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How satellites, drones and digital mapping can help with environmental resource management 



The Purpose of the short course is to give you a very basic skill set and software training so 

you can: 

 
   find free image and mapping data. 

 

 

To produce a digital map 

process and understand the data 

You’ll learn: 

 

• Where to find satellite data on line. 

• How to interpret images. 

• How to digitise maps. 

• And how to automate the creation of maps from images. 



We will use “Geospatial Data” 
   find free image and mapping data. 

 

 

What is Geospatial data? 

• Any data that can be 
ascribed to a place. 

• Maps, GPS 
coordinates, 
addresses. 

• Any sort of place- 
town, street, region, 
exact millimetre co-
ordinates 

• The earth! 

 

 

https://gisgeography.com/what-is-geodata-geospatial-data/ 
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What is Earth Observation & Remote Sensing 

 
   find free image and mapping data. 

 

 

The First satellite was called Sputnik  

It’s the use of images taken 

from above to tell us about 

the world. There are lots of 

ways to take pictures:  

 

 

• Satellites 

• Drones 

• Aircraft 

 

 

http://gisgeography.com/remote-sensing-earth-observation-guide/ 
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https://earthobservatory.nasa.gov/images/145683/lorenzo-approaches-ireland 
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But we will look at Orbiting Satellites used for Earth Observation (EO). 
 

 

And particularly Multi-Spectral Sensors 

https://www.n2yo.com/ 

 
https://directory.eoportal.org/web/eoportal/satellite-missions 

 

There are approximately  

700 EO satellites in orbit now. 

 

50/50 split Military and Civilian 

 

 
https://business.esa.int/newcomers-earth-observation-guide 
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Why use satellites: 

 
   find free image and mapping data. 

 

 

Where is this? 

http://gisgeography.com/100-earth-remote-sensing-applications-uses/ 

 

• Wide overview 

• Complete access 

• Repeatability 

• A different 
perspective 
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Why use satellites: 

 
   find free image and mapping data. 

 

 

• Wide overview 

• Complete access 

• Repeatability 

• A different 
perspective 

 

 

 



Why use satellites: 

 
   find free image and mapping data. 

 

 

http://staff.aub.edu.lb/~webeco/rs%20lectures.htm 
 

 

• Wide overview 

• Complete access 

• Repeatability 

• A different 
perspective 
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Why use satellites: 

 
   find free image and mapping data. 

 

 

In Short 

• Wide overview 

• Complete access 

• Repeatability 

• A different 
perspective 

 

 

 

• A new perspective 
• Information that’s not available in other ways 
• A synoptic view 
• The data is directly useable in GIS mapping systems 



 



Remote sensing in Teagasc- through satellites we can track farming activity all year 

and across decades. 

We can even see to the level of 

experimental plots. 

We can see landscapes, farms 

and fields. 

We can even see through clouds. 

The Imagery used is freely supplied from NASA and ESA. 



Remote sensing in Teagasc- Monitoring grass from space – precision 

agriculture and “Big Data” for Ireland’s most important crop.     

 

Biomass from Satellite 
Using Moorepark grass growth 

data a Machine Learning 

algorithm (ANNFIS) has been 

taught to estimate biomass at 

field scale from daily satellite 

observations. 

New RADAR Imagery from ESA allows us to observe 

management in all weathers. 



Remote sensing in Teagasc- Measuring Biomass on the farm Laser Scanning   

LIDAR4Hedge 

Using an aerial laser scanning 

technique called LIDAR we can 

create 3D models of vegetation.  

Here we modelled hedgerows 

and estimated the carbon content 

and sequestration potential. 

Using an earlier Hedgerow map 

of Ireland I produced, we 

estimated national carbon 

holding in hedgerows. 

It may be important in the future to know the carbon 

stock/sequestration potential of a parcel 



Remote sensing in Teagasc- drainage status of fields calculated using the latest remote sensing 

techniques.   

Drainage 

Overland flow can know be 

modelled cheaply with drone 

photogrammetry- lidar not 

needed in many cases 

In DRAINMAP we are monitoring the effectiveness of artificial 

drainage using RS. 



 



Taking a picture from space 

 
   find free image and mapping data. 

 

 

Cameras are ACTIVE they record the light reflected from another source.  

They don’t work in the dark. 

Kazakhstan’s Alakol Lake in this Copernicus 

Sentinel-2 image from 5 April 2016. 

https://www.youtube.com/watch?v=qS1FmgPVLqw 

 

https://www.youtube.com/watch?v=qS1FmgPVLqw
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Remote sensing background 

 
   find free image and mapping data. 

 

 

For now think of a satellite, like the new Sentinel 2 from ESA, as a 
giant digital camera in space, orbiting the planet every 75mins. 

We will look at different 

remote sensing 

technologies over the 

coming weeks but, for 

now, just image all we will 

be doing for the next few 

lectures is looking at 

photographs! 

http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-2 
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Cameras collect: ELECTROMAGNETIC ENERGY 

 
   find free image and mapping data. 

 

 

We’ll be using the Visible and IR 

• We are all familiar with EMR (even if we don’t 
realise it!) 

 

• Light, radio, microwaves – are all EMR and part 
of the Electromagnetic Spectrum 
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Properties of EMR 

 
   find free image and mapping data. 

 

 

All Electromagnetic  radiation (EMR) travels at the speed of light, C 

You can chose to think of light as either model: 

• The machine gun model: Image the sun (or a laser pointer or a 
lamp)  firing out little packets of energy that shoot through the 
sky and bounce of, or through or are scattered by objects 

Or 

• The radio model: Imagine the sun broadcasting waves of energy 
like a radio antenna that reflect, or transmit or are diffracted by 
objects 

 

In  both cases the amount of energy is determined by the wavelength 
of the light involved and we can only see stuff because some of that 
energy is bounced or reflected off an object into our eyes (or our 
camera or our satellite imaging device). 

c=l.n 

 
C  speed  measured in meters per second, ms-1  

n frequency measured in hertz, Hz   

λ wavelength measured in nano-meters, nm 

E is energy, measured in Joules, J  

l

1
E

Wave length is measured in nanometers nm 
 
Blue light has a wave length of  ~450nm 
Green  ~550nm 
Red  ~650nm 
 



 



What happens when sunlight light meets and object? 

 
   find free image and mapping data. 

 

 

The packages of light energy are photons 

Any or all of the following: 

 

Absorption (A) occurs when 
sunlight (energy) is 
absorbed into the leaf. 

Transmission (T) occurs 
when radiation passes 
through the leaf. 

Reflection (R) occurs when 
radiation "bounces" off the 
target and is redirected. 

 

In remote sensing, we 
measure the radiation 
reflected from targets.  In remote sensing the sunlight that falls on an object is 

called the downwelling irradiance and is measured in 

Wm-2. 



These same processes occur throughout the atmosphere 

 
   find free image and mapping data. 

 

 

With one extra process- Scattering 

Only a small percentage of the sunlight that falls  

on the earth is reflected back into space. 

All these processes are 

wavelength dependent. 

 

This means that weather a 

photon is scattered, 

absorbed, reflected or 

transmitted depends on its 

wavelengths. 

 

An example is in the visible 

spectrum blue light is 

scattered more than the 

other colours by the 

atmosphere- this “spreads” 

the blue light around and is 

why the sky is blue. 

https://spaceplace.nasa.gov/blue-sky/en/ 
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Atmospheric Absorption 
   find free image and mapping data. 

 

 

The Scattering and Absorption of 

light by the atmosphere makes the 

job of remote sensing harder 

(extreme example- clouds) by 

interfering with the light from the 

sun reaching the surface and being 

reflected back form the sensor. 

We often have to correct for this. 

Three chemicals are responsible for most absorption of 
solar radiation. 

 

• O3  High Atmosphere high energy short wavelength 
(ultra violet) 

 

• Co2 energy in the mid and far infrared regions of 
the spectrum 

 

• H2O extremely effective in several bands between 
5.5– 7.0m and above 27m.  



Bet you didn’t think you’d be doing quantum mechanics! 

 
   find free image and mapping data. 

 

 

For example Ozone 

Remember all theses 
processes are 
dependent on the 
wavelength of the light 
involved. 
 
That’s because these 
processes are 
quantised. 
 
 
 

 
All this means is that the physical  process by which light 
is absorbed or reflected  by a substance occurs in 
discrete amounts of energy. 
In the macro world we live in filling a jug with water is a 
non-quantised process.  
If you need to fill a litre jug, then you can poor 100ml, 
then 50 then 600 and then the rest in order to fill the jug 
or if you have a 2l Jug you can poor half in to fill your 1l 
jug.  
In a quantised world you can only fill a 1l jug with water 
from another 1 l jug in one go – you can’t use small 
amounts to make up the total and you can’t use just 
some of a bigger amount. 
 

Ozone absorbs only very short wave (high energy) EMR. It  

can never absorb long wave energy no matter how hard you try  

https://ozonewatch.gsfc.nasa.gov/facts/ozone_SH.html 
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https://www.esa.int/spaceinimages/Images/ 
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Colour 

 
   find free image and mapping data. 

 

 

This is Colour as Light 

The visible spectrum 
consists of the spectral 
hues of light. Hue is the 
specific color, identified 
by a name (e.g., red, blue, 

green, etc.) .  
When combined together 
in equal amounts of light, 
they form white light. 

 
This is not the same as 

mixing paints 
  

https://www.youtube.com/watch?v=2rU2Juual18 
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Reflected Colour 
   find free image and mapping data. 

 

 

Grass is green because it absorbs red and blue light but relfects green. 

Most surfaces are 
opaque and absorb and 
reflect different 
amounts of color from 
white light.  
 
Most of the colored 
objects we see are 
made up of 
combinations of 
reflected wavelengths, 
the remaining 
wavelengths are 
abosorbed.  

https://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjg7-rDs4XlAhVxolwKHeipADcQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.teagasc.ie%2Fcrops%2Fgrassland%2F&psig=AOvVaw2sAvaZbFnlnachbF8pgG4e&ust=1570374625445483
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Capturing the reflected light 

 
   find free image and mapping data. 

 

 

MSI is on the Sentinel 2 satellite  

Some of the sensors on 

a satellite that we will 

use can be thought of as 

a digital camera. 

 

Most EO satellites will 

carry multiple sensor 

systems 

https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-

msi/overview 

 

 

Multi Spectral Instrument  

https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-msi/overview
http://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjqz9z6toXlAhVJi1wKHStKDUsQjRx6BAgBEAQ&url=%2Furl%3Fsa%3Di%26rct%3Dj%26q%3D%26esrc%3Ds%26source%3Dimages%26cd%3D%26ved%3D%26url%3Dhttps%253A%252F%252Fearth.esa.int%252Fweb%252Fsentinel%252Ftechnical-guides%252Fsentinel-2-msi%252Fmsi-instrument%26psig%3DAOvVaw0zfPPTmFyK_YxF5s8Ed7Q1%26ust%3D1570375458525956&psig=AOvVaw0zfPPTmFyK_YxF5s8Ed7Q1&ust=1570375458525956


What is a digital image 

 
   find free image and mapping data. 

 

 

To the computer its not an image- its just an array of numbers 

72 80 84 92 97 94 85 78 75 81 

72 70 74 78 85 93 97 88 81 79 

71 61 67 70 76 82 90 97 93 87 

72 74 79 77 75 79 79 89 103 96 

44 59 77 87 85 84 88 97 110 105 

56 39 51 83 91 95 101 100 104 104 

75 58 43 56 84 106 106 93 86 93 

78 79 75 41 40 65 87 86 79 88 

78 82 86 72 45 32 44 69 82 80 

85 85 86 84 77 59 38 45 77 79 

87 91 88 81 85 84 64 41 53 70 

What you see… Digital numbers (DNs) 

typically range from 0 to 

255; 0 to 511; 0 to 1023, 

etc.  These ranges are 

binary scales: 28=256; 

29=512; 210=1024. 

It’s the software that converts the images into pixels 

on the screen 

https://www.youtube.com/watch?v=15aqFQQVBWU 
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Greyscale vs. RGB 

 

…while RGB (“Red”, “Green”, “Blue”) images displays in 3 bands 

72 80 84 92 97 94 85 78 75 81 

72 70 74 78 85 93 97 88 81 79 

71 61 67 70 76 82 90 97 93 87 

72 74 79 77 75 79 79 89 
10

3 
96 

44 59 77 87 85 84 88 97 
11

0 
10

5 

56 39 51 83 91 95 
10

1 
10

0 
10

4 
10

4 

75 58 43 56 84 
10

6 
10

6 
93 86 93 

78 79 75 41 40 65 87 86 79 88 

78 82 86 72 45 32 44 69 82 80 

85 85 86 84 77 59 38 45 77 79 

87 91 88 81 85 84 64 41 53 70 

72 80 84 92 97 94 85 78 75 81 

72 70 74 78 85 93 97 88 81 79 

71 61 67 70 76 82 90 97 93 87 

72 74 79 77 75 79 79 89 
10

3 
96 

44 59 77 87 85 84 88 97 
11

0 
10

5 

56 39 51 83 91 95 
10

1 
10

0 
10

4 
10

4 

75 58 43 56 84 
10

6 
10

6 
93 86 93 

78 79 75 41 40 65 87 86 79 88 

78 82 86 72 45 32 44 69 82 80 

85 85 86 84 77 59 38 45 77 79 

87 91 88 81 85 84 64 41 53 70 

72 80 84 92 97 94 85 78 75 81 

72 70 74 78 85 93 97 88 81 79 

71 61 67 70 76 82 90 97 93 87 

72 74 79 77 75 79 79 89 
10

3 
96 

44 59 77 87 85 84 88 97 
11

0 
10

5 

56 39 51 83 91 95 
10

1 
10

0 
10

4 
10

4 

75 58 43 56 84 
10

6 
10

6 
93 86 93 

78 79 75 41 40 65 87 86 79 88 

78 82 86 72 45 32 44 69 82 80 

85 85 86 84 77 59 38 45 77 79 

87 91 88 81 85 84 64 41 53 70 

columns (x) 

ro
w

s
 (

y
) 

Greyscale is typically used to display a single band… 



A digital satellite image 

 
   find free image and mapping data. 

 

 

  

It can help to think of the 

satellite output not as a “image” 

but as a square array of 

samples  ( the pixels) of 

reflected surface light form the 

earth 

A digital number in a satellite image has no intrinsic 

visual display meaning to the computer. 

Based on some predefined algorithm, the computer 

adjusts the brightness on the screen as a function of 

the pixel value.  This function can take a wide range of 

forms. 

 

Typically, lower pixel values are displayed as “dark” 

and higher pixel values are displayed as “bright”. 

Important to remember: while there is no limit to the 

number of image bands, there is a limit to the number a 

monitor can display at once. 



The same place on earth looks very different depending on the imaging system 

 
   find free image and mapping data. 

 

 

Spatial resolution 

Low Spatial Resolution  High Spatial Resolution 

http://www.edc.uri.edu/nrs/classes/NRS409/RS/Lectures/HowRemoteSensonWork.pdf 

 

The image is made up of pixels – spatial resolution is a measure of detail- high resolution 

 images show more detail. i.e. each pixel represents a small area on the earth.  

http://www.edc.uri.edu/nrs/classes/NRS409/RS/Lectures/HowRemoteSensonWork.pdf
http://www.edc.uri.edu/nrs/classes/NRS409/RS/Lectures/HowRemoteSensonWork.pdf


Turning Pictures into maps 

 
   find free image and mapping data. 

 

 

Latitude and Longitude 

Taking a “photo” from above 

always introduces distortions. 

 

Making a 2D map of the 

world always creates 

distortions. 

` 

 

http://www.physicalgeography.net/fundamentals/2a.html 

 

A full reference to the location of any place in the world can be given by stating the degree values of the 
parallel and the meridian which intersect at that point; in other words, by giving the latitude and longitude 
of the place. The map reference for each place on the earth’s surface is unique.  The indexes of most 
atlases give the location of places shown in the maps by latitude and longitude references 

Transforming this 3D object into 
2D ALWAYS introduces 
errors. Imagine trying to tear 
and squash a tennis ball so that 
it lies perfectly flat - cant be 
done.  

http://www.physicalgeography.net/fundamentals/2a.html
http://www.physicalgeography.net/fundamentals/2a.html




Projections 1. 

 
   find free image and mapping data. 

 

 

Datum: 

 
The Earth is often thought of as a sphere. In reality, there is a slight flattening of the 
Earth at the poles, and a slight bulging of the Earth at the Equator. Technically, the 
Earth is an ellipsoid (or spheroid)  

  
  
Datums are simply a reference for modeling the Earth's surface based on some 
definition of the spheroid. 
 
Then we must have a mathematical method of projecting the 3d reality onto a 2d 
map- using a projection. 

The datum consists of a series of numbers that define the shape 

and size of the ellipsoid and it's orientation in space. 

 A datum is chosen to give the best possible fit to the true shape  

of the Earth for a particular location. 

https://gisgeography.com/ellipsoid-oblate-spheroid-earth/ 
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Projections 2. 

 
   find free image and mapping data. 

 

 

Lecture & Notes will be posted on:  

A method by which the curved surface of the earth is portrayed on a 
flat surface. This generally requires a systematic mathematical 
transformation of the earth's lines of longitude and latitude onto a 
plane.  
 
It can be visualized as a transparent globe with a light bulb at its 
center (though not all projections emanate from the globe's center) 
casting lines of latitude and longitude onto a sheet of paper.  
 
Generally, the paper is either flat and placed tangent to the globe (a 
planar or azimuthal projection) or formed into a cone or cylinder and 
placed over the globe (cylindrical and conical projections).  
 
Every map projection distorts distance, area, shape, direction, or 
some combination thereof. This is sort of like taking a tennis ball and 
cutting it up so it will lay flat on a table. There are many different ways 
to this and all will leave some distortion  

http://c188.ced.berkeley.edu/labs/lab4/Lab4.pdf 

 

http://c188.ced.berkeley.edu/labs/lab4/Lab4.pdf
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Types of map 

 
   find free image and mapping data. 

 

 

We will create a thematic map…. 

PHYSICAL AND CULTURAL MAPS 

Atlas Maps 

Topographical Maps  

Cadastral Maps  

Distribution Maps 

http://map.geohive.ie/mapviewer.html 

https://www.osi.ie/blog/how-read-paper-map/ 
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Types of map: Thematic 

 
   find free image and mapping data. 

 

 

Habitat map of Co. Galway 

Thematic maps are a 

type of distribution map. 

Showing the location, 

distribution and extent 

of any given theme. 



Scale 

 
   find free image and mapping data. 

 

 
Scale is simply the ratio of map measurement to the world. 

Old maps may have a scale of say 1” to the Mile. 

 

Newer maps merely give the ratio- 1:100,000. So 1cm on 

the map is equivalent to 100,000 cm (1km) on the ground. 

Or 1inch on the map is equal to 20,000 inches on the 

ground. 

Small scale, has a 

small ratio 

(1:1,000,000 for 

example) and covers 

a large area in little 

detail (say an atlas). 

 

 

Large scale has a 

large ratio (1:1000 

for e.g.) and covers 

a small area in great 

detail (a property 

map for example) 

https://www.ga.gov.au/scientific-topics/national-location-

information/topographic-maps-data/basics/what-is-map-scale 

 

https://www.quia.com/jg/2469800list.html
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Structure of the course 

 
   find free image and mapping data. 

 

 

Lecture & Notes will be posted on:  

 Week 1 

– Monday 10-12 Lecture Introduction  

– Monday 1-3.45 Practical Finding data & making 1st Map 

– Tuesday 10-1pm- Practical Finding data & making 1st Map 

 

 Week 2 

– Monday 10-12 How to interpret Images 

– Monday 12.30-3.30. Digitising boundaries 

– Tuesday 10-1pm- Processing Images for use and digitising  

 

 Week 3 

– Monday 10 -12 Automatic Classification How to classify an image to make a map 2 

– Monday 12.30-3.30 Editing 

– Tuesday 10-1pm- Classifying 

 

 Week 4 

– Tuesday  10-1pm- Validating 

 

 

https://earthobservation.wordpress.com/ 

 

https://earthobservation.wordpress.com/
https://earthobservation.wordpress.com/

