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Optical Imaging (Aerial Photography)

You can find out more about Ordnance Survey Ireland 
at www.osi.ie and www.sta.ie

The accuracy improves as more signals are processed. 

Real Time Kinematic (RTK) combines signals from a ground-based 
station with those of the GPS and computes positions to a resolution of 
about 2 cm relative to the base station. If the base station position is 
known precisely then the position of the mobile unit can be computed 
accurately.

LIDAR (Light Detection and Ranging)
Laser light pulses can be used to construct virtual maps. The scene is 
scanned from a plane by a rotating laser source; the time for the reflected 
light to return is used to compute distances. The downward angle of the 
beam can be also be varied and this permits the construction of three-
dimensional images. Airborne altimetric LIDAR is used to measure the 
topography of the terrain; the vertical resolution is of the order of 10–15 
cm. In forested areas LIDAR can penetrate the canopy and provided 
information about the surface. It can also penetrate water to depths of 
70 m, using a different Laser for water depending on the clarity, and so 
can be used to generate profiles of rivers or lakes.

Combining data
By combining data from different technologies photo-realistic virtual 
three-dimensional maps of geographic features can be generated. 
These computer-generated models can be rotated and viewed from 
different perspectives. They can also be used to make further 
measurements and to generate stereoscopic images. 

MPiA 
A development of LIDAR known as MPiA (Multiple Pulses in Air) almost 
doubles the laser scanning resolution by sending a pulse before the 
previous one has returned. It can be operated at heights of between 200 
m and 5000 m. 

distance. Images of white objects appear to have red or blue fringes. 
This phenomenon is called chromatic aberration. It can be partially 
overcome by using complex combinations of lenses made of different 
kinds of glass; such a combination is called an achromatic doublet.

The camera
In a camera the lens projects 
an image onto a photographic 
film or a sensor plate. In the 
case of digital cameras the 
resolution is limited by the 
pixel density on the sensor 
(CCD: charge-coupled device) 
this may be greater than 50 
megapixel per image.

The picture (Fig. 3) shows a 
digital sensor (‘camera’) 
installation in an aeroplane. 
The main components are 
the control unit (C), the 
sensor head (S) and the 
operator interface (O). The 
control unit includes a 
computer, GPS electronics 
and data storage. The sensor 
unit includes the IMU (Inertial 
Measurement Unit) which 
measures acceleration and 
orientation, the digital sensor 
and the lens housing (optics).
The operator interface is a 
high resolution computer 
display unit.  The lens 
housing extends below the 
floor to the outside. The 
spectral range of the sensor 
is 420-900 nm; this covers 
most of the visible spectrum 
(380-750 nm) and extends 
into the infrared region. 

Stereoscopic images
Having two eyes enables us to perceive relative distance; the greater the 
distance between the eyes the greater the difference between the views of 
each eye. Stereoscopic cameras are basically pairs of cameras that operate 
in a synchronised way. Pairs of images are produced and when they are 
viewed in a suitable viewing device the perception of depth is produced.

GPS 
The US Department of Defence established the Global Positioning System 
(GPS) and in 1983 wider access was permitted. (A European alternative, 
called Galileo Positioning System, is in production.) There are over twenty 
GPS satellites and each one transmits a radio signal (in the microwave band 
– at about 1.5 GHz) giving the precise time of transmission and the satellite’s 
own position. These signals, travelling at the speed of light, take time to 
reach the ground. The GPS receiver measures the time delay (to the nearest 
100 ns) and computes the distance to the satellite. Using the distance and 
position of three or more satellites the GPS receiver can calculate its own 
position to the nearest 30 m – i.e. the distance light travels in 100 ns. 

In the 1820s–1830s different systems of photography were 
invented. In 1858 Gasper Felix Tournachon took aerial 
photographs of Paris from a balloon. In 1889 Arthur Batut 
was the first to use a kite for photography and not long after 
the development of powered flight aeroplanes were similarly 
used (1908).

There have been many developments in aerial imaging over 
the last hundred and fifty years including stereoscopy, colour 
photography, tele-photo lenses, auto-focus, auto-exposure, 
infrared, laser, digital imaging, radar and GPS. In this lesson 
we will look at the principles of optical imaging and how they 
are applied in surveying.

Images formed by lenses

If you look closely at a hanging drop of water you may observe in it a small 
inverted image of the surroundings. A sphere of glass produces the effect 
more strikingly. A convex lens, which can be considered to be a slice of a 
sphere, can be used to form images on a flat surface such as a wall or a 
screen; this would more correctly be called a plano-convex lens. 

If a magnifying glass is held some distance from a smooth white wall an 
inverted image of the surroundings will be projected onto the wall. The 
distance at which this happens depends mainly on the curvature of the 
lens but also on the distance to objects in the vicinity. Objects at different 
distances from the lens cannot be ‘in focus’ at the same time. The minimum 
distance at which an image can be formed is called the focal length of the 
lens; this occurs when the object being imaged is far away (‘at infinity’).

Colour errors
When white light passes through a prism or a lens the different colour 
components deviate different amounts; red is bent least and violet is 
bent most. As a result it is not possible to focus all colours at the same 

Ordnance Survey Ireland (OSI) is the national mapping agency 
of the Republic of Ireland. Our primary product is mapping 
services. We produce a very comprehensive range of urban, 
rural, tourist and leisure maps at a variety of scales. These maps 
are produced in digital form as well as on paper. The base data 
used to create the map series is also used to produce other 
products such as aerial photography and digital terrain models.

Our products and information about them is available on-line  at 
www.osi.ie, or are available directly from our shop (+353 (1) 
8025300) at our HQ in the Phoenix Park (near Castleknock 
Gate), our website, and through our national agency network 
distributed throughout the country.

Our customer base spans all sectors of society. It includes many 
individual members of the Irish public, tourists, schools, the 
construction industry, architects, engineers, property and legal 
firms, Government Departments and local authorities.

Our invoiced sales last year were € 24.1 million so there is likely 
to be something in our product range to interest you. The public 
customer; business and leisure; and educational sections of our 
website provide detailed information on our specific products, 
prices and uses. Feel free to browse these sections at your 
leisure.

We use the most up to date technology in our map production. 
This allows us to make products which are state of the art in 
terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
information market.

We also licence the use of our data for a wide range of computer 
based applications such as Computer Aided Design (CAD) and 
Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.

Fig. 1 Inverted images formed by water or glass

Fig. 2 Light from a distant source is focused at one point

Fig. 6 Airborne RTK Mobile RTK 

 Fig. 3 A CCD sensor ‘chip’

Fig. 4 A digital sensor installation

Fig. 5 Typical flight path of survey aircraft

Fig. 7 An image generated from LIDAR data
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terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
information market.

We also licence the use of our data for a wide range of computer 
based applications such as Computer Aided Design (CAD) and 
Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.
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The accuracy improves as more signals are processed. 

Real Time Kinematic (RTK) combines signals from a ground-based 
station with those of the GPS and computes positions to a resolution of 
about 2 cm relative to the base station. If the base station position is 
known precisely then the position of the mobile unit can be computed 
accurately.

LIDAR (Light Detection and Ranging)
Laser light pulses can be used to construct virtual maps. The scene is 
scanned from a plane by a rotating laser source; the time for the reflected 
light to return is used to compute distances. The downward angle of the 
beam can be also be varied and this permits the construction of three-
dimensional images. Airborne altimetric LIDAR is used to measure the 
topography of the terrain; the vertical resolution is of the order of 10–15 
cm. In forested areas LIDAR can penetrate the canopy and provided 
information about the surface. It can also penetrate water to depths of 
70 m, using a different Laser for water depending on the clarity, and so 
can be used to generate profiles of rivers or lakes.

Combining data
By combining data from different technologies photo-realistic virtual 
three-dimensional maps of geographic features can be generated. 
These computer-generated models can be rotated and viewed from 
different perspectives. They can also be used to make further 
measurements and to generate stereoscopic images. 

MPiA 
A development of LIDAR known as MPiA (Multiple Pulses in Air) almost 
doubles the laser scanning resolution by sending a pulse before the 
previous one has returned. It can be operated at heights of between 200 
m and 5000 m. 

distance. Images of white objects appear to have red or blue fringes. 
This phenomenon is called chromatic aberration. It can be partially 
overcome by using complex combinations of lenses made of different 
kinds of glass; such a combination is called an achromatic doublet.

The camera
In a camera the lens projects 
an image onto a photographic 
film or a sensor plate. In the 
case of digital cameras the 
resolution is limited by the 
pixel density on the sensor 
(CCD: charge-coupled device) 
this may be greater than 50 
megapixel per image.

The picture (Fig. 3) shows a 
digital sensor (‘camera’) 
installation in an aeroplane. 
The main components are 
the control unit (C), the 
sensor head (S) and the 
operator interface (O). The 
control unit includes a 
computer, GPS electronics 
and data storage. The sensor 
unit includes the IMU (Inertial 
Measurement Unit) which 
measures acceleration and 
orientation, the digital sensor 
and the lens housing (optics).
The operator interface is a 
high resolution computer 
display unit.  The lens 
housing extends below the 
floor to the outside. The 
spectral range of the sensor 
is 420-900 nm; this covers 
most of the visible spectrum 
(380-750 nm) and extends 
into the infrared region. 

Stereoscopic images
Having two eyes enables us to perceive relative distance; the greater the 
distance between the eyes the greater the difference between the views of 
each eye. Stereoscopic cameras are basically pairs of cameras that operate 
in a synchronised way. Pairs of images are produced and when they are 
viewed in a suitable viewing device the perception of depth is produced.

GPS 
The US Department of Defence established the Global Positioning System 
(GPS) and in 1983 wider access was permitted. (A European alternative, 
called Galileo Positioning System, is in production.) There are over twenty 
GPS satellites and each one transmits a radio signal (in the microwave band 
– at about 1.5 GHz) giving the precise time of transmission and the satellite’s 
own position. These signals, travelling at the speed of light, take time to 
reach the ground. The GPS receiver measures the time delay (to the nearest 
100 ns) and computes the distance to the satellite. Using the distance and 
position of three or more satellites the GPS receiver can calculate its own 
position to the nearest 30 m – i.e. the distance light travels in 100 ns. 

In the 1820s–1830s different systems of photography were 
invented. In 1858 Gasper Felix Tournachon took aerial 
photographs of Paris from a balloon. In 1889 Arthur Batut 
was the first to use a kite for photography and not long after 
the development of powered flight aeroplanes were similarly 
used (1908).

There have been many developments in aerial imaging over 
the last hundred and fifty years including stereoscopy, colour 
photography, tele-photo lenses, auto-focus, auto-exposure, 
infrared, laser, digital imaging, radar and GPS. In this lesson 
we will look at the principles of optical imaging and how they 
are applied in surveying.

Images formed by lenses

If you look closely at a hanging drop of water you may observe in it a small 
inverted image of the surroundings. A sphere of glass produces the effect 
more strikingly. A convex lens, which can be considered to be a slice of a 
sphere, can be used to form images on a flat surface such as a wall or a 
screen; this would more correctly be called a plano-convex lens. 

If a magnifying glass is held some distance from a smooth white wall an 
inverted image of the surroundings will be projected onto the wall. The 
distance at which this happens depends mainly on the curvature of the 
lens but also on the distance to objects in the vicinity. Objects at different 
distances from the lens cannot be ‘in focus’ at the same time. The minimum 
distance at which an image can be formed is called the focal length of the 
lens; this occurs when the object being imaged is far away (‘at infinity’).

Colour errors
When white light passes through a prism or a lens the different colour 
components deviate different amounts; red is bent least and violet is 
bent most. As a result it is not possible to focus all colours at the same 
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services. We produce a very comprehensive range of urban, 
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are produced in digital form as well as on paper. The base data 
used to create the map series is also used to produce other 
products such as aerial photography and digital terrain models.

Our products and information about them is available on-line  at 
www.osi.ie, or are available directly from our shop (+353 (1) 
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Gate), our website, and through our national agency network 
distributed throughout the country.

Our customer base spans all sectors of society. It includes many 
individual members of the Irish public, tourists, schools, the 
construction industry, architects, engineers, property and legal 
firms, Government Departments and local authorities.

Our invoiced sales last year were € 24.1 million so there is likely 
to be something in our product range to interest you. The public 
customer; business and leisure; and educational sections of our 
website provide detailed information on our specific products, 
prices and uses. Feel free to browse these sections at your 
leisure.

We use the most up to date technology in our map production. 
This allows us to make products which are state of the art in 
terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
information market.

We also licence the use of our data for a wide range of computer 
based applications such as Computer Aided Design (CAD) and 
Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.
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The accuracy improves as more signals are processed. 

Real Time Kinematic (RTK) combines signals from a ground-based 
station with those of the GPS and computes positions to a resolution of 
about 2 cm relative to the base station. If the base station position is 
known precisely then the position of the mobile unit can be computed 
accurately.

LIDAR (Light Detection and Ranging)
Laser light pulses can be used to construct virtual maps. The scene is 
scanned from a plane by a rotating laser source; the time for the reflected 
light to return is used to compute distances. The downward angle of the 
beam can be also be varied and this permits the construction of three-
dimensional images. Airborne altimetric LIDAR is used to measure the 
topography of the terrain; the vertical resolution is of the order of 10–15 
cm. In forested areas LIDAR can penetrate the canopy and provided 
information about the surface. It can also penetrate water to depths of 
70 m, using a different Laser for water depending on the clarity, and so 
can be used to generate profiles of rivers or lakes.

Combining data
By combining data from different technologies photo-realistic virtual 
three-dimensional maps of geographic features can be generated. 
These computer-generated models can be rotated and viewed from 
different perspectives. They can also be used to make further 
measurements and to generate stereoscopic images. 

MPiA 
A development of LIDAR known as MPiA (Multiple Pulses in Air) almost 
doubles the laser scanning resolution by sending a pulse before the 
previous one has returned. It can be operated at heights of between 200 
m and 5000 m. 

distance. Images of white objects appear to have red or blue fringes. 
This phenomenon is called chromatic aberration. It can be partially 
overcome by using complex combinations of lenses made of different 
kinds of glass; such a combination is called an achromatic doublet.

The camera
In a camera the lens projects 
an image onto a photographic 
film or a sensor plate. In the 
case of digital cameras the 
resolution is limited by the 
pixel density on the sensor 
(CCD: charge-coupled device) 
this may be greater than 50 
megapixel per image.

The picture (Fig. 3) shows a 
digital sensor (‘camera’) 
installation in an aeroplane. 
The main components are 
the control unit (C), the 
sensor head (S) and the 
operator interface (O). The 
control unit includes a 
computer, GPS electronics 
and data storage. The sensor 
unit includes the IMU (Inertial 
Measurement Unit) which 
measures acceleration and 
orientation, the digital sensor 
and the lens housing (optics).
The operator interface is a 
high resolution computer 
display unit.  The lens 
housing extends below the 
floor to the outside. The 
spectral range of the sensor 
is 420-900 nm; this covers 
most of the visible spectrum 
(380-750 nm) and extends 
into the infrared region. 

Stereoscopic images
Having two eyes enables us to perceive relative distance; the greater the 
distance between the eyes the greater the difference between the views of 
each eye. Stereoscopic cameras are basically pairs of cameras that operate 
in a synchronised way. Pairs of images are produced and when they are 
viewed in a suitable viewing device the perception of depth is produced.

GPS 
The US Department of Defence established the Global Positioning System 
(GPS) and in 1983 wider access was permitted. (A European alternative, 
called Galileo Positioning System, is in production.) There are over twenty 
GPS satellites and each one transmits a radio signal (in the microwave band 
– at about 1.5 GHz) giving the precise time of transmission and the satellite’s 
own position. These signals, travelling at the speed of light, take time to 
reach the ground. The GPS receiver measures the time delay (to the nearest 
100 ns) and computes the distance to the satellite. Using the distance and 
position of three or more satellites the GPS receiver can calculate its own 
position to the nearest 30 m – i.e. the distance light travels in 100 ns. 

In the 1820s–1830s different systems of photography were 
invented. In 1858 Gasper Felix Tournachon took aerial 
photographs of Paris from a balloon. In 1889 Arthur Batut 
was the first to use a kite for photography and not long after 
the development of powered flight aeroplanes were similarly 
used (1908).

There have been many developments in aerial imaging over 
the last hundred and fifty years including stereoscopy, colour 
photography, tele-photo lenses, auto-focus, auto-exposure, 
infrared, laser, digital imaging, radar and GPS. In this lesson 
we will look at the principles of optical imaging and how they 
are applied in surveying.

Images formed by lenses

If you look closely at a hanging drop of water you may observe in it a small 
inverted image of the surroundings. A sphere of glass produces the effect 
more strikingly. A convex lens, which can be considered to be a slice of a 
sphere, can be used to form images on a flat surface such as a wall or a 
screen; this would more correctly be called a plano-convex lens. 

If a magnifying glass is held some distance from a smooth white wall an 
inverted image of the surroundings will be projected onto the wall. The 
distance at which this happens depends mainly on the curvature of the 
lens but also on the distance to objects in the vicinity. Objects at different 
distances from the lens cannot be ‘in focus’ at the same time. The minimum 
distance at which an image can be formed is called the focal length of the 
lens; this occurs when the object being imaged is far away (‘at infinity’).

Colour errors
When white light passes through a prism or a lens the different colour 
components deviate different amounts; red is bent least and violet is 
bent most. As a result it is not possible to focus all colours at the same 
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used to create the map series is also used to produce other 
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distributed throughout the country.
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to be something in our product range to interest you. The public 
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website provide detailed information on our specific products, 
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We use the most up to date technology in our map production. 
This allows us to make products which are state of the art in 
terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
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We also licence the use of our data for a wide range of computer 
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Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.
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The accuracy improves as more signals are processed. 

Real Time Kinematic (RTK) combines signals from a ground-based 
station with those of the GPS and computes positions to a resolution of 
about 2 cm relative to the base station. If the base station position is 
known precisely then the position of the mobile unit can be computed 
accurately.

LIDAR (Light Detection and Ranging)
Laser light pulses can be used to construct virtual maps. The scene is 
scanned from a plane by a rotating laser source; the time for the reflected 
light to return is used to compute distances. The downward angle of the 
beam can be also be varied and this permits the construction of three-
dimensional images. Airborne altimetric LIDAR is used to measure the 
topography of the terrain; the vertical resolution is of the order of 10–15 
cm. In forested areas LIDAR can penetrate the canopy and provided 
information about the surface. It can also penetrate water to depths of 
70 m, using a different Laser for water depending on the clarity, and so 
can be used to generate profiles of rivers or lakes.

Combining data
By combining data from different technologies photo-realistic virtual 
three-dimensional maps of geographic features can be generated. 
These computer-generated models can be rotated and viewed from 
different perspectives. They can also be used to make further 
measurements and to generate stereoscopic images. 

MPiA 
A development of LIDAR known as MPiA (Multiple Pulses in Air) almost 
doubles the laser scanning resolution by sending a pulse before the 
previous one has returned. It can be operated at heights of between 200 
m and 5000 m. 

distance. Images of white objects appear to have red or blue fringes. 
This phenomenon is called chromatic aberration. It can be partially 
overcome by using complex combinations of lenses made of different 
kinds of glass; such a combination is called an achromatic doublet.

The camera
In a camera the lens projects 
an image onto a photographic 
film or a sensor plate. In the 
case of digital cameras the 
resolution is limited by the 
pixel density on the sensor 
(CCD: charge-coupled device) 
this may be greater than 50 
megapixel per image.

The picture (Fig. 3) shows a 
digital sensor (‘camera’) 
installation in an aeroplane. 
The main components are 
the control unit (C), the 
sensor head (S) and the 
operator interface (O). The 
control unit includes a 
computer, GPS electronics 
and data storage. The sensor 
unit includes the IMU (Inertial 
Measurement Unit) which 
measures acceleration and 
orientation, the digital sensor 
and the lens housing (optics).
The operator interface is a 
high resolution computer 
display unit.  The lens 
housing extends below the 
floor to the outside. The 
spectral range of the sensor 
is 420-900 nm; this covers 
most of the visible spectrum 
(380-750 nm) and extends 
into the infrared region. 

Stereoscopic images
Having two eyes enables us to perceive relative distance; the greater the 
distance between the eyes the greater the difference between the views of 
each eye. Stereoscopic cameras are basically pairs of cameras that operate 
in a synchronised way. Pairs of images are produced and when they are 
viewed in a suitable viewing device the perception of depth is produced.

GPS 
The US Department of Defence established the Global Positioning System 
(GPS) and in 1983 wider access was permitted. (A European alternative, 
called Galileo Positioning System, is in production.) There are over twenty 
GPS satellites and each one transmits a radio signal (in the microwave band 
– at about 1.5 GHz) giving the precise time of transmission and the satellite’s 
own position. These signals, travelling at the speed of light, take time to 
reach the ground. The GPS receiver measures the time delay (to the nearest 
100 ns) and computes the distance to the satellite. Using the distance and 
position of three or more satellites the GPS receiver can calculate its own 
position to the nearest 30 m – i.e. the distance light travels in 100 ns. 

In the 1820s–1830s different systems of photography were 
invented. In 1858 Gasper Felix Tournachon took aerial 
photographs of Paris from a balloon. In 1889 Arthur Batut 
was the first to use a kite for photography and not long after 
the development of powered flight aeroplanes were similarly 
used (1908).

There have been many developments in aerial imaging over 
the last hundred and fifty years including stereoscopy, colour 
photography, tele-photo lenses, auto-focus, auto-exposure, 
infrared, laser, digital imaging, radar and GPS. In this lesson 
we will look at the principles of optical imaging and how they 
are applied in surveying.

Images formed by lenses

If you look closely at a hanging drop of water you may observe in it a small 
inverted image of the surroundings. A sphere of glass produces the effect 
more strikingly. A convex lens, which can be considered to be a slice of a 
sphere, can be used to form images on a flat surface such as a wall or a 
screen; this would more correctly be called a plano-convex lens. 

If a magnifying glass is held some distance from a smooth white wall an 
inverted image of the surroundings will be projected onto the wall. The 
distance at which this happens depends mainly on the curvature of the 
lens but also on the distance to objects in the vicinity. Objects at different 
distances from the lens cannot be ‘in focus’ at the same time. The minimum 
distance at which an image can be formed is called the focal length of the 
lens; this occurs when the object being imaged is far away (‘at infinity’).

Colour errors
When white light passes through a prism or a lens the different colour 
components deviate different amounts; red is bent least and violet is 
bent most. As a result it is not possible to focus all colours at the same 

Ordnance Survey Ireland (OSI) is the national mapping agency 
of the Republic of Ireland. Our primary product is mapping 
services. We produce a very comprehensive range of urban, 
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are produced in digital form as well as on paper. The base data 
used to create the map series is also used to produce other 
products such as aerial photography and digital terrain models.

Our products and information about them is available on-line  at 
www.osi.ie, or are available directly from our shop (+353 (1) 
8025300) at our HQ in the Phoenix Park (near Castleknock 
Gate), our website, and through our national agency network 
distributed throughout the country.

Our customer base spans all sectors of society. It includes many 
individual members of the Irish public, tourists, schools, the 
construction industry, architects, engineers, property and legal 
firms, Government Departments and local authorities.

Our invoiced sales last year were € 24.1 million so there is likely 
to be something in our product range to interest you. The public 
customer; business and leisure; and educational sections of our 
website provide detailed information on our specific products, 
prices and uses. Feel free to browse these sections at your 
leisure.

We use the most up to date technology in our map production. 
This allows us to make products which are state of the art in 
terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
information market.

We also licence the use of our data for a wide range of computer 
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Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.
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The accuracy improves as more signals are processed. 

Real Time Kinematic (RTK) combines signals from a ground-based 
station with those of the GPS and computes positions to a resolution of 
about 2 cm relative to the base station. If the base station position is 
known precisely then the position of the mobile unit can be computed 
accurately.

LIDAR (Light Detection and Ranging)
Laser light pulses can be used to construct virtual maps. The scene is 
scanned from a plane by a rotating laser source; the time for the reflected 
light to return is used to compute distances. The downward angle of the 
beam can be also be varied and this permits the construction of three-
dimensional images. Airborne altimetric LIDAR is used to measure the 
topography of the terrain; the vertical resolution is of the order of 10–15 
cm. In forested areas LIDAR can penetrate the canopy and provided 
information about the surface. It can also penetrate water to depths of 
70 m, using a different Laser for water depending on the clarity, and so 
can be used to generate profiles of rivers or lakes.

Combining data
By combining data from different technologies photo-realistic virtual 
three-dimensional maps of geographic features can be generated. 
These computer-generated models can be rotated and viewed from 
different perspectives. They can also be used to make further 
measurements and to generate stereoscopic images. 

MPiA 
A development of LIDAR known as MPiA (Multiple Pulses in Air) almost 
doubles the laser scanning resolution by sending a pulse before the 
previous one has returned. It can be operated at heights of between 200 
m and 5000 m. 

distance. Images of white objects appear to have red or blue fringes. 
This phenomenon is called chromatic aberration. It can be partially 
overcome by using complex combinations of lenses made of different 
kinds of glass; such a combination is called an achromatic doublet.

The camera
In a camera the lens projects 
an image onto a photographic 
film or a sensor plate. In the 
case of digital cameras the 
resolution is limited by the 
pixel density on the sensor 
(CCD: charge-coupled device) 
this may be greater than 50 
megapixel per image.

The picture (Fig. 3) shows a 
digital sensor (‘camera’) 
installation in an aeroplane. 
The main components are 
the control unit (C), the 
sensor head (S) and the 
operator interface (O). The 
control unit includes a 
computer, GPS electronics 
and data storage. The sensor 
unit includes the IMU (Inertial 
Measurement Unit) which 
measures acceleration and 
orientation, the digital sensor 
and the lens housing (optics).
The operator interface is a 
high resolution computer 
display unit.  The lens 
housing extends below the 
floor to the outside. The 
spectral range of the sensor 
is 420-900 nm; this covers 
most of the visible spectrum 
(380-750 nm) and extends 
into the infrared region. 

Stereoscopic images
Having two eyes enables us to perceive relative distance; the greater the 
distance between the eyes the greater the difference between the views of 
each eye. Stereoscopic cameras are basically pairs of cameras that operate 
in a synchronised way. Pairs of images are produced and when they are 
viewed in a suitable viewing device the perception of depth is produced.

GPS 
The US Department of Defence established the Global Positioning System 
(GPS) and in 1983 wider access was permitted. (A European alternative, 
called Galileo Positioning System, is in production.) There are over twenty 
GPS satellites and each one transmits a radio signal (in the microwave band 
– at about 1.5 GHz) giving the precise time of transmission and the satellite’s 
own position. These signals, travelling at the speed of light, take time to 
reach the ground. The GPS receiver measures the time delay (to the nearest 
100 ns) and computes the distance to the satellite. Using the distance and 
position of three or more satellites the GPS receiver can calculate its own 
position to the nearest 30 m – i.e. the distance light travels in 100 ns. 

In the 1820s–1830s different systems of photography were 
invented. In 1858 Gasper Felix Tournachon took aerial 
photographs of Paris from a balloon. In 1889 Arthur Batut 
was the first to use a kite for photography and not long after 
the development of powered flight aeroplanes were similarly 
used (1908).

There have been many developments in aerial imaging over 
the last hundred and fifty years including stereoscopy, colour 
photography, tele-photo lenses, auto-focus, auto-exposure, 
infrared, laser, digital imaging, radar and GPS. In this lesson 
we will look at the principles of optical imaging and how they 
are applied in surveying.

Images formed by lenses

If you look closely at a hanging drop of water you may observe in it a small 
inverted image of the surroundings. A sphere of glass produces the effect 
more strikingly. A convex lens, which can be considered to be a slice of a 
sphere, can be used to form images on a flat surface such as a wall or a 
screen; this would more correctly be called a plano-convex lens. 

If a magnifying glass is held some distance from a smooth white wall an 
inverted image of the surroundings will be projected onto the wall. The 
distance at which this happens depends mainly on the curvature of the 
lens but also on the distance to objects in the vicinity. Objects at different 
distances from the lens cannot be ‘in focus’ at the same time. The minimum 
distance at which an image can be formed is called the focal length of the 
lens; this occurs when the object being imaged is far away (‘at infinity’).

Colour errors
When white light passes through a prism or a lens the different colour 
components deviate different amounts; red is bent least and violet is 
bent most. As a result it is not possible to focus all colours at the same 

Ordnance Survey Ireland (OSI) is the national mapping agency 
of the Republic of Ireland. Our primary product is mapping 
services. We produce a very comprehensive range of urban, 
rural, tourist and leisure maps at a variety of scales. These maps 
are produced in digital form as well as on paper. The base data 
used to create the map series is also used to produce other 
products such as aerial photography and digital terrain models.

Our products and information about them is available on-line  at 
www.osi.ie, or are available directly from our shop (+353 (1) 
8025300) at our HQ in the Phoenix Park (near Castleknock 
Gate), our website, and through our national agency network 
distributed throughout the country.

Our customer base spans all sectors of society. It includes many 
individual members of the Irish public, tourists, schools, the 
construction industry, architects, engineers, property and legal 
firms, Government Departments and local authorities.

Our invoiced sales last year were € 24.1 million so there is likely 
to be something in our product range to interest you. The public 
customer; business and leisure; and educational sections of our 
website provide detailed information on our specific products, 
prices and uses. Feel free to browse these sections at your 
leisure.

We use the most up to date technology in our map production. 
This allows us to make products which are state of the art in 
terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
information market.

We also licence the use of our data for a wide range of computer 
based applications such as Computer Aided Design (CAD) and 
Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.

Fig. 1 Inverted images formed by water or glass

Fig. 2 Light from a distant source is focused at one point

Fig. 6 Airborne RTK Mobile RTK 

 Fig. 3 A CCD sensor ‘chip’

Fig. 4 A digital sensor installation

Fig. 5 Typical flight path of survey aircraft

Fig. 7 An image generated from LIDAR data

N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

  ACTION SECOND EDITION N
 

I 

D
 

N
 

A
 SCIENCE     TECHNOLOGY 

 ACTION FOURTH EDITION
Optical Imaging (Aerial Photography)

Syllabus Reference
Relevant Syllabus References 

Leaving Certificate Physics
• Lenses: Images formed by single thin lenses.
• Electromagnetic spectrum: Relative positions of radiations in terms 

of wavelength and frequency...
• Infrared camera (applications)

Leaving Certificate Geography
Map and aerial photograph interpretation (pp. 19, 20)

• co-ordinate systems (latitude and longitude) 
• grid references
• scale, distance, and direction
• altitude and slope
• sketch maps
• symbol recognition
• cross-sections
• absolute and relative location using maps and aerial photographs

Geographical information systems – GIS (pp. 19, 20)

• GIS as a specialised investigative tool, can be used to combine 
data sources in the study of particular areas or geographical 
problems. (Topics listed include: aerial photographs, census 
material, satellite images and statistical information)

Learning Outcomes 

• Become familiar with the new developments in aerial imaging

• Know about the principles of optical imaging and how they are 
applied to surveying

• Understand colour errors, stereoscopic images, different types of 
GPS and LIDAR

• Know about combining data from different technologies to create 
computer generated maps 

• LIDAR (Light Detection and Ranging) is used to measure the 
topography of the terrain. It can penetrate the canopy and provide 
information about the surface and also penetrate water generating 
profiles of rivers or lakes.

Leaving Certificate Geography 2007, Part I, Q. 12
Examine the Ordnance Survey map extract below and the profile drawn 
along the trail that is marked in blue on the map. Answer the questions 
that follow.

• What is the height above sea-level at A, the start of the trail? 

• Identify the glacial landform at B. 

• Name the road at C 

• Identify a tourist attraction at D

For further examples of past questions check www.sta.ie

Student Activity
1.  Devise a method for measuring the 

distance to a tree or building without actually going to its location. 
(Hint: mark out a baseline and then use two protractors to measure 
the angle between the baseline and the object, from each end of the 
baseline.)

2 Investigate the formation of images with a lens. How does the size of 
the projected image vary as the distance between the lens and the 
object changes? Is it possible to project an upright image using a 
single  convex lens?

True/False Questions

a) In 1858 Gasper Felix Tournachon took aerial photographs  
of Paris from a small aeroplane. T F

b) Stereoscopic images produce an illusion of three dimensions. T F

c) A convex lens can be used to form an image on a screen  
or on photographic film. T F

d) A simple lens has the same focal length for all colours. T F

e) Global positioning handsets calculate positions by  
measuring the time difference between radio signals from  
a number of satellites. T F

f) The proportion between the sides of a triangle does not  
change if it is magnified. T F

g)  If two triangles have the same angles then their  
corresponding sides are directly proportional to one another. T F

h)  All prisms have triangular ends.  T F 

Check your answers to these questions on www.sta.ie
General Learning Points

• In 1889 Arthur Batut was the first person to use a kite for 
photography

• There have been many new developments in aerial imaging in the last 
150 years such as GPS, digital imaging, radar and tele-photo lenses

• A convex lens can be used to form images on a flat surface. This is 
called a plano-convex lens

• When light shines through a prism the red colour is bent least and 
violet is bent the most. White objects seem to have a red or blue 
fringe this is called chromatic aberration.

• There are over twenty GPS satellites and each one transmits a radio 
signal giving the precise time of transmission and the satellite’s own 
position. The more signals that are processed the more accurate 
the location will be.

Did You Know?

• Geometrical methods of land surveying were practised at least 
5000 years ago by the Egyptians and were used in agriculture and 
in large scale construction projects.

• This practical knowledge and skill evolved into the science of 
geometry. Indeed the word ‘geometry’ derives from Greek words 
for ‘earth’ and ‘measure’ (geo, metria). The Greek mathematician 
Euclid (300 BC) devised a logical system of geometry based on a 
few basic axioms.

• A surveying instrument called a theodolite is used for measuring 
horizontal and vertical angles. It is essentially a circular scale (a 
protractor) marked in degrees (and minutes) with a moveable arm 
for ‘sighting’. Such instruments have been in use since 1512 and 
although the telescope was available at the time its use as a sighting 
device on theodolites did not occur until 1725. Modern theodolites 

Examination Questions 

Leaving Certificate Geography, Higher Level, 2008, Q. 10 B
Examine the 1:50000 Ordnance Survey extract and legend 
accompanying this paper.  (The map provided was of the Drogheda 
area, from the sea in the East to the M1 motorway in the West.)

Imagine that you have been given the task of locating a new housing 
estate.

(i) Using a grid reference state clearly where you would locate the 
housing estate.

(ii) Explain clearly one reason in favour of this location and one reason 
against it.

incorporate electronic angle measurement and infrared- or laser-
based distance measuring.

• A circular disk marked in degrees and minutes would be virtually 
impossible to read. In 1631 the French mathematician Pierre Vernier 
devised an ingenious solution. The key was to use a main scale (e.g. 
graduated in degrees or millimetres) and a second graduated scale 
alongside it. The divisions on the second scale were slightly smaller 
than those on the main scale; in the simplest case ten secondary 
divisions were equal to nine divisions on the main scale. 

Biographical Notes

Euclid (ca. 300 BC)
Compared to other famous thinkers of his time, relatively few personal 
details are known about Euclid. He was a Greek mathematician and 
lived in Alexandria during the reign of Ptolemy I (367 – 283 BC). Both 
Archimedes (287 - 212 BC) and Eratosthenes (276 - 194 BC) refer to his 
work.

Euclid compiled his mathematics into a set of thirteen books called 
Elements. Although it is not the oldest mathematical work in existence 
Euclid’s Elements is the oldest mathematical work in which all 
geometrical theorems and proofs are based on a small number of 
axioms or self-evident basic assumptions. It has been the basis of 
geometry for 2300 years. It is regarded as the most influential textbook 
ever written. Following the development of the printing press it was one 
of the earliest books to be printed (1482) – second only to the Bible. 

Jesse Ramsden (1735 –1800) 
Jesse Ramsden was an English astronomical and scientific instrument 
maker. He was born in Salterhebble near Halifax, England. Having 
worked for a few years as an apprentice cloth maker he went in 1755 to 
work for an instrument maker in London. By the age of thirty he had a 
reputable business of his own.

He invented the achromatic lens – a combination of lenses of different 
types of glass – which exhibits very little chromatic aberration. 

He devised a method of accurately marking degrees on circular metal 
disks; these were used in astronomical and terrestrial surveying 
instruments. Around 1785 he completed a theodolite for the Royal 
Engineers; this instrument was used in measuring the distance 
Greenwich, London and Paris. In 1795 he received the Copley Medal 
for his contribution to surveying.

 

Revise The Terms

Can you recall the meaning of the following terms? 
aerial, altimetric, auto-exposure, auto-focus, canopy, CCD, chromatic 
aberration, colour, convex, digital imaging, glass, GPS, infrared, 
inverted, kite, laser, lens, megapixel, optical, photo-realistic, plano-
convex, prism, profiles, radar, resolution, stereoscopy, tele-photo lens, 
three-dimensional, virtual.

Check the Glossary of Terms for this lesson at www.sta.ie
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Optical Imaging (Aerial Photography)

You can find out more about Ordnance Survey Ireland 
at www.osi.ie and www.sta.ie

The accuracy improves as more signals are processed. 

Real Time Kinematic (RTK) combines signals from a ground-based 
station with those of the GPS and computes positions to a resolution of 
about 2 cm relative to the base station. If the base station position is 
known precisely then the position of the mobile unit can be computed 
accurately.

LIDAR (Light Detection and Ranging)
Laser light pulses can be used to construct virtual maps. The scene is 
scanned from a plane by a rotating laser source; the time for the reflected 
light to return is used to compute distances. The downward angle of the 
beam can be also be varied and this permits the construction of three-
dimensional images. Airborne altimetric LIDAR is used to measure the 
topography of the terrain; the vertical resolution is of the order of 10–15 
cm. In forested areas LIDAR can penetrate the canopy and provided 
information about the surface. It can also penetrate water to depths of 
70 m, using a different Laser for water depending on the clarity, and so 
can be used to generate profiles of rivers or lakes.

Combining data
By combining data from different technologies photo-realistic virtual 
three-dimensional maps of geographic features can be generated. 
These computer-generated models can be rotated and viewed from 
different perspectives. They can also be used to make further 
measurements and to generate stereoscopic images. 

MPiA 
A development of LIDAR known as MPiA (Multiple Pulses in Air) almost 
doubles the laser scanning resolution by sending a pulse before the 
previous one has returned. It can be operated at heights of between 200 
m and 5000 m. 

distance. Images of white objects appear to have red or blue fringes. 
This phenomenon is called chromatic aberration. It can be partially 
overcome by using complex combinations of lenses made of different 
kinds of glass; such a combination is called an achromatic doublet.

The camera
In a camera the lens projects 
an image onto a photographic 
film or a sensor plate. In the 
case of digital cameras the 
resolution is limited by the 
pixel density on the sensor 
(CCD: charge-coupled device) 
this may be greater than 50 
megapixel per image.

The picture (Fig. 3) shows a 
digital sensor (‘camera’) 
installation in an aeroplane. 
The main components are 
the control unit (C), the 
sensor head (S) and the 
operator interface (O). The 
control unit includes a 
computer, GPS electronics 
and data storage. The sensor 
unit includes the IMU (Inertial 
Measurement Unit) which 
measures acceleration and 
orientation, the digital sensor 
and the lens housing (optics).
The operator interface is a 
high resolution computer 
display unit.  The lens 
housing extends below the 
floor to the outside. The 
spectral range of the sensor 
is 420-900 nm; this covers 
most of the visible spectrum 
(380-750 nm) and extends 
into the infrared region. 

Stereoscopic images
Having two eyes enables us to perceive relative distance; the greater the 
distance between the eyes the greater the difference between the views of 
each eye. Stereoscopic cameras are basically pairs of cameras that operate 
in a synchronised way. Pairs of images are produced and when they are 
viewed in a suitable viewing device the perception of depth is produced.

GPS 
The US Department of Defence established the Global Positioning System 
(GPS) and in 1983 wider access was permitted. (A European alternative, 
called Galileo Positioning System, is in production.) There are over twenty 
GPS satellites and each one transmits a radio signal (in the microwave band 
– at about 1.5 GHz) giving the precise time of transmission and the satellite’s 
own position. These signals, travelling at the speed of light, take time to 
reach the ground. The GPS receiver measures the time delay (to the nearest 
100 ns) and computes the distance to the satellite. Using the distance and 
position of three or more satellites the GPS receiver can calculate its own 
position to the nearest 30 m – i.e. the distance light travels in 100 ns. 

In the 1820s–1830s different systems of photography were 
invented. In 1858 Gasper Felix Tournachon took aerial 
photographs of Paris from a balloon. In 1889 Arthur Batut 
was the first to use a kite for photography and not long after 
the development of powered flight aeroplanes were similarly 
used (1908).

There have been many developments in aerial imaging over 
the last hundred and fifty years including stereoscopy, colour 
photography, tele-photo lenses, auto-focus, auto-exposure, 
infrared, laser, digital imaging, radar and GPS. In this lesson 
we will look at the principles of optical imaging and how they 
are applied in surveying.

Images formed by lenses

If you look closely at a hanging drop of water you may observe in it a small 
inverted image of the surroundings. A sphere of glass produces the effect 
more strikingly. A convex lens, which can be considered to be a slice of a 
sphere, can be used to form images on a flat surface such as a wall or a 
screen; this would more correctly be called a plano-convex lens. 

If a magnifying glass is held some distance from a smooth white wall an 
inverted image of the surroundings will be projected onto the wall. The 
distance at which this happens depends mainly on the curvature of the 
lens but also on the distance to objects in the vicinity. Objects at different 
distances from the lens cannot be ‘in focus’ at the same time. The minimum 
distance at which an image can be formed is called the focal length of the 
lens; this occurs when the object being imaged is far away (‘at infinity’).

Colour errors
When white light passes through a prism or a lens the different colour 
components deviate different amounts; red is bent least and violet is 
bent most. As a result it is not possible to focus all colours at the same 

Ordnance Survey Ireland (OSI) is the national mapping agency 
of the Republic of Ireland. Our primary product is mapping 
services. We produce a very comprehensive range of urban, 
rural, tourist and leisure maps at a variety of scales. These maps 
are produced in digital form as well as on paper. The base data 
used to create the map series is also used to produce other 
products such as aerial photography and digital terrain models.

Our products and information about them is available on-line  at 
www.osi.ie, or are available directly from our shop (+353 (1) 
8025300) at our HQ in the Phoenix Park (near Castleknock 
Gate), our website, and through our national agency network 
distributed throughout the country.

Our customer base spans all sectors of society. It includes many 
individual members of the Irish public, tourists, schools, the 
construction industry, architects, engineers, property and legal 
firms, Government Departments and local authorities.

Our invoiced sales last year were € 24.1 million so there is likely 
to be something in our product range to interest you. The public 
customer; business and leisure; and educational sections of our 
website provide detailed information on our specific products, 
prices and uses. Feel free to browse these sections at your 
leisure.

We use the most up to date technology in our map production. 
This allows us to make products which are state of the art in 
terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
information market.

We also licence the use of our data for a wide range of computer 
based applications such as Computer Aided Design (CAD) and 
Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.

Fig. 1 Inverted images formed by water or glass

Fig. 2 Light from a distant source is focused at one point

Fig. 6 Airborne RTK Mobile RTK 

 Fig. 3 A CCD sensor ‘chip’

Fig. 4 A digital sensor installation

Fig. 5 Typical flight path of survey aircraft

Fig. 7 An image generated from LIDAR data
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Optical Imaging (Aerial Photography)

You can find out more about Ordnance Survey Ireland 
at www.osi.ie and www.sta.ie

The accuracy improves as more signals are processed. 

Real Time Kinematic (RTK) combines signals from a ground-based 
station with those of the GPS and computes positions to a resolution of 
about 2 cm relative to the base station. If the base station position is 
known precisely then the position of the mobile unit can be computed 
accurately.

LIDAR (Light Detection and Ranging)
Laser light pulses can be used to construct virtual maps. The scene is 
scanned from a plane by a rotating laser source; the time for the reflected 
light to return is used to compute distances. The downward angle of the 
beam can be also be varied and this permits the construction of three-
dimensional images. Airborne altimetric LIDAR is used to measure the 
topography of the terrain; the vertical resolution is of the order of 10–15 
cm. In forested areas LIDAR can penetrate the canopy and provided 
information about the surface. It can also penetrate water to depths of 
70 m, using a different Laser for water depending on the clarity, and so 
can be used to generate profiles of rivers or lakes.

Combining data
By combining data from different technologies photo-realistic virtual 
three-dimensional maps of geographic features can be generated. 
These computer-generated models can be rotated and viewed from 
different perspectives. They can also be used to make further 
measurements and to generate stereoscopic images. 

MPiA 
A development of LIDAR known as MPiA (Multiple Pulses in Air) almost 
doubles the laser scanning resolution by sending a pulse before the 
previous one has returned. It can be operated at heights of between 200 
m and 5000 m. 

distance. Images of white objects appear to have red or blue fringes. 
This phenomenon is called chromatic aberration. It can be partially 
overcome by using complex combinations of lenses made of different 
kinds of glass; such a combination is called an achromatic doublet.

The camera
In a camera the lens projects 
an image onto a photographic 
film or a sensor plate. In the 
case of digital cameras the 
resolution is limited by the 
pixel density on the sensor 
(CCD: charge-coupled device) 
this may be greater than 50 
megapixel per image.

The picture (Fig. 3) shows a 
digital sensor (‘camera’) 
installation in an aeroplane. 
The main components are 
the control unit (C), the 
sensor head (S) and the 
operator interface (O). The 
control unit includes a 
computer, GPS electronics 
and data storage. The sensor 
unit includes the IMU (Inertial 
Measurement Unit) which 
measures acceleration and 
orientation, the digital sensor 
and the lens housing (optics).
The operator interface is a 
high resolution computer 
display unit.  The lens 
housing extends below the 
floor to the outside. The 
spectral range of the sensor 
is 420-900 nm; this covers 
most of the visible spectrum 
(380-750 nm) and extends 
into the infrared region. 

Stereoscopic images
Having two eyes enables us to perceive relative distance; the greater the 
distance between the eyes the greater the difference between the views of 
each eye. Stereoscopic cameras are basically pairs of cameras that operate 
in a synchronised way. Pairs of images are produced and when they are 
viewed in a suitable viewing device the perception of depth is produced.

GPS 
The US Department of Defence established the Global Positioning System 
(GPS) and in 1983 wider access was permitted. (A European alternative, 
called Galileo Positioning System, is in production.) There are over twenty 
GPS satellites and each one transmits a radio signal (in the microwave band 
– at about 1.5 GHz) giving the precise time of transmission and the satellite’s 
own position. These signals, travelling at the speed of light, take time to 
reach the ground. The GPS receiver measures the time delay (to the nearest 
100 ns) and computes the distance to the satellite. Using the distance and 
position of three or more satellites the GPS receiver can calculate its own 
position to the nearest 30 m – i.e. the distance light travels in 100 ns. 

In the 1820s–1830s different systems of photography were 
invented. In 1858 Gasper Felix Tournachon took aerial 
photographs of Paris from a balloon. In 1889 Arthur Batut 
was the first to use a kite for photography and not long after 
the development of powered flight aeroplanes were similarly 
used (1908).

There have been many developments in aerial imaging over 
the last hundred and fifty years including stereoscopy, colour 
photography, tele-photo lenses, auto-focus, auto-exposure, 
infrared, laser, digital imaging, radar and GPS. In this lesson 
we will look at the principles of optical imaging and how they 
are applied in surveying.

Images formed by lenses

If you look closely at a hanging drop of water you may observe in it a small 
inverted image of the surroundings. A sphere of glass produces the effect 
more strikingly. A convex lens, which can be considered to be a slice of a 
sphere, can be used to form images on a flat surface such as a wall or a 
screen; this would more correctly be called a plano-convex lens. 

If a magnifying glass is held some distance from a smooth white wall an 
inverted image of the surroundings will be projected onto the wall. The 
distance at which this happens depends mainly on the curvature of the 
lens but also on the distance to objects in the vicinity. Objects at different 
distances from the lens cannot be ‘in focus’ at the same time. The minimum 
distance at which an image can be formed is called the focal length of the 
lens; this occurs when the object being imaged is far away (‘at infinity’).

Colour errors
When white light passes through a prism or a lens the different colour 
components deviate different amounts; red is bent least and violet is 
bent most. As a result it is not possible to focus all colours at the same 

Ordnance Survey Ireland (OSI) is the national mapping agency 
of the Republic of Ireland. Our primary product is mapping 
services. We produce a very comprehensive range of urban, 
rural, tourist and leisure maps at a variety of scales. These maps 
are produced in digital form as well as on paper. The base data 
used to create the map series is also used to produce other 
products such as aerial photography and digital terrain models.

Our products and information about them is available on-line  at 
www.osi.ie, or are available directly from our shop (+353 (1) 
8025300) at our HQ in the Phoenix Park (near Castleknock 
Gate), our website, and through our national agency network 
distributed throughout the country.

Our customer base spans all sectors of society. It includes many 
individual members of the Irish public, tourists, schools, the 
construction industry, architects, engineers, property and legal 
firms, Government Departments and local authorities.

Our invoiced sales last year were € 24.1 million so there is likely 
to be something in our product range to interest you. The public 
customer; business and leisure; and educational sections of our 
website provide detailed information on our specific products, 
prices and uses. Feel free to browse these sections at your 
leisure.

We use the most up to date technology in our map production. 
This allows us to make products which are state of the art in 
terms of clarity, information and design and which are available 
at affordable prices. We are very customer focused and we 
continuously improve our product range in line with customer 
requirements. These twin approaches have allowed us to 
maintain our position as market leader in the Irish geographic 
information market.

We also licence the use of our data for a wide range of computer 
based applications such as Computer Aided Design (CAD) and 
Geographic Information Systems (GIS). Using these systems 
and technological developments has also allowed disparate 
organisations to analyse their own data by using our mapping 
data in conjunction with their own information.

Fig. 1 Inverted images formed by water or glass

Fig. 2 Light from a distant source is focused at one point

Fig. 6 Airborne RTK Mobile RTK 

 Fig. 3 A CCD sensor ‘chip’

Fig. 4 A digital sensor installation

Fig. 5 Typical flight path of survey aircraft

Fig. 7 An image generated from LIDAR data
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Optical Imaging (Aerial Photography)

Syllabus Reference
Relevant Syllabus References 

Leaving Certificate Physics
• Lenses: Images formed by single thin lenses.
• Electromagnetic spectrum: Relative positions of radiations in terms 

of wavelength and frequency...
• Infrared camera (applications)

Leaving Certificate Geography
Map and aerial photograph interpretation (pp. 19, 20)

• co-ordinate systems (latitude and longitude) 
• grid references
• scale, distance, and direction
• altitude and slope
• sketch maps
• symbol recognition
• cross-sections
• absolute and relative location using maps and aerial photographs

Geographical information systems – GIS (pp. 19, 20)

• GIS as a specialised investigative tool, can be used to combine 
data sources in the study of particular areas or geographical 
problems. (Topics listed include: aerial photographs, census 
material, satellite images and statistical information)

Learning Outcomes 

• Become familiar with the new developments in aerial imaging

• Know about the principles of optical imaging and how they are 
applied to surveying

• Understand colour errors, stereoscopic images, different types of 
GPS and LIDAR

• Know about combining data from different technologies to create 
computer generated maps 

• LIDAR (Light Detection and Ranging) is used to measure the 
topography of the terrain. It can penetrate the canopy and provide 
information about the surface and also penetrate water generating 
profiles of rivers or lakes.

Leaving Certificate Geography 2007, Part I, Q. 12
Examine the Ordnance Survey map extract below and the profile drawn 
along the trail that is marked in blue on the map. Answer the questions 
that follow.

• What is the height above sea-level at A, the start of the trail? 

• Identify the glacial landform at B. 

• Name the road at C 

• Identify a tourist attraction at D

For further examples of past questions check www.sta.ie

Student Activity
1.  Devise a method for measuring the 

distance to a tree or building without actually going to its location. 
(Hint: mark out a baseline and then use two protractors to measure 
the angle between the baseline and the object, from each end of the 
baseline.)

2 Investigate the formation of images with a lens. How does the size of 
the projected image vary as the distance between the lens and the 
object changes? Is it possible to project an upright image using a 
single  convex lens?

True/False Questions

a) In 1858 Gasper Felix Tournachon took aerial photographs  
of Paris from a small aeroplane. T F

b) Stereoscopic images produce an illusion of three dimensions. T F

c) A convex lens can be used to form an image on a screen  
or on photographic film. T F

d) A simple lens has the same focal length for all colours. T F

e) Global positioning handsets calculate positions by  
measuring the time difference between radio signals from  
a number of satellites. T F

f) The proportion between the sides of a triangle does not  
change if it is magnified. T F

g)  If two triangles have the same angles then their  
corresponding sides are directly proportional to one another. T F

h)  All prisms have triangular ends.  T F 

Check your answers to these questions on www.sta.ie
General Learning Points

• In 1889 Arthur Batut was the first person to use a kite for 
photography

• There have been many new developments in aerial imaging in the last 
150 years such as GPS, digital imaging, radar and tele-photo lenses

• A convex lens can be used to form images on a flat surface. This is 
called a plano-convex lens

• When light shines through a prism the red colour is bent least and 
violet is bent the most. White objects seem to have a red or blue 
fringe this is called chromatic aberration.

• There are over twenty GPS satellites and each one transmits a radio 
signal giving the precise time of transmission and the satellite’s own 
position. The more signals that are processed the more accurate 
the location will be.

Did You Know?

• Geometrical methods of land surveying were practised at least 
5000 years ago by the Egyptians and were used in agriculture and 
in large scale construction projects.

• This practical knowledge and skill evolved into the science of 
geometry. Indeed the word ‘geometry’ derives from Greek words 
for ‘earth’ and ‘measure’ (geo, metria). The Greek mathematician 
Euclid (300 BC) devised a logical system of geometry based on a 
few basic axioms.

• A surveying instrument called a theodolite is used for measuring 
horizontal and vertical angles. It is essentially a circular scale (a 
protractor) marked in degrees (and minutes) with a moveable arm 
for ‘sighting’. Such instruments have been in use since 1512 and 
although the telescope was available at the time its use as a sighting 
device on theodolites did not occur until 1725. Modern theodolites 

Examination Questions 
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Examine the 1:50000 Ordnance Survey extract and legend 
accompanying this paper.  (The map provided was of the Drogheda 
area, from the sea in the East to the M1 motorway in the West.)

Imagine that you have been given the task of locating a new housing 
estate.

(i) Using a grid reference state clearly where you would locate the 
housing estate.

(ii) Explain clearly one reason in favour of this location and one reason 
against it.

incorporate electronic angle measurement and infrared- or laser-
based distance measuring.

• A circular disk marked in degrees and minutes would be virtually 
impossible to read. In 1631 the French mathematician Pierre Vernier 
devised an ingenious solution. The key was to use a main scale (e.g. 
graduated in degrees or millimetres) and a second graduated scale 
alongside it. The divisions on the second scale were slightly smaller 
than those on the main scale; in the simplest case ten secondary 
divisions were equal to nine divisions on the main scale. 

Biographical Notes

Euclid (ca. 300 BC)
Compared to other famous thinkers of his time, relatively few personal 
details are known about Euclid. He was a Greek mathematician and 
lived in Alexandria during the reign of Ptolemy I (367 – 283 BC). Both 
Archimedes (287 - 212 BC) and Eratosthenes (276 - 194 BC) refer to his 
work.

Euclid compiled his mathematics into a set of thirteen books called 
Elements. Although it is not the oldest mathematical work in existence 
Euclid’s Elements is the oldest mathematical work in which all 
geometrical theorems and proofs are based on a small number of 
axioms or self-evident basic assumptions. It has been the basis of 
geometry for 2300 years. It is regarded as the most influential textbook 
ever written. Following the development of the printing press it was one 
of the earliest books to be printed (1482) – second only to the Bible. 

Jesse Ramsden (1735 –1800) 
Jesse Ramsden was an English astronomical and scientific instrument 
maker. He was born in Salterhebble near Halifax, England. Having 
worked for a few years as an apprentice cloth maker he went in 1755 to 
work for an instrument maker in London. By the age of thirty he had a 
reputable business of his own.

He invented the achromatic lens – a combination of lenses of different 
types of glass – which exhibits very little chromatic aberration. 

He devised a method of accurately marking degrees on circular metal 
disks; these were used in astronomical and terrestrial surveying 
instruments. Around 1785 he completed a theodolite for the Royal 
Engineers; this instrument was used in measuring the distance 
Greenwich, London and Paris. In 1795 he received the Copley Medal 
for his contribution to surveying.

 

Revise The Terms

Can you recall the meaning of the following terms? 
aerial, altimetric, auto-exposure, auto-focus, canopy, CCD, chromatic 
aberration, colour, convex, digital imaging, glass, GPS, infrared, 
inverted, kite, laser, lens, megapixel, optical, photo-realistic, plano-
convex, prism, profiles, radar, resolution, stereoscopy, tele-photo lens, 
three-dimensional, virtual.

Check the Glossary of Terms for this lesson at www.sta.ie


