Use of an IR Camera to Detect Hidden Damage in Trees
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Abstract

The detection of hidden cavities and/or rotten tissue in trees has now
become of major interest for plant pathologists, Curators of historic
gardens and even for Municipalities, because a damaged tree poses a
threat to public safety, in that the damage can progress and cause the
tree or parts of it to suddenly crack down.

The various diagnostic systems currently used are generally
time-consuming and require the presence of personnel, because they
require the use of ropes (tree-climbing), ladders or scaffolding in order
to examine the parts of a tree that cannot be reached from the ground,
or can be dangerous for man. Such systems are often invasive, in that
they envisage that holes be carried out onto the plant. The holes made
onto the tree can become the access and spread routes for pathogens.
Some of these methods can be dangerous for man, in that they use
radioisotopes or X-rays sources.

Monitoring the progress of the pathology over the years can
prove complex with these systems.

. The use of a hand-held infrared (IR) camera allows to spot the

presence and size of possible cavities/damage, also in the aerial parts
of imposing trees, from the ground and in real time. The method
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proposed is non invasive and totally harmless to man. This is a quick,
safe and user-friendly system of investigation. This is also the only
system among the known investigation apparatuses that provides for
images of the conditions of the plant.

The possibility to check the progress of the phenomenon with
certainty over the years through the simple comparison of the relative
images is another element in favour of this method, some examples of
which are shown hereafter.

1.  Introduction
In urban centres there is a huge number of imposing trees, which
besides improving people’s quality of life, provide precious help for
their health. Nonetheless, trees in urban centres undergo continuous
and hazardous stress for their survival and inappropriate or even
dangerous farming techniques. Because of the fact that trees have
been planted in an unnatural and often hostile environment, many of
them haven’t been capable of responding to pathogens’ attacks over
the years, and now show damage, even serious one.

The danger of the phenomenon is enhanced by the fact that

from the outside only small signs are visible-a damaged or dry stump,

a small hole, liquid flowing out of the tree-, which only an expert can
relate to the presence and size of the damage in tissue.

This is the reason why the knowledge of the health conditions
of the trees located in public sites has become important for the
experts in this sector as well as for Public Administrators. In fact,
damage is often revealed only when the tree or parts of it crack down
without external causes being involved.

Considering the objective difficulty in detecting hidden damage,
and since the only applicable instrument seems to be prevention, the
early detection of damage plays a fundamental role for the operators
and Administrators in charge of public parks and gardens.

Regular controls allow to safeguard public safety and urban
environment. Such controls will prevent damage to people or things
from happening and help to protect imposing or century-old trees, or
trees that are precious for the quality of life in urban centres.

1.1  The Classical Methods of Investigation



At present, as far as it is known, the systems used to detect the
presence and size of damage in the tissue of a tree can be divided into
four categories:

1. Percussion of the trunk with a hammer and interpretation of the
sound produced: the system is very common, quick and cost-
effective, but the results totally depend on the operator’s
experience;

2. Sampling tree tissue with a Pressler auger, visual assessment of
the samples and possible measure of their resistance to cracks
(Fractometer);

3.  Insertion of measuring probes into the tissue (Shigometer,
Vitamat, Resistograph, Decay Detecting Drill, Penetrometer,
Arbosonic Decay Detector, Sylvatest, etc.),

4.  Use of radioisotopes, and radiographic or radar systems.

All the known systems envisage the direct contact with the area
to assess and require the involvement of more than one person to
reach the tree’s aerial parts (tree-climbing or use of ladders or
scaffolding), some provide results that cannot be easily interpreted or
depend on variable elements (excess of resin or moisture in tissue),
others are long to be carried out.

Invasive methods envisage that holes from 2 to 12mm in
diameter be carried out onto the plant. They can further aggravate the
already existing damage, by breaking the protection barriers created
by the plant in order to prevent already present pathologies from
spreading. Such holes can be new access routes for pathogens or
parasites, even if they are covered with special wax or adhesive. The
systems that use isotopes or radiographic apparatuses can be
dangerous for man because of the radiation emitted or result too bulky
so that they can only be used in favourable conditions.

The currently used apparatuses present a common limit: they
provide information only on the point or at best on the trunk section at
the height at which they are used. Information on the condition of the
entire plant can be collected either by extrapolation, 1.e. according to
the operator’s experience, or by repeating tests at various levels. The
latter is not an easy activity to carry out, and anyway prolongs the
duration of the investigation.



1.2 The System Proposed

The system proposed (Catena 1992, Catena and Catena 2000', Catena
et al. 1990) consists in the use of a hand-held IR camera. The camera
detects the presence of discontinuities in the tree tissue which are due
to cavities or rotten tissue. This is possible because of the difference in
the thermal conductivity between the area affected by the
phenomenon and the surrounding, undamaged area. The two areas
present different surface temperatures, which are shown by the
apparatus. Therefore, it provides for an actual black and white or
colour “thermal map” of the tree area studied. The area where the
discontinuity is, generally has a lower surface temperature than the
undamaged area.

For this non invasive investigation, any IR camera can be used.
It has to work in any wavelength interval in the thermal infrared band.
Such camera has to have high geometric resolution and thermal
sensitivity and be able to visualise the images of the area filmed on a
monitor. It is necessary that the images be stored so that they can be
used to assess the progress of the phenomenon. To this aim, the best
support is the one that allows the possibility to process the thermal
images on a computer at a later time.

2.  Materials and Methods

Over the years, various apparatuses which worked both in the 2.5-
5.6um and the 8-14pum wavelength intervals have been used. Figure 2
presents an image taken with an AGA THV 680 thermograph of the
1970s which works in the 2.5-5.6um interval. Even though the image
quality is slightly inferior to that obtained with modern cameras, the
phenomenon is anyway perfectly shown. The system currently
available is a mobile AVIO TVS 610 camera which is sensitive in the
8-14pm wavelength interval. It has a geometric resolution of 1.4mrad
and thermal sensitivity of 0.1°C at room temperature. The sensor is
made up by a 320x240 microbolometers matrix which doesn’t need to
cool down. It is also able to measure the surface temperature of the
objects under investigation. The sensor, the commands, and the 5’
display on which the thermal image appears in real time are gathered
in a single apparatus which is slightly bigger than a common camera.

! Where it is possible to find an exhaustive list of references (mostly in Italian) on the subject.



The camera equipped with a battery which allows up to 4 hours of
continuous functioning only weighs 3kg, all included. Only 1-2 people
are needed for the investigation, thanks to the manoeuvrability of the
camera which can be fixed to a normal tripod. With the AVIO system,
thermal images can be stored with a mobile videocassette recorder or
stored onto a PCMCIA Compact Flash card (a 10Mb card can contain
50 images) so that they can be transferred onto a computer to be
processed and transformed in bitmap images through a purpose-built
software. The system used can provide the black and white or colour
thermal image of the area under investigation; it is possible to rework
the thermal image of the entire tree by using a normal image
processing software. A reference scale present only on original black
and white or colour images (*.iri) allows to immediately assess the
differences in temperature present.

In black and white images, the existence and size of the possible
damage are shown by the presence and size of an area presenting a
generally darker shade of grey than the surrounding area. In colour
images, the damage is revealed by an area showing a colour different
from the surrounding one.

The investigation is carried out by pointing the lens to the
chosen tree from the ground and assessing the images of the various
areas filmed. Damage is present where there is a thermal discontinuity
not justified by surface damage of the trunk or bark. Also the aerial
parts of the tree can be assessed from the ground, since the appropriate
filming distance is up to 20-25m: at greater distances the operator runs
the risk of failing to detect small damage. The investigation proves
quick and totally harmless for the plant. There is not the possibility to
distinguish the presence of a cavity from damaged tissue, in fact the
system only spots the presence of damage.

In order to avoid wrong results, sun-drenched parts are not to be
filmed, since the sun tends to cancel the difference in temperature
between the damaged and undamaged parts by heating the tree
surface. For the same reason, the apparatus cannot be used with
temperatures below zero: anyway studies have successfully been
carried out with temperatures between +2°C and +35°C. Also the
presence of moisture on the tree surface alters resuits, since water



itself is shown in black in black and white images and in a colour
different from the one of dry areas in colour thermograms.

The shades of grey or the colours different from the surrounding
ones are not all due to the presence of cavities. The apparatus only
“sees” the tree surface, that is why before performing the measure, the
operator has to see if the bark presents surface damage, such as
abrasions, decortications, callus of cicatrization, which are shown in a
colour different from the rest of the bark, and could cause the measure
to be imprecise.

When the operator observes a tree belonging to a species that he
or she has never investigated before, he or she has to see what the
thermal image of the bark looks like. The furrowed barks of horse
chestnut tree or cedar are shown differently from a bay-tree bark
which is usually smooth.

An expert in parks and gardens or a user of this system having a
minimum experience can anyway detect by the naked eye the
characteristics of the bark and the presence on the tree of possible
surface alterations and thus assess their possible impact on the thermal
image.

3. The Thermal Investigation
The images, which show the reliability and the user-friendliness taken
during some studies are shown hereafter.

The photograph in figure 1 shows a badly damaged casuarina
(Casuarina sp.). Both the imposing branches cracked down above the
fork and only small branches support the leaves. The black and white
thermography in figure 2, which was taken in 1990 with an AGA
THYV 680 thermal scanner shows a huge, greatly damaged area. Such
area is shown in dark grey, and goes from below the fork towards the
two stumps present. To a closer inspection, made to assess the
damage, the two stumps have resulted to be hollow: in the right one, a
tawny howl (Strix aluco) had nestled. It was deemed appropriate to cut
down the tree, but before any measure could be taken, a violent storm
made the tree crack down, and only the stump shown in figure 3 was
left.



The photograph in figure 4 shows a bay-tree (Laurus nobilis)
which only presented small cavities at the trunk base. The collage
(figure 5) of three thermograms taken from the position shown by the
red arrow in figure 4 shows the presence of huge damage, given in
dark blue, which goes up the trunk. The red and yellow areas at the
trunk base are sun-drenched and thus, as already stated, they do not
provide for any information on the conditions of the underlying tissue.
The tree has been cut down, and in the figures following it is possible
to see the situation found when the trunk has been sectioned. The
photograph in figure 6 pinpoints the condition of the trunk base: the
thin white metal probe shows that the two openings, indicated by the
white arrows in figure 4, are communicating and that the base presents
a huge cavity which moves upwards. In figure 7, two logs are visible.
Such logs clearly show the damage in the upper part of the trunk,
whereas figure 8 shows the cross section of a log of the lower part of
the trunk, where barrier zones are clearly visible.

In the photograph in figure 9, the base of another bay-tree and a
stump showing two cavities in the cutting surface, in the foreground
are visible; on the left an old stump with partially rotten tissue can be
seen. The trunk doesn’t present any sign of damage if not a small
opening at the base on the side near the stump in the foreground. The
probe visible in the photograph has been inserted in the above-
mentioned opening, into which it penetrated 10cm. Such cavity can be
seen in figure 11, indicated by the arrow. The thermography in figure
10 shows that the entire trunk base shown in dark blue is damaged as
most of the stump opposite to it is, whereas the damage narrows as it
goes up the trunk (light blue and yellow-green). The damage in the
stump in the foreground is not homogenous: the tissue surrounding the
cavity in the foreground has the same yellow-green colour as the least
damaged part of the trunk. A quick inspection of the damage present
has been made by inserting the metallic probe (figures 9, 10 and 11) or
a bent metallic probe in the holes present. The size of the cavity in the
trunk and the damage in the stump in the foreground has thus been
confirmed. The probe has penetrated SOcm in the cavity near the trunk
(figure 9), whereas it penetrated only 10-odd cm in the cavity towards
the observer. In order to have another confirmation of what had been
detected through the thermography, a core has been extracted with a



Pressler auger at 50cm from the ground. The assessment of the core,
the photograph of which is shown in figure 12, has confirmed the
presence and size of the damage.

The photograph in figure 13 shows an imposing lime tree (7ilia
sp.) which shows a long and deep fracture at the base and a cavity
along a branch. Figure 14 shows the collage of thermographies from
which it is possible to detect the presence of big damage, which goes
from the base to the fork and affects the branches, especially the two
towards the observer (green and yellow-green). Both the fracture at
the base, and the cavity along the branch are given in blue, and light-
blue. A closer analysis of the image allows to spot the damage that
mostly affects the left side of the trunk and some areas at the base and
is largely present at the fork. The areas where the tissue is still
undamaged are given in yellow and orange. The verification of the
damage, carried out by inserting a metallic probe in the openings
present, has confirmed the size of the damage and shown that the two
cavities are communicating.

In figure 15 an example of a reference scale from which it is
possible to detect the difference in the temperatures present in the
thermal images is shown. Whatever the interval chosen, the
temperatures go from the coldest, bottom, to the warmest, top. The
coldest area is always given in blue, and the warmest in light pink.

Figure 16 shows the thermography of an undamaged plant: it is
the portion of a gingko (Gingko biloba). 1t is possible to notice that the
colour distribution on the trunk surface is homogeneous, the light blue
streaks are due to deep chinks on the bark, which characterise this
species.

4.  Conclusions

The capacity of the apparatus to provide for the images of the
relevant damage, together with fastness and reliability of the
investigation and its harmlessness for plants and man are peculiar
characteristics of thermography. These characteristics offset the
disadvantage of the relatively high cost of the apparatus and the initial
difficulty in the assessment of thermal images. Moreover, the absolute
non invasiveness of the apparatus doesn’t aggravate or spread damage
already present in the plant, since it doesn’t cause or favour the
penetration of pathogens into the tree.



Thermography allows to spot the presence of damage that
cannot be seen from the outside and is at its initial stage, thus allowing
an early diagnosis and the monitoring of the tissue conditions over the
years and without damaging the tree. It has to be noticed that this
system cannot detect the type of damage (rotten tissue or cavity), nor
the agent which produced it, just like all the non invasive systems. The
system is anyway greatly useful, because it allows the use of an
invasive method of investigation only in the points where the damage
has been detected, and not thoughtlessly. Thanks to this method the
investigation time is shortened, and the main fact is that an
undamaged or a little damaged tree is not unduly damaged.

The technique can be applied only if there exists a thermal
difference between the undamaged and the damaged tissue, thus the
system only works with living plants. Both the undamaged and
damaged tissue of dead trees, poles and timber do not present any vital
function, and therefore the differences in temperature do not exist.

The user-friendliness and possibility to assess huge portions of
the tree as well as its aerial parts make the investigation quick and
appropriate to be carried out at the same time as the visual assessment
(VTA).

The possibility to store thermal images permits to follow the
possible development of the pathology over the years by simply
comparing them with the ones of the same tree portion taken at a later
time. Therefore it is possible to establish with certainty where and
when it is necessary to take measures.

The system provides a valid contribution for the assessment of
the health conditions of trees, in order to correctly manage and
maintain parks and gardens.



