
In the Beginning
In 1800, 19 years after discovering Uranus, a German-born
British astronomer, William Herschel (1738–1822),
wondered whether the colours of refracted light through a
prism gave off different temperatures. Using
thermometers, he carefully measured each colour in the
spectrum. Another thermometer was set just beyond the
visible light to measure room temperature outside the
spectral range of this light. Much to his surprise, it was this
thermometer that gave the highest reading.

After further experiments, Herschel concluded that
light was being refracted beyond the red colour that was
not visible to the naked eye. He referred to this
phenomenon as calorific rays but it was later renamed
infrared; ‘infra’ being Latin for ‘below’.

Infrared technology, and the development of infrared
sensors, progressed rapidly in the second half of the 20th
century. Sensors for aerial use, like so many technologies,
were largely developed for military purposes. Today, there
are many infrared cameras available commercially, but as
yet, the commercial sector is still some way off matching
the spatial and thermal resolution achieved by military
specified sensors.

Heat Loss Surveys
It was not until the mid- to late-1980s that aerial heat loss
surveys began to be carried out on a commercial basis,
either for large site owners or local authorities. Global
warming was making energy conservation the number one
topic and the Home Energy Conservation Act, 1995
obliged all local authorities to assess the energy efficiency
of their housing stock. Aerial surveys became a highly
economical way of assessing entire districts. In 2000,
Horton Levi Limited, a firm that specializes in infrared
imaging, undertook the largest heat loss survey that had
ever been conducted, covering two thirds of London
within the M25 – an area of approximately 1,500 km2.

Collecting the Data
Heat loss surveys are always carried out in the winter
months and flying commences at around two hours after
sunset. This is considered to be the best time to allow for
the dissipation of solar energy and to ensure that homes are
heated.

The aircraft are dedicated to photographic and
thermal imaging work and as such, they are fitted with
stabilized sensor mounts and a satellite guidance system.
Horton Levi’s sensor is a military-specified Pilkington
Optronics camera which outputs greyscale video. At an
altitude of a little over 2,000 feet, the plane flies in parallel
sorties across the survey area, capturing swathes
approximately 400 metres wide. Each swathe allows for a
50-metre overlap on either side. This is vital as, despite the
use of a guidance system, the plane can easily drift from its
line due to weather conditions or, as is more often, pilot
boredom.

Back on the ground the greyscale video is converted
into individual plates using bespoke software. The result,
in the case of the London survey, was just over 36,000
images (an example of which can be seen in Figure 1).

Analysing the Raw Data
From Figure 1, one can see how difficult it is for the
untrained eye to make much sense of the data. Yes, the
large black buildings are cold and the white ones hot, but
analysing a mid-terrace house with the naked eye would be
extremely difficult. However, professional imaging
software can help enormously. The image is in 8-bit
greyscale which contains 256 different shades from black
(000) to white (255). Each of these shades represents a
different level of heat loss, 000 being the coldest and 255
being the hottest. Using the eyedropper tool (common to
most imaging software) allows the user to hover over any
pixel on the screen and be told the greyscale value
instantly.

The human eye, of course, was not designed for
seeing in black and white, and is far happier viewing a
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colour image. Once again, imaging software can help out
by applying a colour palette to the image and therefore
transforming the pixel values into a range of hues. This
makes it far easier to see hot and cold spots without using
an eyedropper tool (see Figure 2).

Georectification
Another practical problem with the raw data is finding the
particular image you want to see. Even a small London
borough such as Haringey, at just 30 km2, has over 600
individual images taken from 16 different runs – finding
No.10 Meadow Drive could take quite a while.
Fortunately, software technology and computer processing
power had reached a stage that would allow these images
to be stitched together into one seamless image that could
be overlaid onto map data. But before this can be done,
each image has to be georectified.

Georectification is the process of aligning graphical
data on a two-dimensional surface so that it accurately
corresponds with a map projection system. In essence, it
‘corrects’ an image so that it corresponds exactly with a
map. Aerial images require this distortion to account for
aircraft movement, alteration in terrain, and the Earth’s
curvature. Unfortunately, there is as yet no way of
automating the process where infrared data is concerned.
In practice, this means that reference points, known as
Ground Control Points (GCPs) are plotted on each image,
with their precise matching point then plotted on the map
(Figure 3).

Corners of buildings are used where possible, and the
more GCPs plotted, the greater the accuracy of the overlay.
When Hotmapping.co.uk georectified Horton Levi’s data
for Haringey, we estimated that around 13,000 control
points had been plotted.

Once georectified, the images share the co-ordinate
data of the map to which they were referenced. So now
each image knows where it is in relation to every other
image. This enables us to stitch the images together to

form a seamless thermal picture of entire districts.
Thankfully, this process is automated. Figure 4 shows how
1,300 images were stitched together to cover an area of 70
km2 in the North East. This data can sit as a layer in GIS
software, allowing the user to locate a building using the
map layer and then examining the thermal image below.

Therma-Spatial Analysis
In November 2001, Ordnance Survey launched its new
mapping system, OS MasterMap. By doing so, it
unintentionally revolutionized the use of aerial heat loss
surveys. MasterMap is entirely digital and is a database
driven system. Every building in the UK (indeed, almost
every feature in the UK) has been allocated a 16 digit
number known as a TOID (Topographical Identifier). Put
simply, each TOID forms a row in the database that
includes information such as type of feature, location and
how it should be drawn on a map. Put even more simply,
every building in the UK has become a polygon.

Using spatial analysis software, Hotmapping.co.uk
devised a way of merging thermal data and MasterMap
data to create heat loss maps of cities and districts. Once
again, technology, software and processing power had
advanced to such a degree that thermal surveys could be
taken to another level.

In essence, the process is quite simple. The
MasterMap data is converted into simpler mapping files.
These files still contain the database information such as
feature type and TOID. We then overlay the map file onto
the georectified and mosaiced thermal data. A new data
column is added to the database for heat loss, and then
every building polygon queries the thermal image below it
to ascertain the average value of the greyscale pixels. As
we have already seen, these pixels, ranging from 0–255,
represent temperature. Accordingly, every building now
has a heat loss value.

This task is automated, but it is not so much as push
the button and make a cup of coffee, as push the button and
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Figure 1 Raw image captured during the survey of heat loss
in London, 2000

Figure 2 The survey data shown as a colour image to aid
interpretation



go on holiday. Earlier this year, we completed a 170 km2

area and three PCs were working 24 hours a day for a week
to process the data. But the results are worth the wait.
Because the data retains the unique TOID identifiers, the
files can easily slot into a system running OS MasterMap.
The user can now analyse the thermal data to a degree
never before possible. For example, simple queries can be
set up to produce a list of addresses with a higher than
average heat loss. Colour coded maps (Figure 5) can be
produced by banding groups of buildings according to
their heat loss values. Even cold buildings can be easily
identified, perhaps confirming results of insulation
schemes or highlighting vacant property. Because of the
quality achieved by Horton Levi’s sensors and the
accuracy of the rectification, different heat loss values can
be accurate right down to mid-terrace level.

The beauty of this development is the ease of
analysing thermal data. No more eyedropper tools or
training in understanding thermal images. Everybody
knows that red is hot and blue is cold. What’s more, these
maps can be easily printed or converted to GIF (Graphics
Interchange Format). GIFs can be viewed on any PC and,
more importantly, published on the internet.

The Haringey Phenomenon
In March 2007, the London Borough of Haringey
published the results of Horton Levi’s 2000 heat loss

survey on the internet, along with new survey data. The
website was titled Haringey Interactive Heat Loss Map
and allowed the public to view a colour-coded map that
assessed the heat loss from every building in the Borough.

On 3rd May 2007 a local newspaper, the Hornsey &
Crouch End Journal, published a front page story
headlined “Spies in the Sky”. It went on to say:

“Every home in the borough has been photographed
from a ‘spy plane’ – to help Haringey Council wage
a war against householders wasting energy. The
council has compiled a ‘heat map’ which can identify
how much energy is escaping from each property.”

In the days to come almost every UK national daily would
also run the story. The Times fuelled the controversy with
the headline “Spy plane employed to shame owners of
heat-loss homes”1 and The Daily Mail went even further in
announcing Haringey council’s “war on residents who
waste energy”2. The BBC reported the story on its website,
Le Monde in Paris took it up too, as did the New York
Times and many other foreign newspapers. Soon the story
was being discussed around the world in forums and blogs
– it seemed everybody had an opinion. Even the word
‘hotmapping’ was being used as a verb to mean heat loss
surveys.

Certainly the majority of people see this technology
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Figure 3 Ground control points as determined by the user
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for what it is – a useful tool for assessing heat loss and
raising awareness of energy conservation. A vociferous
few, however, have genuine concerns about intrusion, ‘Big
Brother’, and our CCTV society.

Haringey itself was slightly embarrassed by the
publicity, and at least one other local authority has kept a
survey of their district quiet in order to avoid any
controversy. But as the old adage goes, all publicity is
good publicity, and if it weren’t for a Hornsey and Crouch
End journalist’s vision of spy planes, this article may never
have been written.
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Figure 4 The 1,300 images of north east England stitched together (1.5% actual size)

Figure 5 Every building in an entire city can now be colour-coded according to heat loss
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