

Contours are lines drawn on a map that connect points of equal elevation above a reference level,
usually mean sea level. They provide a way to represent three-dimensional. terrain on a two-
dimensional surface. The main characteristics of contours include. their spacing, which indicates
slope steepness, and their shape, which reflects landforms such ashills, valleys, and ridges.

Fillin the blank: Contours are lines that connect points.of equal above a reference level.

Diagram showing contour lines on a hill with varying spacing.

-
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Figure 2.1: Representation of terrain using contour lines:

| N
e A

Hill Peak\

Steep Slope ——> . Gentle Slope

Contour Lines and Landform Representation

2.1.2 Types of contours and their representation

Contours can be classified into index contours, intermediate contours, and supplementary
contours. Index contours are bold lines drawn at regular intervals and labelled with elevation values.
Intermediate contours are lighter lines between index contours, while supplementary contours are
dashed lines used to show minor variations in terrain. Together, they provide a clear representation
of the/land surface.

Fill in the blank: The bold contour lines that are labelled with elevation values are called
contours.

[Insert Plate here] Image of a topographic map showing index, intermediate, and supplementary
contours.

T | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Plate 2.1: Types of contour lines on a topographic map:

2.1.3 Importance of contours in surveying

Contours are important because they allow engineers to visualise terrain, plan construction
projects, and design infrastructure such as roads, railways, and drainage systems. They help in
estimating earthwork.quantities, identifying suitable sites, and preventing design errors caused by
overlooking terrain features.

Filk.in the blank: Contours are essential in surveying because they allow engineers to terrain
and plan construction projects.

Box 2.1: Key uses of contours in engineering surveying

1. Visualising terrain features.
2. Planning construction projects.

3. Designing roads, railways, and drainage systems.
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4. Estimating earthwork quantities. Al prompt suggestion: “Create a text box summarising the
key uses of contours in engineering surveying.” Search string: “importance of contours in
surveying OER”

Pilot questions 2.1
1. Define contours in surveying.
2. Whatdo closely spaced contours indicate about slope steepness?
3. Name the three types of contour lines.
4. Which contour lines are bold and labelled with elevation values?

5. State two reasons why contours are important in engineering surveying.

2.2 Methods Of Contour Determination
2.2.1 Direct methods of contouring

Direct methods involve locating points of:equal elevation directly on the ground using levelling
instruments. These points are marked.and later joined to form contour lines. Although accurate,
direct methods are time-consuming and best suited for small areas.

Fillin the blank: Contour points located directly on the ground using levelling instruments are joined
to form lines.

-
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[Insert Figure here] Diagram showing surveyors marking contour points with levelling instruments.
Figure 2.2; Direct method of contour determination:

Direct Method of Contouring

Leveling
Instrument

Line a Sight

Contour Point
(e.g., 1T00m AS.L.)

OER

ct methods of contouring

ethods involve first conducting a levelling survey to obtain spot heights, then interpolating
nes between these points. This method is faster and more practical for large areas.
on techniques include grid surveys and radial line methods.

L in the blank: In indirect methods of contouring, contour lines are obtained by between
spot heights.

Image of a grid survey used for indirect contouring.

-
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Plate  2.2: Indirect method of contour  determination using  grid  survey:
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Fig. Con. 10

2.2.3 Accuracy considerations in contouring

Accuracy in contouring depends on the instrument used, the method applied, and the terrain
conditions. Direct methods are more accurate but slower, while indirect methods are faster but
require careful interpolation. Engineers must balance accuracy with efficiency depending on project
needs.

Fill in the blank: Direct methods of contouring are.more but slower compared to indirect
methods.

Box 2.2: Accuracy considerations in.contouring
o Direct methods: high accuracy, slow process.

¢ Indirect methods: faster, requires careful interpolation.:

¢ High Accuracy e Low Accuracy
e Feature i i
Requirements Requirements
. . e Indirect (Grid/Cross-
e Method e Direct Contouring )
section)
e Ground ) ) e Sparse point
¢ Dense point collection )
Coverage collection
e Terrain Type e Complex/Undulating e Uniform/Flat
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e High Accuracy e Low Accuracy
e Feature

Requirements Requirements

e Map Scale e lLarge(e.g.,1:100) e Small(e.g., 1:10,000)

¢ Pilot questions 2.2

1. Whatis the principle of direct contouring methods?

2. Why are direct methods considered time-consuming?

3. Define indirect contouring methods.

4. Name one technique used in indirect contouring.

5. Compare the accuracy of direct and indirect methods:
2.3 Applications Of Contours In Site Mapping
2.3.1 Use of contours in engineering design

Contours are used in designing buildings, roads; and bridges by providing information about slope
and elevation. They help engineers decide the best location for structures and estimate earthwork
quantities.

Fill in the blank: Contours provide information about and elevation, which is essential in
engineering design.

2.3.2 Contours in hydrology and drainage planning

In hydrology, contours_ are used to identify catchment areas, plan drainage systems, and design
reservoirs. They show how water will flow across terrain, helping engineers prevent flooding and
manage water resources.

Fillin the blank: Contours are used in hydrology to identify areas and plan drainage systems.

Diagram-showing contours used to plan drainage channels.

-

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Figure 2.3: Application of contours in drainage planning:

Contour Lines for Drainage Planning

Catchment Area A o Catchment Area
B

2.3.3 Contours in road and railway alignment

Contours guide the alignment of roads and railways by showing the most economical path across
terrain. Engineers use contour maps to minimise steep gradients and reduce construction costs.

Fill in the blank: Contour maps: help engineers minimise steep when aligning roads and
railways.

Image of a contour map used for road alignment planning. Plate 2.3: Contour map for road alignment
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From Contour
To Concept

The Ultimate Guide to
Reading and Using
CONTOUR MAPS

Pilot questions 2.3

1. How are contours used in engineering design?

2. Whatrole do contours play in hydrology?

3. Define catchment area in relation to.contours.

4. Why are contours important in road alignment?

5. How do contours help reduce construction costs?
2.4 Preparation And Interpretation Of Contour Maps
2.4.1 Steps in preparing contour maps

Preparation involves conducting a survey, plotting spot heights, interpolating contour lines, and
finalising the map with labels and scales. Accuracy depends on careful plotting and clear
representation.

Fillin the blank: The process of drawing contour lines between spot heights is called
2.4.2 Reading and interpreting contour maps

Interpreting contour-maps involves recognising terrain features such as hills, valleys, ridges, and
depressions. Close contour spacing indicates steep slopes, while wide spacing shows gentle
slopes.

Fillin the blank: Close contour spacing on a map indicates a slope.

Diagram showing terrain features identified from contour maps.
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Figure 2.4: Interpreting terrain features from contour maps:

Interpeting Contour Maps:
Terrain Features

1. Hills & 2. Valleys 3. Ridges
Depressions

Ridge Line

2.4.3 Limitations and challenges in contour mapping

Contour mapping may be limited by rough terrain, dense vegetation, or instrument errors.
Challenges include maintaining accuracy during interpolation and ensuring maps are easy to read.
Engineers must be aware of these limitations when using contour maps for design.

Fillin the blank: Dense ____.can make contour mapping difficult and reduce accuracy.
Box 2.4: Limitations of contour mapping

1. Rough terrain.

2. Dense vegetation.

3. . Instrument errors.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



4. |Interpolation challenges.

Limitations of Contour Mapping

o Assumption of Uniform Slope

AN Assumes uniform slope between measured points, missing small
features.

Scale and Detail Trade-off
N . . N %
Smaller map scale sacrfices detail, omting minor features.

— Vertical Accuracy Limits
Accuracy limited to half the contour interval.

\\\§ Clutter in Steep Terrain
N

Lines merge in steep areas, reducing readaiblity

% High Field Work Requirement

Requires dense data collection, time-comosing for large
large areas.

% Dynamic Landscapes

Maps become obsloite due erosion or construction
Pilot questions 2.4
1. Listthe main steps in preparing contour maps.
2. What does close contour spacing indicate?
3. Name two terrain features identified from contour maps.
4. Mention one limitation of contour mapping.

5./ Why is interpolation a challenge in contour mapping?

Series summary

In this Series, we examined the role of contours in representing terrain and their importance in
engineering surveying. We began with the fundamentals, defining contours, exploring their
characteristics, and distinguishing between types such as index, intermediate, and supplementary
contours. We then studied methods of contour determination, comparing direct and indirect
approaches and considering accuracy issues. Following that, we explored practical applications of
contours in engineering design, hydrology, and transportation planning. Finally, we discussed the
preparation and interpretation of contour maps, highlighting terrain features and recognising

-
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limitations and challenges. Together, these topics provide learners with the knowledge and skills to
use contours effectively in site mapping and engineering projects.

Glossary of terms

e Contours: Lines drawn on a map connecting points of equal elevation above a reference
level.

¢ Index contours: Bold contour lines drawn at regular intervals and labelled with elevation
values.

¢ Intermediate contours: Lighter contour lines drawn between index contours.
e Supplementary contours: Dashed contour lines used to show minor variationsinterrain.

o Direct methods of contouring: Techniques where points of equal elevation are located
directly on the ground using levelling instruments.

¢ Indirect methods of contouring: Techniques where spot heights are obtained first, and
contour lines are interpolated between them.

¢ Interpolation: The process of estimating contour lines between known spot heights.

e Catchment area: The region from which water flows into a drainage system or reservoir,
identified using contours.

o Slope: The steepness of terrain, indicated by the spacing of contour lines.
o Contour map: A map that represents terrain features using contour lines.
Concept check questions 2
Upon completing this Series, you should be able to answer the following questions:
1. (Linked to SLO 2.1) Define contours and describe their main characteristics.
2. (Linked to SLO2.2) Distinguish between index, intermediate, and supplementary contours.
3. (Linkedto SLO 2.3) Explain why contours are important in engineering surveying.

4. (Linked to SLO 2.4) Demonstrate how direct methods of contouring are carried out in the
field.

5. (Linked to SLO 2.5) Apply indirect methods of contour determination and explain
interpolation.

6. (Linked to SLO 2.6) Analyse the role of contours in hydrology and drainage planning.
7. (Linked to SLO 2.7) Describe the steps in preparing contour maps.

8. (Linked to SLO 2.8) Interpret a contour map to identify terrain features such as hills and
valleys.
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9. (Linked to SLO 2.9) Evaluate one limitation of contour mapping and suggest how it can be
addressed.

Answers to pilot questions 2
Pilot questions 2.1
1. Contours are lines connecting points of equal elevation.
2. Close spacing indicates steep slopes.
3. Index, intermediate, and supplementary contours.
4. Index contours are bold and labelled with elevation values.
5. They help visualise terrain and plan construction projects.
Pilot questions 2.2
1. Direct methods locate points of equal elevation directly on the ground.
2. They are time-consuming because each point mustbe measured individually.
3. Indirect methods involve spot heights'and interpolation.
4. Grid survey is one technique used inindirect. contouring.
5. Direct methods are more accurate, while indirect methods are faster.
Pilot questions 2.3
1. Contours provide slope and elevation information for design.
2. Theyidentify catchment areas and guide drainage planning.
3. Acatchment area is the region from which water flows into a drainage system.
4. They help minimise steep gradients in road alignment.
5. By guiding alignment, they reduce earthwork and construction costs.
Pilot questions 2.4
1. "Survey, plot spot heights, interpolate contours, and finalise the map.
2. Close spacing indicates a steep slope.
3./ Hills and valleys are terrain features identified from contour maps.
4. Limitations include rough terrain and dense vegetation.
5. Interpolation can be challenging because it requires careful estimation.
References 2
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e Bannister, A., Raymond, S., & Baker, R. (1998). Surveying. Pearson Education.
e Uren,J., &Price, W. F. (2010). Surveying for Engineers. Palgrave Macmillan.
e Clark, D. (2004). Plane and Geodetic Surveying. CRC Press.
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Series 3: Traversing Techniques And Applications
Series outline
3.1 Fundamentals of Traversing

e 3.1.1 Definition and scope of traversing

e 3.1.2 Types of traverses (open and closed)

e 3.1.3 Importance of traversing in surveying
3.2 Methods of Conducting Traverses

e 3.2.1 Chain and compass traverse

e 3.2.2 Theodolite traverse

e 3.2.3 Field procedures and recording
3.3 Computation and Adjustment of Traverses

e 3.3.1 Latitude and departure calculations

e 3.3.2 Closing error and its adjustment

¢ _3:3.3 Balancing methods for traverse correction
3.4 Applications of Traversing in Site Work

e 3.4.1 Establishing boundaries of a site

e 3.4.2 Preparation of site plans and maps

e 3.4.3 Engineering applications of traverses

Introduction

-
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Accurate boundary establishment and site mapping are critical in engineering projects, as they ensure that
land is measured, recorded, and represented with precision. One of the most reliable methods for achieving
this is traversing, which involves measuring a series of connected lines to determine positions and
boundaries. Traversing is widely used in surveying because it provides both distance and directional
information, making it indispensable for preparing site plans and resolving boundary disputes.

The aim of this Series is to introduce you to the principles, methods, and applications of traversing, and to
equip you with the skills needed to conduct traverses, compute and adjust errors, and apply the results in
practical site work.

We shall commence this Series by examining the fundamentals of traversing, including its definition, scope,
and types. Then, we will move on to the methods of conducting traverses, focusing on chain and compass
traverses, theodolite traverses, and field procedures. Following that, we will‘explore computation and
adjustment of traverses, considering latitude and departure calculations, closing errors, and balancing
methods. Finally, we will wrap up by discussing the applications of traversing in site, work, such as
establishing boundaries, preparing site plans, and supporting engineering projects. This progression will
provide you with a comprehensive understanding of traversing techniques and their practical applications
in surveying.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 3.1 define the concept of traversing and explain its scope in surveying,
e SLO 3.2 distinguish between open and closed traverses,
¢ SLO 3.3 explain the importance of traversing in boundary establishment and site mapping,
e SLO 3.4 demonstrate how to conduct a chain and compass traverse in the field,
e SLO 3.5 describe the procedure for carrying out a theodolite traverse,
e SLO 3.6 apply appropriate field procedures for recording and plotting traverse data,
e SLO 3.7 calculate latitude and departure for traverse lines,
¢ SLO 3.8 analyse closing errors in a traverse and explain methods of adjustment,
e SLO 3.9 evaluate balancing methods used to correct traverse errors,
e SLO 3.10 apply traversing techniques to establish site boundaries,
e SLO 3.11 interpret traverse data to prepare accurate site plans and maps, and

e SLO 3.12 assess the engineering applications of traverses in construction and design projects.

3.1 Fundamentals Of Traversing

3.1.1 Definition and scope of traversing

-
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Traversing is a surveying method in which a series of connected lines are measured to determine positions,
boundaries, and site layouts. Each line is defined by its length and direction, and together they form a
network that can be plotted to represent the surveyed area. The scope of traversing includes boundary
establishment, preparation of site plans, and supporting engineering projects such as road alignment and
construction.

Fill in the blank: Traversing is a surveying method in which a series of connected are measured to
determine positions and boundaries.

Diagram showing a simple open and closed traverse network. Figure 3.1: Basic representation of traverses
in Surveying:

Open & Closed Traverse Networks

1. Closed Traverse 2. Open Traverse

Starts and ends at the same Starts at a known point and
point or a known point. ends at a unknown point.
Used for boundaries Used for for roads, pipelines,
and large-area surveys and coastal surveys

3.1.2 Types of traverses (open and closed)

There are two main types of traverses: open traverse and closed traverse. An open traverse does not return
to its starting point and is often used for long linear projects such as roads, pipelines, or canals. A closed
traverse forms a polygon by returning to its starting point, making it suitable for boundary surveys and site

mapping.

-
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Fill in the blank: A traverse that forms a polygon by returning to its starting point is called a traverse.
Image showing examples of open and closed traverses on a site plan.

Plate 3.1: closed traverses:

Examples of open and

g projects. Traverses also serve as a foundation for more advanced surveying techniques.

ill in the blank: Traversing provides both and directional information, which are essential for
curate site mapping.

Box 3.1: Importance of traversing in surveying

1. Establishing boundaries.
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2. Preparing site plans and maps.
3. Supporting engineering projects.

4. Providing a foundation for advanced surveying techniques:

The Importance of Traversing in Surveying

Key Roles of Travesring

@ Establisiment of Control Points
@ Boundary and Property Surveys
/ ,\ Infrastrrcture Planning
e Topograhic Mapping

Error Detection and Precision

‘ﬁ% Data for Large-Scale Engineering

Summary Table

Travese Type | Common Use Case ‘ Primary Benefit

Closed Boundary surveys, building sites | High accuracy; easy to
verify errors.

Open Road, river, or corridor mapping Efficient for long,
narrow distances.

Pilot questions 3.1
1. Define traversing in surveying.
2. »What is the difference between an open traverse and a closed traverse?
3./ Give one example of where an open traverse is used.
4. Why is a closed traverse suitable for boundary surveys?

5. State two reasons why traversing is important in surveying.

-
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3.2 Methods Of Conducting Traverses
3.2.1 Chain and compass traverse

A chain and compass traverse involves measuring distances with a chain or tape and directions with a
compass. This method is simple and inexpensive, but accuracy depends on careful alignment and avoi
of local attraction. It is often used for small-scale surveys.

Fill in the blank: In a chain and compass traverse, distances are measured with a chain and di ns w
a

Diagram showing surveyors conducting a chain and compass traverse.

Figure 3.2: Chain and compass traverse .« ractice

Chain & Compass Travese

Station A Station B
L 2

Traverse Line
(Length & Bearing Measured)

( IS

Gunter's Chain Prismatic Compass OER

A 4

3.2.2 Theodolite traverse
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A theodolite traverse uses a theodolite to measure horizontal and vertical angles, combined with a chain
or tape for distances. This method is more accurate than chain and compass traverses and is suitable for
large projects requiring precise measurements.

Fill in the blank: A theodolite traverse is more than a chain and compass traverse and is suitable for
large projects.

Image of a surveyor using a theodolite for traversing.

Plate 3.2: Conducting theodolite traverse:

3.2.3 Field procedures and recording

Field procedures involve setting up instruments, measuring distances and angles, and recording
observations in a field book. Proper recording ensures that traverse data can be accurately plotted and
analysed later.

Fill in the blank: Traverse observations are systematically recorded in a book.
Box 3.2: Key steps in conducting a traverse

1. Set up instruments.
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2. Measure distances and angles.
3. Record observations in a field book.

1. Reconnaissance and Station Selection

o Site Walkover: Surveyors first scout the area to select the best positions for traverse stations.

o Intervisibility: Each station must have a clear line of sight to both the preceding and the
following station.

o Stability: Stations are marked with semi-permanent markers (wooden stakes, iron pins, or."PK"
nails) in ground that is unlikely to be disturbed.

2. Measuring Distance

e The horizontal distance between stations is measured.
¢ Methods: Traditionally done with a steel tape or Gunter’s chain, but modern surveys use
Electronic Distance Measurement (EDM) or Total Stations for millimeter precision.

3. Measuring Angles or Bearings

¢ Angular Measurement: At each station, the horizontal angle between the "back-sight" station
and the "fore-sight" station is measured.using a.theodolite or Total Station.

¢ Directional Measurement: In some cases, a prismatic compass is used to measure the magnetic
bearing of the lines directly.

4. Field Note Documentation

¢ All measurements (angles, distances, and station descriptions) are recorded in a standardized field
book.

e Sketches: A rough "eye=sketch" of the traverse network is drawn to prevent confusion during
data processing.

5. Office Computations & Error Adjustment

¢ Closing Error: For a closed traverse, the sum of internal angles should be $(n - 2) \times 180°S.
Any discrepancy is the angular error.

e Latitudes and Departures: The polar coordinates (angle and distance) are converted into
Cartesian coordinates $(X, Y)$.

¢ | Balancing: Methods like the Bowditch Rule or Transit Rule are used to distribute small
measurement errors throughout the network to "close" the loop mathematically.

Field Procedure Summary

|Phase ||Goal ||Primary Tool |
|Preparation ||Station marking ||Pegs, Mallet, Ranging Rods |
|Data CollectionHDistance & Angles“Total Station / Tape & Theodolite|
|Veriﬁcation ||Accuracy check ||Sum of angles / Closing link |

-
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Pilot questions 3.2

1.
2.
3.
4.
5.

What is a chain and compass traverse?

Why is local attraction a concern in chain and compass traverses?
What instrument is used in a theodolite traverse?

Why is a theodolite traverse more accurate?

What is the purpose of a field book in traversing?

3.3 Computation And Adjustment Of Traverses

3.3.1 Latitude and departure calculations

Latitude is the north—south displacement of a traverse line, while departure is the east-west displacement.
These are calculated using trigonometric functions based on the line’s length and bearing. They are essential
for plotting and adjusting traverses.

Fill in the blank: The north—south displacement of a traverse line is called its

Diagram showing latitude and departure components of a/traverse line.
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Figure 3.3: Latitude and departure in traverse computation:

Latitude & Departure of a
Traverse Line
N

Station B
Latitude
(L cos 8)

> East

4
"
P
- el e - - -

'Departure
8 ' (L sin 8)

s i o
p

B Station A

O=R

3.3.2 Closing error and its adjustment

A closing error occurs when the plotted endpoint of a traverse does not coincide with its true position. This
error i$ measured by comparing the sum of latitudes and departures. Adjustments are made to distribute the
error across the traverse lines.

Fill.in the blank: The difference between the plotted endpoint and the true position of a traverse is called
the error.

3.3.3 Balancing methods for traverse correction

Balancing methods include the Bowditch method and the Transit method, which distribute closing errors
proportionally among traverse lines. These methods ensure that the corrected traverse is geometrically
consistent.

Fill in the blank: The Bowditch method distributes closing errors proportionally to the of traverse
lines.

-
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Common methods of balancing traverses
1. Bowditch method.

2. Transit method.

Commen Methods of Balancing Traveses

The Bowditch Rule (Compass Rule):

512 Error adjustment = (Line Length / Total Travase Length) X Total Error

& The Transit Rule

A Modified Bowdich Rule
lkii The Gale’s Table Method
kii Graphinal Method

Comparison of Popular Methods

Method Best Use Case Logic

Bowdtich General Engineering Survey Based on line length

Transit High Angular Precision Bast coordinate values

Least Squares Geodetic/High-Order Control Statistical probability

Pilot questions 3.3
1. Define latitude and departure in traversing.
2./ How are latitudes and departures calculated?
3. What is a closing error in a traverse?
4. Name two methods used to balance traverse errors.

5. Why is balancing necessary in traverse computation?
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3.4 Applications of Traversing in Site Work
3.4.1 Establishing boundaries of a site

Traverses are widely used to establish boundaries of plots of land. By measuring and plotting connected
lines, surveyors can define property limits accurately.

Fill in the blank: Traverses are used to establish of plots of land.
3.4.2 Preparation of site plans and maps

Traverse data is plotted to prepare site plans and maps, which serve as references for construction projects.
Accurate site plans ensure proper design and implementation.

Fill in the blank: Traverse data is plotted to prepare site and maps.
Image of a site plan prepared using traverse data.

Plate 3.3: Site plan prepared from traverse data:

3.4.3 Engineering applications of traverses

Traverses are applied in engineering projects such as road alignment, bridge construction, and utility
installation. They provide essential data for design and layout.

Fill in the blank: Traverses provide essential data for alignment and construction projects.
Box 3.4: Engineering applications of traverses

1. Road alignment.
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2. Bridge construction.

3. Utility installation.:

Engineering Applications of Traversing

@ Road and Highway Alignment
M Boudary and Property Surveys
Bridge and Tunnel Surveys
Pieeline and Utility Routing
Dam Damd Reservoir Mapping

Mining Site Tumeling

Hg kDD

Data Deteton-Scae and Echineesion

Summary Table

Application Type ‘ Primary Travese Method | Focus Area

Closed Boundary surveys, building sites

Building Site Layout | Road, river, or corridor mapping

Pilot questions 3:4
1. How are traverses used to establish boundaries?
2. ~ What is the role of traverses in preparing site plans?
3. Give one example of an engineering project that uses traverses.
4. Why are traverses important in road alignment?

5. | State two engineering applications of traverses.

Series summary

In this Series, we examined traversing as a fundamental surveying technique used to measure and plot
connected lines for boundary establishment and site mapping. We began with the definition and scope of
traversing, distinguishing between open and closed traverses, and highlighting their importance. We then
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studied methods of conducting traverses, including chain and compass traverses, theodolite traverses, and
the procedures for recording field data. Following that, we explored computation and adjustment of
traverses, focusing on latitude and departure calculations, closing errors, and balancing methods such as
Bowditch and Transit. Finally, we discussed the applications of traversing in site work, including
establishing boundaries, preparing site plans, and supporting engineering projects such as road alignment
and utility installation. This Series equips learners with both theoretical knowledge and practical skills for
accurate surveying.

Glossary of terms
e Traverse: A series of connected survey lines measured to determine positions‘and boundaries.

e Open traverse: A traverse that does not return to its starting point, often'used for linear projects
such as roads or pipelines.

¢ Closed traverse: A traverse that forms a polygon by returning to its starting point, suitable for
boundary surveys.

e Chain and compass traverse: A method of traversing using a-chain for distance and a compass
for direction.

¢ Theodolite traverse: A traverse conducted using a theodolite to measure angles and a chain or tape
for distances.

e Field book: A notebook used to record traverse measurements and observations systematically.
e Latitude: The north—south displacement of a traverse line.

¢ Departure: The east—west displacement of a traverse line.

e Closing error: The difference between the plotted endpoint of a traverse and its true position.

e Bowditch method: A balancing method that distributes closing errors proportionally to line
lengths.

e Transit method: A balancing method that distributes closing errors based on line directions.
Concept check questions 3
Upon completing this Series, you should be able to answer the following questions:

1. (Linked to SLO 3.1) Define traversing and explain its scope in surveying.

2. (Linked to SLO 3.2) Distinguish between open and closed traverses.

3." (Linked to SLO 3.3) Explain why traversing is important in boundary establishment.

4. (Linked to SLO 3.4) Demonstrate how a chain and compass traverse is conducted.

5. (Linked to SLO 3.5) Describe the procedure for a theodolite traverse.

6. (Linked to SLO 3.7) Calculate latitude and departure for a given traverse line.

7. (Linked to SLO 3.8) Analyse closing errors in a traverse.
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8. (Linked to SLO 3.9) Evaluate one balancing method used to correct traverse errors.
9. (Linked to SLO 3.10) Apply traversing techniques to establish site boundaries.
10. (Linked to SLO 3.12) Assess the engineering applications of traverses in construction projects.
Answers to pilot questions 3
Pilot questions 3.1
1. Traversing is a surveying method involving connected lines measured for positions-and boundaries.
2. An open traverse does not return to its starting point, while a closed traverse forms a polygon.
3. Open traverses are used for roads, pipelines, or canals.
4. Closed traverses are suitable for boundary surveys because they enclose an area.
5. Traversing is important for accurate site mapping and engineering projects.
Pilot questions 3.2
1. A chain and compass traverse measures distances with.a chain and directions with a compass.
2. Local attraction can distort compass readings.
3. A theodolite is used in a theodolite traverse.
4. A theodolite traverse is more accurate because it measures angles precisely.
5. A field book records traverse.observations systematically.
Pilot questions 3.3
1. Latitude is the north-south displacement, and departure is the east—west displacement.
2. They are calculated using trigonometric functions based on line length and bearing.
3. Closing error is the difference between the plotted endpoint and the true position.
4. Bowditch and Transit methods are used to balance traverse errors.
5. /Balancing ensures the corrected traverse is geometrically consistent.
Pilot questions 3.4
1. Traverses are used to establish boundaries of plots of land.
2. Traverse data is plotted to prepare site plans.
3. Road alignment is an example of an engineering project using traverses.
4. Traverses minimise steep gradients in road alignment.
5. Applications include bridge construction and utility installation.
References 3
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Series 4: Levelling And Tachometry Methods
Series outline
4.1 Fundamentals of levelling
e 4.1.1 Definition and scope of levelling
e 4.1.2 Types of levels and their components
e 4.1.3 Principles of levelling
4.2 Methods of levelling
e 4.2.1 Simple levelling
e 4.2.2 Differential levelling
e 4.2.3 Profile and cross-section levelling
4.3 Tachometry principles and techniques
e 4.3.1 Definition and scope of tachometry
e 4.3.2 Instruments used in tachometry
e 4.3.3 Methods of tachometric distance and elevation measurement
4.4 Applications of levelling and tachometry
e 4.4.1 Levelling in construction and earthwork projects
e  4.4.2 Tachometry in topographic surveying

e  4.43 Integration of levelling and tachometry in engineering design

Introduction

In surveying, determining accurate elevations and distances is just as important as measuring boundaries
and directions. Engineers rely on levelling to establish relative heights of points on the ground, which is

-
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crucial for construction projects, drainage systems, and earthwork calculations. Similarly, tachometry
provides a rapid method of measuring both distances and elevations using specialised instruments, making
it particularly useful in topographic surveys. Together, these methods ensure that terrain is represented with
precision and efficiency.

The aim of this Series is to introduce you to the principles, methods, and applications of levelling and
tachometry, and to equip you with the skills needed to carry out field procedures, compute results, and
apply them in engineering design and construction.

We shall commence this Series by examining the fundamentals of levelling, including its.definition, scope,
and the types of levels used. Then, we will move on to the methods of levelling, such as/simple, differential,
and profile levelling. Following that, we will explore tachometry principles and techniques, focusing on
instruments and methods of measurement. Finally, we will wrap up by discussing the applications of
levelling and tachometry in construction, topographic surveying, and engineering design. This progression
will provide you with a comprehensive understanding of how these methods are applied in practice.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 4.1 define the concept and scopeof levelling in surveying,
¢ SLO 4.2 identify different types of levels and describe their components,
e SLO 4.3 explain the principles that govern levelling operations,
e SLO 4.4 demonstrate how to carry out simple levelling in the field,
¢ SLO 4.5 apply differential levelling techniques to determine relative elevations,
e SLO 4.6 conduct profile and cross-section levelling for engineering projects,
¢ SLO 4.7 define tachometry and explain its scope in surveying,
¢ SLO 4.8 describe the instruments used in tachometry and their functions,
¢ SLO 4.9 demonstrate methods of measuring distances and elevations using tachometry,
¢ SLO 4.10 apply levelling techniques in construction and earthwork projects,
e SLO 4.11 analyse the role of tachometry in topographic surveying, and

e SLO 4.12 evaluate how levelling and tachometry can be integrated in engineering design.

4.1 Fundamentals Of Levelling
4.1.1 Definition and scope of levelling

Levelling is a surveying method used to determine the relative heights of points on the earth’s surface. It
provides essential information about elevation differences, which is critical for construction, drainage, and

-
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earthwork projects. The scope of levelling includes establishing benchmarks, preparing contour maps, and
ensuring that structures are built on level foundations.

Fill in the blank: Levelling is a surveying method used to determine the relative
earth’s surface.

of points on the

Diagram showing a levelling instrument set up to measure elevation differences between two points:

Figure 4.1: Basic levelling setup in surveying:

Basic Levleling: Measuring
Elevation Difference

Point A Datum

Elevation of B = Elevation of A+BS - FS

4.1.2 Types of levels and their components

The main instruments used in levelling are levels, which include the dumpy level, tilting level, and
automatic level. Each consists of a telescope mounted on a tripod, a spirit level for alignment, and
adjustment screws for precision. These instruments allow surveyors to sight a graduated staff placed at
different points to measure elevation differences.

Fill in the blank: The telescope mounted on a tripod and used in levelling instruments is called a

Image of a dumpy level mounted on a tripod with a levelling staff.
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Plate 4.1: Dumpy level and staff used in levelling:

4.1.3 Principles of levelling

The principle of levelling is based on establishing a horizontal line of sight using the instrument and
measuring the vertical distance between this line and points on the ground. By comparing readings taken
on a levelling staff, the relative elevations of points can be determined. This principle ensures accuracy in
construction and site preparation.

Fill in the blank: The principle of levelling is based on establishing a line of sight using the
instrument.

Box 4.1: Principles of levelling
1. ' Establish a horizontal line of sight.

2. Take staff readings at different points.
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3. Compare readings to determine relative elevations.

Core Princioles of Levelling in Surveying

1. The Horizontel Line of Sight

ﬂ g » Racksight
 The norumts the sufffer lay sight, of ancrmark - levelight ir last a colnde in
sparet the inst a laptarners or the grets”.

2. Differensial Levelling (Rasic Concept)

« Racksight (BS)
E * Foresight (FS)

3. Key Mathematical Relationshins

=

Height of Instrument (HI) HI) Method
$HI = Elevation of Racksight
 Elevation of Newirimark + HI - Foresight
@ 3. Differense = Preveiuse = Previous Reading - Present Reading

» Datum » New Elevation = Previous Elevation of Rise (or - Fall)
Renchmark (BM)

4. Renchmarks and Datums

Summary of Levelling Terms

Station The point where the *staff* is point both FS and RS taken to Definition
"move" the instrument forward.

Redum Shange Point (SP)  The calculated vertiad vertical elevation of point relative to a datum.

Pilot questions 4.1
1. Define levelling in surveying.
2., Whatis the scope of levelling in engineering projects?
3. Name three types of levels used in levelling.
4. What s the function of the telescope in a levelling instrument?

5./ State the principle on which levelling is based.

4.2 Methods Of Levelling

4.2.1 Simple levelling
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Simple levelling involves determining the difference in elevation between two points using a single setup
of the instrument. It is the most basic form of levelling and is often used for small-scale tasks such as
checking the level of a floor or foundation.

Fill in the blank: Simple levelling determines the difference in between two points using a single

instrument setup.

Diagram showing simple levelling between two points with a staff. Figure 4.2: Simple levelling setup

Simple Levleling in Surveying:
Determning Elevation Difference

Method: Height of Instrument (HI)

. Foresight (FS)
Backsict (BS) | Horizontal Line of Sight p
el | =

Difference in k
Elevation
=BS-FS

{ HI (Height
i of Instrument

Point A Foresight

,,,,,
v

RL (Reduced
Level) of B

Datum

If Elevation of A is Known:

Elevation of B = Elevation A + BS - FS

4.2.2 Differential levelling

Differential levelling is used when points are far apart or when obstacles prevent direct sighting. It involves
multiple instrument setups and staff readings, allowing surveyors to calculate elevation differences across
long distances.

Fill in the blank: Differential levelling is used when points are far apart or when prevent direct
sighting.

Image of surveyors conducting differential levelling with multiple setups.

Plate 4.2: Differential levelling in practice:

-
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4.2.3 Profile and cross-section levelling

Profile levelling involves taking readings along a line, such as the centreline of a proposed road, to
determine changes in elevation. Cross-section levelling involves taking readings perpendicular to the
profile line to provide information about the terrain on either side. These methods are essential in road and
railway construction.

Fill in the blank: Profile levelling involves taking readings along the of a proposed road.
Box 4.2 Applications of profile and cross-section levelling
1.~ Road construction.

2.. Railway alignment.
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3. Drainage planning.:

Applications of Profile and Cross-Section Levelling

Summary Table

1. Profile Levelling (Longigutional Section)

/A\  Road and Railway Design
* Foresight (FS)

* Drainage Studies

Wy Sl
‘ e Pieeline and Sewer Construction
4 Earthwork Volume Estimation

2. Cross-Section Levelling

* Roadway Width Design
« Detrernning shape and slopes
=°= » Detailed Earthwork Calculations (= or-Fall)

Profile Levelling Terms

Direction Along  Along the centeline

Definition
(Longiguonal)
Primary- Deterrming gradients and slopes Perpepredvar crereline
Goal
Primary Goal ~ Determing'e and earthwork area  Structural Footings
Typierval Interval Every 20m, 50m, or 100m At every profile station

Pilot questions 4.2
1. Define simple levelling.
2. When is differential levelling used?
3. What is the purpose of profile levelling?
4. Why is cross-section levelling important in road construction?
5. State one limitation of simple levelling.
4.3 Tachometry Principles And Techniques
4.3.1 Definition and scope of tachometry
o
Do)
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Tachometry is a rapid surveying method that uses a theodolite fitted with stadia hairs to measure both
distances and elevations. It is particularly useful in rough terrain where chaining is difficult. The scope of
tachometry includes topographic surveys and reconnaissance work.

Fill in the blank: Tachometry is a rapid surveying method that uses a theodolite fitted with hairs to
measure distances and elevations.

Diagram showing stadia hairs in a tachometer telescope.

Figure 4.3: Stadia hairs used in tachometry:

Upper Stadia Hair (U)

Central Crosshair

Lower Stadia Hair (L) Leveling Staff (Rod)

4.3.2 Instruments used in tachometry

The main instrument used in tachometry is the tacheometer, a modified theodolite with stadia hairs. It
allows surveyors to quickly measure distances and elevations without the need for chains or tapes.

Fill in the blank: The main instrument used in tachometry is the , a modified theodolite with stadia
hairs:

Image of a tacheometer mounted on a tripod.
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Plate 4.3: Tacheometer used in tachometry Al prompt suggestion:

4.3.3 Methods of tachometric distance and elevation measurement

Tachometry uses stadia intercepts to calculate distances and elevations. By reading the staff intercepts
through the telescope, surveyors. can apply formulas to determine horizontal distances and vertical
differences.

Fill in the blank: Tachometry uses stadia intercepts to calculate and elevations.
Box 4.3: Methods of tachometric measurement
1.. Stadia method.

2. Tangential method.

Pilot questions 4.3
1. Define tachometry in surveying.
2. What are stadia hairs used for?

3. Name the main instrument used in tachometry.
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4. What is the stadia method in tachometry?

5. Why is tachometry useful in rough terrain?

4.4 Applications Of Levelling And Tachometry
4.4.1 Levelling in construction and earthwork projects

Levelling is essential in construction projects to ensure foundations are laid correctly-and earthwork
quantities are estimated accurately. It helps prevent structural failures caused by uneven ground.

Fill in the blank: Levelling ensures that are laid correctly in construction projects.
4.4.2 Tachometry in topographic surveying

Tachometry is widely used in topographic surveys because it allows rapid measurement of distances and
elevations. It is particularly effective in hilly or forested areas where chaining is impractical.

Fill in the blank: Tachometry is particularly effective in areas where chaining is impractical.

Image of a topographic survey conducted using tachometry.

Plate 4.4: Tachometry in topographic surveying:

4.4.3 Integration of levelling and tachometry in engineering design

Levelling and tachometry are often integrated in engineering design to provide both accurate elevations and
rapid distance measurements. This combination ensures efficient planning and execution of projects such
as roads, bridges, and drainage systems.

Fill in the blank: Levelling and tachometry are integrated in engineering design to provide accurate
elevations and rapid measurements.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Box 4.4: Integration of levelling and tachometry
1. Road design.
2. Bridge construction.

3. Drainage system planning.

Pilot questions 4.4
1. Why is levelling important in construction projects?
2. How does tachometry support topographic surveying?
3. Give one example of where levelling is applied in engineering.
4. Why is tachometry effective in hilly terrain?

5. How are levelling and tachometry integrated in engineering design?

Series summary

In this Series, we explored levelling and tachometry as essential surveying methods for determining
elevations and distances. We began with the fundamentals of levelling, defining its scope, identifying types
of levels, and explaining the principles behind their use. We then examined methods of levelling, including
simple, differential, profile, and cross-section levelling, highlighting their applications in construction and
road projects. Following that, we studied tachometry, focusing on its definition, instruments such as the
tacheometer, and methods of measurement using stadia and tangential techniques. Finally, we discussed
practical applications of levelling and tachometry in construction, topographic surveying, and engineering
design, emphasising how these methods complement each other to ensure accuracy and efficiency in site
work.

Glossary of terms

o Levelling: A surveying method used to determine the relative heights of points on the earth’s
surface.

e | Benchmark: A fixed reference point of known elevation used in levelling.
¢  Dumpy level: A traditional levelling instrument with a fixed telescope.

e . Automatic level: A levelling instrument with a compensator that automatically establishes a
horizontal line of sight.

e Simple levelling: Determining elevation difference between two points using a single instrument
setup.

e Differential levelling: Levelling method involving multiple setups to measure elevation
differences across long distances.

-
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Profile levelling: Taking readings along a line, such as a road centreline, to determine elevation
changes.

Cross-section levelling: Taking readings perpendicular to a profile line to assess terrain on either
side.

Tachometry: A rapid surveying method using a theodolite with stadia hairs to measure distances
and elevations.

Tacheometer: A modified theodolite fitted with stadia hairs for tachometric measurements.
Stadia method: Tachometric technique using staff intercepts to calculate distances and elevations.

Tangential method: Tachometric technique using angles of elevation or depression to‘calculate
distances.

Concept check questions 4

Upon completing this Series, you should be able to answer the following questions:

1.
2.

10.
1.
12.

(Linked to SLO 4.1) Define levelling and explain its scope in surveying.

(Linked to SLO 4.2) Identify three types. of levels and deseribe their components.
(Linked to SLO 4.3) Explain the principle of levelling.

(Linked to SLO 4.4) Demonstrate how simple levelling is carried out.

(Linked to SLO 4.5) Apply differential levelling to measure elevation differences across long
distances.

(Linked to SLO 4.6) Describe. the purpose of profile and cross-section levelling.
(Linked to SLO 4.7) Define tachometry and explain its scope.
(Linked to SLO 4.8) Describe the tacheometer and its function.

(Linked to SLO 4.9). Demonstrate how distances and elevations are measured using stadia
intercepts.

(Linked to SLO 4.10) Apply levelling techniques in construction projects.
(Linked to SLO 4.11) Analyse the role of tachometry in topographic surveying.

(Linked to SLO 4.12) Evaluate how levelling and tachometry can be integrated in engineering
design.

Answers to pilot questions 4

Pilot questions 4.1

1.
2.

-

Levelling is a surveying method used to determine relative heights of points.

Its scope includes establishing benchmarks, preparing contour maps, and ensuring level
foundations.
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3. Types of levels include dumpy level, tilting level, and automatic level.
4. The telescope is used to sight the staff and measure elevation differences.
5. Levelling is based on establishing a horizontal line of sight.
Pilot questions 4.2
1. Simple levelling determines elevation difference between two points using one setup.
2. Differential levelling is used when points are far apart or obstacles prevent directsighting.
3. Profile levelling is used along a line such as a road centreline.
4. Cross-section levelling provides terrain information on either side of the profile.
5. Simple levelling is limited to short distances.
Pilot questions 4.3
1. Tachometry is a rapid surveying method using stadia hairs.
2. Stadia hairs are used to measure staff intercepts for distance and elevation.
3. The main instrument is the tacheometer.
4. The stadia method calculates distances using staff intercepts.
5. Tachometry is useful in rough terrain where chaining is difficult.
Pilot questions 4.4
1. Levelling ensures foundations are laid correctly.
2. Tachometry supports topographic surveying by providing rapid measurements.
3. Levelling is applied in earthwork estimation.
4. Tachometry is effective in hilly terrain.
5. Levelling and tachometry are integrated in road and bridge design.
References 4
e Bannister; A., Raymond, S., & Baker, R. (1998). Surveying. Pearson Education.
e Uren, J., & Price, W. F. (2010). Surveying for Engineers. Palgrave Macmillan.
e | Clark, D. (2004). Plane and Geodetic Surveying. CRC Press.

e Open Educational Resources (OER) materials on levelling methods, tachometry techniques, and
engineering applications.
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Series 5: Introduction To Photogrammetry
Series outline
5.1 Fundamentals of photogrammetry
e 5.1.1 Definition and scope of photogrammetry
e 5.1.2 Historical development and modern relevance
e 5.1.83 Principles of photographic surveying
5.2 Types of photogrammetry
e 5.2.1Terrestrial photogrammetry
e 5.2.2 Aerial photogrammetry
e 5.2.3Digital photogrammetry
5.3 Photogrammetric processes and techniques
e 5.3.1Image acquisition and control points
e 5.3.2 Stereoscopic vision and 3D modelgeneration
e 5.3.3 Data processing and interpretation
5.4 Applications of photogrammetryin engineering and mapping
e 5.4.1 Topographic mapping and land surveys
e 5.4.2 Construction and infrastructure monitoring

¢ 5.4.3Integrationwith GIS and remote sensing

Introduction

Surveying has evolved /lbeyond traditional ground-based measurements to include advanced
techniques that capture terrain and structures through imagery. Photogrammetry is one such
method, where photographs are used to obtain reliable measurements and create maps or 3D
models. It has become increasingly important in engineering and mapping because it allows large
areas to be surveyed quickly and with high accuracy, especially when conventional methods are
impractical.

The-aim of this Series is to introduce you to the principles, types, processes, and applications of
photogrammetry, and to equip you with the skills needed to interpret images, generate spatial data,
and apply these techniques in engineering and mapping projects.

We shall commence this Series by exploring the fundamentals of photogrammetry, including its
definition, scope, historical development, and principles of photographic surveying. Then, we will

-
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move on to examine the types of photogrammetry, such as terrestrial, aerial, and digital approaches.
Following that, we will study photogrammetric processes and techniques, focusing on image
acquisition, stereoscopic vision, and data interpretation. Finally, we will wrap up by discussing the
applications of photogrammetry in topographic mapping, construction monitoring, and integration
with GIS and remote sensing. This progression will provide you with a comprehensive understanding
of how photogrammetry supports modern surveying and engineering design.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 5.1 define the concept and scope of photogrammetry in surveying,
e SLO 5.2 explain the historical development and modern relevance of photogrammetry,
e SLO 5.3 describe the principles of photographic surveying,
o SLO 5.4 distinguish between terrestrial, aerial, and digitalphotogrammetry,

e SLO 5.5 demonstrate how images are acquired. and control points established in
photogrammetry,

e SLO 5.6 explain the principle of stereoscopic vision and its role in generating 3D models,
e SLO 5.7 apply photogrammetric techniques to process and interpret spatial data,
e SLO 5.8 analyse the use of photogrammetry in topographic mapping and land surveys,

e SLO 5.9 evaluate therole of photogrammetry in construction and infrastructure monitoring,
and

e SLOS5.10assess how photogrammetry integrates with GIS and remote sensing in engineering
applications.

5.1 Fundamentals Of Photogrammetry
5.1.1 Definition and scope of photogrammetry

Photogrammetry is the science and technology of obtaining reliable measurements and spatial
data from photographs. It involves capturing images of terrain or objects and using them to
determine dimensions, positions, and shapes. The scope of photogrammetry extends to
topographic mapping, engineering surveys, and monitoring changes in the environment.

Fill in the blank: Photogrammetry is the science and technology of obtaining reliable from
photographs.

Diagram showing how photographs are used to derive measurements in photogrammetry.

-
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Figure 5.1: Basic concept of photogrammetry:

Photogrammetry: Deriving Measurements from Images

Basic Concept: Overlaping Aerial Photographs

: - Left Eye View

4 Creates a 3D
N Stereo-Model

Derived Data:
Contour Lines,

3D Points, Elevations,
Distances

™~
Measurement & Mapping

From 2D Images to Accurate 3D Maps

5.1.2 Historical development and modern relevance

Photogrammetry dates back to the mid-19th century when photographs were first used for mapping.
Early applications involved terrestrial photographs taken from fixed positions. With the advent of
aviation, aerial photogrammetry became widespread, enabling large-scale mapping. Today, digital
photogrammetry and drone-based surveys have revolutionised the field, making it faster, more
accurate, and more accessible.

Fillin the blank: The widespread use of aerial photogrammetry began with the advent of
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Image showing historical aerial photogrammetry compared with modern drone-based

photogrammetry.

Plate 5.1: Evolution of photogrammetry from aerial photography to drone surveys suggestion:

Particulars

Aerial Photogrammetry

UAYV Photogrammetry

Data Acquisition

Manual/Assisted

Assisted/Manual/ Automatic

Aerial Vehicle

Highly stable specially designed

Small aerial Vehicles with

aircrafts certain payload capacity
GPS/INS cm-dm cm-10m
Configurations
Image Resolution | cm-m mm-m
Ground Coverage | Km® M*-km”

Cameras

Well calibrated cameras especially
designed for photogrammetric

applications

Can work with normal off-

shelf digital cameras

Fiducial Marks

Present

Absent

Flying Height

100 m-10 km

m-km

(not more than I km)

Data Processing
Workflows

Standard Photogrammetric Workflow

No standard workflows

Salient Feature

Better control over the output image
quality

5.1.3 Principles of photographic surveying

High temporal accuracy with
real time applications

The principle of photographic surveying is based on capturing overlapping photographs of a subject
from.different positions. These overlapping images allow for stereoscopic vision, which provides
depth perception and enables the creation of 3D models. By identifying control points within the
images, surveyors can scale and orient the photographs to produce accurate maps and

measurements.
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Fill in the blank: Photographic surveying relies on overlapping photographs to create vision,
which provides depth perception.

Box 5.1: Principles of photographic surveying

Core Principles of Photographic Surveying (Photogrammetry)

1. Perspective Projection 9 2. Stereosopic Paralax @@

Camera 1 Camera 2

Camera Lens
(Perspective Center) @

(3D Building)
Image Plane Parallax (p)
Distance is inversely proportional to
Paralax: D- D <« 1/p
3. Overlap for Continuity X 4. Ground Control Points (GCPs K(Y)
I

Ground Control Point
with Known X)Y,Z

" X
X

60% Longitouinal Overlap

Ground Control Point (GCP)
with Known X,Y,Z

T

20-30% Lateral Overlap

Key Components Summary
Focal Length (f §tciedl ongtiy Resose floorfents) 2,000

Principal Point Nadir Point Nedir Point 2.000
Flight Altiaude (H) Fuloa Alte:tin) Reptss df ontauls) 2.000 om

Pilot questions 5.1
1. Define photogrammetry in surveying.
2.. Whatis the scope of photogrammetry?
3. When did photogrammetry first begin to be used for mapping?
4. How did aviation contribute to the development of photogrammetry?

5. State the principle on which photographic surveying is based.
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5.2 Types Of Photogrammetry
5.2.1 Terrestrial photogrammetry

Terrestrial photogrammetry involves taking photographs from ground-based stations. It _is
commonly used for architectural surveys, engineering structures, and small-scale mapping.

Fillin the blank: Terrestrial photogrammetry involves taking photographs from stations.

Image showing surveyors using a ground-based camera for photogrammetry. Plate 5.2: Terrestrial
photogrammetry in practice

 REESESEAS
5.2.2 Aerial photogrammetry

Aerial photogrammetry uses photographs taken from aircraft or drones. It is widely used for
topographic mapping, land-use planning, and environmental monitoring.
Fillinthe blank: Aerial photogrammetry uses photographs taken from or drones.

Diagram showing aerial photogrammetry with overlapping flight paths.

Figure 5.2: Aerial photogrammetry flight paths:
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Aerial Photgrammetry:
Olveaping Flight Paths for 3D Mapping

7 Upe in avaraping to create
A 3D Stereo-Models & Topographic Data Oa

vantages of digital photogrammetry
processing.
igher accuracy.

3. Easyintegration with GIS.
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Advantages in Digital Photogrammetry @3

E‘a Image Matching °:.'°°:°'°
PO

e Point Cloud Generation ® Sub-pixel Measurement

Q = Q &

Elimination of Human Error * Real-time o Rapid Data Distribution
Processing

3. Speed and Efficiency

==X~
No Physical Media © Scalability

Summary Table: Digital vs. Analog

Feature | Analog Photogrannetry Digital Photogramnetry Digital Photogrannetry

Media Glass plates or Digital sensors 3D Models, Orthoftts,
physical film (CMOS/CCD) GIS and DEM's
Processing Manual/Mechanical Difficult; requires digitizing Algoraphic/Automated

Pilot questions 5.2
1. Whatis terrestrial photogrammetry?
2./ Where is aerial photogrammetry commonly applied?
3. What is the main advantage of digital photogrammetry?
4. Why are overlapping flight paths important in aerial photogrammetry?

5./ State one application of terrestrial photogrammetry.
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5.3 Photogrammetric Processes And Techniques

5.3.1 Image acquisition and control points

Image acquisition involves capturing photographs with sufficient overlap to allow stereoscopic

vision. Control points are identifiable features on the ground with known coordinates, used to scale
and orient images accurately.

Fillin the blank: Control points are identifiable features on the ground with known
Diagram showing control points used in photogrammetry.

Figure 5.3: Control points in photogrammetry Al prompt suggestion:

OER
Photogramentry: Tying Images to FEy

Reality with Control Points

1. Field Measurement of GCPs 2. Image Orientation and Scaling

Digital Image with GCPsldentified

p Ground Control Point
roun ontrol Foin
§ (GCP) Target

[ [
High-Accurecy
¢ GPS Receiver

Measured Image Point
— Tied to Real-World
Coordinates (X,Y,Z)

Process: Images are warped, scaled, and oriented to match the )
known positions of the GCPs, | ing the accurat 3D model. i
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5.3.2 Stereoscopic vision and 3D model generation

Stereoscopic vision is achieved by viewing overlapping photographs through a stereoscope, which
provides depth perception. This principle allows surveyors to generate accurate 3D models of
terrain and structures.

Fillin the blank: Stereoscopic vision provides perception, enabling the creation of 3D.models.

Image of a stereoscope used in photogrammetry.

Plate 5.3: Stereoscope for stereoscopic vision

5.3.3 Data processing and interpretation

Photogrammetric data is processed using software that extracts coordinates, generates digital
elevation models, 'and produces maps. Interpretation involves analysing these outputs for
engineering or environmental applications.

Fillin the blank: Photogrammetric data is processed to generate digital___models and maps.
Box'5.3: Outputs of photogrammetric data processing

1. Digital elevation models.

2. Contour maps.

3. 3D terrain models.

-
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Outputs of Photogranmetric Data Processing G

@ 1. Orthophoto (Orthomosaic)
.v" 1 ‘-‘ V AA:‘

L.
e

Uniform scale; removes
titi/terrain distortion

Raw Aerial Photo
Coherrione

[2.] Digital Elevation Models (DEM/DTM/DSM)

DSM ., A
e 3D Point Clouds (Digital Terrain Mode)
DSM (Digital Surface Model DSM: includes all features.

DTM: bare earth
o Contour Maps

"\ Dense 3D Point Cloud
(XY,Z, RGB data)

Millions of precise 33 points Lines of equal elevation

Summary Table: Output Comparison | Format Primary Characteristic

Orthomosaic GeoTIFF LAS/PLY | DEM Raw 3=based height data
Point Cloud DEM Raster .OBJ/FBX | 3Mesh Textured surface model

OER

Pilot questions 5.3

1. Whatis image acquisition in photogrammetry?

2. Why are control'points.important?

3. How is stereoscopic vision achieved?

4. Whatisthe purpose of 3D model generation?

5. Name two outputs of photogrammetric data processing.
5.4 Applications Of Photogrammetry In Engineering And Mapping
5.4.1 Topographic mapping and land surveys

Photogrammetry is widely used to produce topographic maps and conduct land surveys. It provides
detailed information about terrain features and land use.

Fill in the blank: Photogrammetry is widely used to produce maps and conduct land surveys.
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5.4.2 Construction and infrastructure monitoring

Photogrammetry supports construction projects by monitoring progress, detecting structural
changes, and estimating earthwork volumes. It ensures accuracy and efficiency in project
management.

Fillin the blank: Photogrammetry supports construction projects by monitoring and detecting
structural changes.

Image of construction site monitoring using drone-based photogrammetry... Plate . 5.4:
Photogrammetry in construction monitoring

5.4.3 Integration with GIS and remote sensing

Photogrammetry integrates with GIS (Geographic Information Systems) and remote sensing to
provide spatial data for analysis and decision-making. This integration enhances applications in
urban planning, environmental monitoring, and disaster management.

Fill in.the blank: Photogrammetry integrates with GIS and
analysis.

sensing to provide spatial data for

Box 5.4: Applications of photogrammetry integration
1. Urban planning.
2. Environmental monitoring.

3. Disaster management.
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Applications of Photogrametry, GIS & Remote Sensing Integration

@ Precision Agriculture & Forestry Urban Planning & Digital Twins

Crop Health
Monitoring (NDVI)

Forest Inventory

Forest Inventory
(3D/Biomas)

Smart City Development
Utility Management
(Spaial Database)

Disaster Management & Response Enwronmental & Coastal Monitoring

Time 1 Time 2

W

Habltat Mapping
(Mulisglectal/3D)

(3D/Biomais)

Tine 2

- N L

Pre-Disaster DTM Flood Inunation Model
(3D Simulation)
GIS oyelsay of GI3 pelle-

quantting destruction

Erosion Tracklng

Summary Table: Integration Workflow

Technology

Role in the Workflow

Primary Contribution

Photogrametry

High-accuracy 33 geometry

Analysis & Management

Remote Sensting

Spectral information

Analysis & Management

Pilot questions 5.4
1. Howisphotogrammetry applied in topographic mapping?
2. Whatroledoes photogrammetry play in construction monitoring?
3. Give one example of photogrammetry in infrastructure projects.
4. Why is integration with GIS important?

5. State two applications of photogrammetry in environmental monitoring.

Series summary

In this Series, we explored photogrammetry as a modern surveying technique that derives
measurements and spatial data from photographs. We began with the fundamentals, defining
photogrammetry, tracing its historical development, and explaining the principles of photographic
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surveying. We then examined the types of photogrammetry, distinguishing between terrestrial,
aerial, and digital approaches. Following that, we studied photogrammetric processes and
techniques, including image acquisition, the use of control points, stereoscopic vision, and data
processing. Finally, we discussed applications of photogrammetry in engineering and mapping,
such as topographic surveys, construction monitoring, and integration with GIS and remote sensing.
This Series equips learners with both conceptual knowledge and practical skills for applying
photogrammetry in modern surveying and engineering projects.

Glossary of terms

e Photogrammetry: The science of obtaining reliable measurements and spatial data from
photographs.

e Terrestrial photogrammetry: Photogrammetry conducted from ground-based stations.
o Aerial photogrammetry: Photogrammetry using photographs taken fromaircraft or drones.

o Digital photogrammetry: Photogrammetry that uses digital images and specialised
software for processing.

o Photographic surveying: The process of capturing overlapping photographs to generate
maps and models.

e Stereoscopic vision: Depth perception achieved by viewing overlapping photographs,
enabling 3D model generation.

e Control points: Ground features with known coordinates used to scale and orient
photogrammetric images.

¢ Tacheometer: A modified theodolite fitted with stadia hairs, sometimes used in
photogrammetry.

o Digital elevation model (DEM): A 3D representation of terrain generated from
photogrammetric data.

e GIS (Geographic Information Systems): Systems that manage and analyse spatial data,
often integrated with photogrammetry.

Concept check questions 5
Upon completing this Series, you should be able to answer the following questions:
1." (Linked to SLO 5.1) Define photogrammetry and explain its scope.
2. (Linked to SLO 5.2) Explain the historical development of photogrammetry.
3. (Linked to SLO 5.3) Describe the principles of photographic surveying.
4. (Linked to SLO 5.4) Distinguish between terrestrial, aerial, and digital photogrammetry.
5. (Linked to SLO 5.5) Demonstrate how images are acquired and control points established.
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6. (Linked to SLO 5.6) Explain stereoscopic vision and its role in 3D model generation.
7. (Linkedto SLO 5.7) Apply photogrammetric techniques to process and interpret spatial data.
8. (Linked to SLO 5.8) Analyse the use of photogrammetry in topographic mapping.
9. (Linked to SLO 5.9) Evaluate photogrammetry in construction and infrastructure monitoring.
10. (Linked to SLO 5.10) Assess how photogrammetry integrates with GIS and remote sensing.
Answers to pilot questions 5
Pilot questions 5.1
1. Photogrammetry is the science of obtaining measurements from photographs.
2. lIts scope includes mapping, engineering surveys, and environmental monitoring.
3. Photogrammetry began in the mid-19th century.
4. Aviation enabled aerial photogrammetry for large-scale mapping.
5. Photographic surveying is based on overlapping photographs and stereoscopic vision.
Pilot questions 5.2
1. Terrestrial photogrammetry uses ground-based photographs.
2. Aerial photogrammetry is applied intopographic mapping and land-use planning.
3. Digital photogrammetry offers faster processing and integration with GIS.
4. Overlapping flight paths ensure stereoscopic coverage.
5. Terrestrial photogrammetry is used in architectural surveys.
Pilot questions 5.3
1. Image acquisition involves capturing overlapping photographs.
2. Control points provide scaling and orientation.
3. Stereoscopic vision is achieved by viewing overlapping images.
4. 3D model generation provides accurate terrain representation.
5." Outputs include digital elevation models and contour maps.
Pilot questions 5.4
1. Photogrammetry produces topographic maps and land surveys.
2. It monitors construction progress and detects structural changes.
3. Infrastructure projects such as bridges use photogrammetry.
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4. Integration with GIS enhances spatial analysis.
5. Applications include urban planning and environmental monitoring.
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