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(54) THERMOGRAPHIC IMAGING SYSTEM

(57) A thermographic imaging apparatus, compris-
ing a thermographic image input and an analysis module
for analysing one or more thermographic images of an
area of interest according to predetermined criteria, the
apparatus including an image processing module (14)
configured to generate a two-dimensional image mesh
(16) comprised of a plurality of segments defined by a
plurality of interconnected image points, and superim-
pose said mesh (16) on a displayed thermographic image
(10), said mesh (16) being adjustable by a user by se-
lectively moving one or more of said image points relative
to said image (10), wherein segments of said mesh can
be individually selected by a user so as to select a cor-
responding portion of said area of interest and data rep-
resentative of the location within said area of interest of
said selected portion communicated to said analysis
module, said analysis module being configured to
change said predetermined criteria in respect of said se-
lected portion to be used in said analysis.
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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to a thermo-
graphic imaging system and, more particularly but not
necessarily exclusively, to an apparatus and method for
imaging and analysing selected areas of a thermographic
image.

BACKGROUND

[0002] Thermographic imaging is used in many differ-
ent fields. For example, maintenance technicians use
thermography to locate overheating joints, and power
lines, which are a sign of impending failure. Building con-
struction technicians use thermography to identify heat
leaks in faulty thermal insulation and can use the results
to improve the efficiency of heating and air-conditioning
units. Furthermore, some physiological changes in hu-
man beings and other warm-blooded animals can be
monitored with thermal imaging during clinical assess-
ment and diagnostics. For example, thermography can
be used for breast screening, allergy detection, and in
veterinary use.
[0003] Thermographic cameras detect radiation in the
infrared range of the electromagnetic spectrum (roughly
9 - 14mm) and produce images of that radiation. The
amount of radiation emitted by an object increases with
temperature; therefore, thermography allows one to see
variations in temperature and, when viewed through a
thermal imaging camera, warm objects or areas stand
out well against cooler backgrounds.
[0004] Thermographic image processing systems can
be used to receive a thermographic image of a predeter-
mined area of interest and identify portions or objects
therein having a temperature above a predetermined
threshold, for example. That threshold is set within the
analysis software and applied indiscriminately to the
whole area of interest, or to pre-programmed sections of
the image associated with a threshold value or other pre-
determined analysis parameter.
[0005] However, a problem arises if accurate analysis
of the area of interest necessitates the changing of a
parameter within the analysis software in respect of just
a small portion of the area of interest. For example, con-
sider the case where a thermographic image processing
system is being used to perform thermal analysis in re-
spect of an area of interest which includes a number of
pre-programmed sections, and each section is assigned
some predetermined temperature threshold, or other
thermal analysis parameter, against which the required
thermal analysis of a respective section is performed.
This process works well if the analysis parameters for all
sections of an area of interest remains the same. How-
ever, there are circumstances in which it might be known,
or suspected, that a particular problem, or other definitive
factor, exists within a small portion of one section, in

which case it may be highly desirable to be able to dy-
namically change the analysis parameters for a small,
selected portion of a particular section of the area of in-
terest without changing the analysis parameters for the
remainder of that section, and also to be able to perform
this process, using the same thermographic image
processing system, in respect of multiple different areas
of interest, each of which may have different portions of
different sections which are known or suspected to have
a particular issue associated therewith. Current thermo-
graphic imaging systems do not effectively facilitate this
level of flexibility and utility.
[0006] Thus, it is an object of aspects of embodiments
of the present invention to address at least some of these
issues.

STATEMENTS OF INVENTION

[0007] In accordance with an aspect of the present in-
vention, there is provided a thermographic imaging ap-
paratus, comprising a thermographic image input and an
analysis module for analysing one or more thermograph-
ic images of an area of interest according to predeter-
mined criteria, the apparatus including an image process-
ing module configured to generate a two-dimensional im-
age mesh comprised of a plurality of segments defined
by a plurality of interconnected image point, and super-
impose said mesh on a displayed thermographic image,
said mesh being adjustable by a user by selectively mov-
ing one or more of said image points relative to said image
so as to define said area of interest by the area of the
mesh on said image, wherein segments of said mesh
can be individually selected by a user so as to select a
corresponding portion of said area of interest and data
representative of the location within said area of interest
said selected portion communicated to said analysis
module, said analysis module being configured to
change said predetermined criteria in respect of said se-
lected portion to be used in said analysis.
[0008] In one exemplary embodiment, the mesh may
include at least one segment enclosed therein which is
independently adjustable relative to the other of said seg-
ments, optionally by means of a plurality of image points
defining said segment, each of said image points being
moveable.
[0009] The predetermined criteria may comprise a plu-
rality of predetermined threshold values, each of which
is associated with a respective mesh segment. The ther-
mal analysis module may be configured to reduce the
respective predetermined threshold value associated
with each selected mesh segment.
[0010] The analysis module may be configured to de-
termine a temperature difference between each area of
a first thermographic image associated with a respective
mesh segment with the corresponding area of a second
thermographic image of the same area of interest cap-
tured from substantially the same viewpoint and at a dif-
ferent time, and generate a value representative of said
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temperature difference for each segment. The predeter-
mined criteria may comprise temperature difference val-
ues, each assigned to a respective segment, and said
thermal analysis module is configured to compare, for
each segment, the generated temperature difference
with the respective predetermined temperature differ-
ence value, and provide an indication of a result of said
comparison. The respective predetermined temperature
difference value may, in one exemplary embodiment, be
reduced for each selected mesh segment.
[0011] Another aspect of the invention extends to a
method of processing one or more thermographic images
of an area of interest according to predetermined criteria,
the method comprising generating a two-dimensional im-
age mesh comprised of a plurality of segments defined
by a plurality of interconnected image point, superimpos-
ing said mesh on a displayed thermographic image, said
mesh being adjustable by a user by selectively moving
one or more of said image points relative to said image
so as to define said area of interest by the area of the
mesh on said image, selecting one or more segments of
said mesh so as to select a corresponding portion of said
area of interest, communicating data representative of
the location within said area of interest communicated to
said analysis module, changing said predetermined cri-
teria in respect of said selected portion, and analysing
data representative of each portion of said area of interest
defined by a respective mesh segment against the pre-
determined criteria assigned thereto to generate an out-
put.
[0012] Yet another aspect of the invention extends to
an image processing and analysis module for apparatus
according to any of claims 1 to 8, said module being con-
figured to generate a two-dimensional image mesh com-
prised of a plurality of segments defined by a plurality of
interconnected image point, superimpose said mesh on
a displayed thermographic image, said mesh being ad-
justable by a user by selectively moving one or more of
said image points relative to said image so as to define
said area of interest by the area of the mesh on said
image, wherein segments of said mesh can be individu-
ally selected by a user so as to select a corresponding
portion of said area of interest and data representative
of the location within said area of interest of said selected
portion communicated to said analysis module, and
change said predetermined criteria in respect of said se-
lected portion to be used in said analysis.
[0013] These and other aspects of the invention will
become apparent from the following detailed description.

DETAILED DESCRIPTION

[0014] Embodiments of the present invention will now
be described by way of examples only and with reference
to the accompanying drawings, in which:

Figure 1 is a schematic block diagram illustrating
some of the principal components of a thermograph-

ic imaging system according to an exemplary em-
bodiment of the present invention;

Figure 2 is a diagrammatic illustration of a two-di-
mensional mesh that may be generated by the ther-
mal analysis module in apparatus according to an
exemplary embodiment of the present invention;

Figure 3 is a flow diagram illustrating some of the
steps of a thermographic imaging method according
to an exemplary embodiment of the present inven-
tion; and

Figure 4 is a flow diagram illustrating some of the
additional steps of a thermographic imaging method
according to an exemplary embodiment of the
present invention.

[0015] In a typical thermographic analysis process, it
is known to compare two or more thermographic images
in order to identify aspects of specific concern that might
indicate a defect or warrant further investigation. In many
cases, the two or more thermographic images may be:

a) of the same area of interest, captured from the
same interest, at different times: for example, before
and after a predetermined cooling period; or
b) of similar areas of interest (in respect of different
subjects), captured from the same viewpoint and at
the same time.

[0016] It will be appreciated that, as the fields in which
thermographic analysis can be used are numerous, so
are the so-called "areas of interest" that may be required
to be analysed. For example, the area of interest may
comprise a component or group of components in an
industrial machine, in which persistent "hotspots" may
indicate a problem or imminent mechanical failure. How-
ever, for the purposes of the following description, an
exemplary embodiment in relation to human breast
screening will be described, although it will be understood
by a person skilled in the art that the principles described
herein are equally applicable to thermographic analysis
in other, non-medical fields, and the present invention,
in its broadest context, is not necessarily intended to be
limited in this regard.
[0017] Thus, for the purposes of describing one exem-
plary embodiment of the present invention, a thermo-
graphic camera (reference numeral 1 - Figure 1) is used
to capture a first thermographic image of a subject’s tho-
rax or chest, including the breasts, from a specified view-
point, and a second thermographic image of the same
subject’s thorax from the same viewpoint after a prede-
termined cooling period, e.g. 10 minutes.
[0018] It will be well known to a person skilled in the
art that thermographic images depict the captured image
in terms of colours representing temperatures or temper-
ature ranges of each element of the subject. In general,
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the colours range from red, showing the highest temper-
atures, to dark blue showing the lowest temperatures,
through a spectrum progressively depicting intermediate
temperatures between the highest and lowest. Thus, the
resultant "image", rather than depicting a visual or optical
representation of the subject area, actually represents
the subject area in terms of its thermal (rather than visual)
properties. The resultant image may also be converted
into grey scale for some applications, although the dis-
tinction is not of fundamental importance for the purposes
of this description. Thus, references herein to thermo-
graphic images is intended to cover colour and/or grey
scale images captured using a thermographic camera,
and the present invention is not intended to be any further
limited in this regard.
[0019] Referring now to Figure 1 of the drawings, a first
10 of the captured images is displayed to a user on a
computer monitor 12, and an image processing module
14 generates a two-dimensional image mesh 16 and su-
perimposes the mesh onto the image 10. The mesh 16
is intended to be a skeletal general representation of the
area of interest, in terms of its shape, and configured to
allow a user to adjust its profile so as to exactly fit the
shape of the subject area of interest.
[0020] Thus, as shown in Figure 2 of the drawings, the
mesh 16 for this particular exemplary embodiment of the
invention is generally circular in shape and comprises an
outer circle and three concentric inner circles, of progres-
sively smaller diameter. Overall, it can be seen that the
mesh is of a configuration that has the general appear-
ance of a female breast, with the two inner circles 18, 20
being representative of the areola and nipple respective-
ly. The portion of the mesh between the "areola" and its
periphery is divided into 32 segments 22 by equi-distant
radial connecting lines. Where each connecting line
meets the "areola" 18 and the outer circle, an image point
or "handle" is defined, which is a point on the mesh that
can be selected and moved or dragged by the user in
order to adjust the size and shape of the mesh to the
exact size and shape of the subject breast and, crucially,
also drag and shape the "areola" to ensure that it exactly
matches the areola of the subject breast and that the
nipple portion 20 is correctly placed within the superim-
posed image.
[0021] Once the mesh 16 has been correctly adjusted
to match the subject area of interest, the analysis process
can begin. In general, part of the analysis process in this
case involves a comparison of the temperature in each
segment of the subject area (defined by the positioning
of the superimposed mesh) against:

a) the same segment of the same breast before and
after cooling;
b) the same segment of the other breast, at the same
time (either before or after cooling).

[0022] Thus, what is being measured and compared
is a change or difference in temperature, referred to here-

in as Δ (delta) T.
[0023] Depending on the field to which the present in-
vention is being applied, the "normal" delta T would rep-
resent the expected change or difference in temperature,
and a predetermined threshold for delta T is set for each
segment of the subject area that represents this value,
within a predetermined tolerance range.
[0024] In this exemplary embodiment of the invention,
delta T represents the change in temperature of each
segment of the same breast before and after the cooling
period. Thus, referring to Figure 3 of the drawings, under
normal circumstances, the analysis module operates as
follows:

1. Determine delta T for each segment of each mesh
(left and right) (step 101)
2. Compare each delta T with a predetermined
threshold value, e.g. 2°C (step 102)
3. Identify segments of the breast for which delta T
is less than the predetermined threshold value
("hotspots"), i.e. those segments of the breast that
have not cooled by at least 2°C during the cooling
period (step 103); and
4. Provide a visual display of the location and status
of at least any identified "hotspots" (step 104).

[0025] The thermographic images have the ability to
depict vascular patterns, i.e. patterns of blood vessels
within the breast. These can be clearly seen within the
images themselves. Thus, it is possible, assessing the
images, to identify the location of abnormal vascular pat-
ters. Abnormal vascular patterns include the following
indicators:

• Bulge or edge sign
• Disturbed asymmetrical vascular pattern
• Vascular fragmentation
• Inferior vascularity
• Loop vascular pattern
• Transverse vascular pattern
• Spike/inverted "V" vascular pattern
• Vascular spider/star vascular pattern
• Inflammatory vascular pattern
• Vascular chaos

[0026] Some of these indicators may have character-
istics that are immediately identifiable, others are identi-
fiable by differences between the vascular patterns in the
right and left breast (which are expected to be substan-
tially "symmetrical"). They may be identifiable by image
recognition techniques within the analysis module, but in
its simplest form, they may simply be identified by a user’s
visual assessment of the thermographic images provided
at the start of the process.
[0027] Either way, if an abnormal vascular pattern is
identified, it is desirable to be able to change the threshold
of delta T for the segments affected, so as to ensure that
any "hotspots" overlapping an abnormal vascular pattern
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are reliably identified. Depending on the abnormality
identified, one or more individual segments or quadrants
may be affected, or half or all of the breast may be af-
fected. Exemplary embodiments of the invention, enable
the affected segments within the mesh to be selected on
the screen as required, to identify the affected areas of
the breast. In exemplary embodiments of the present in-
vention, where the vascular analysis is performed auto-
matically, such selection may also be performed auto-
matically based on the analysis results. However, once
again, in its simplest form, where a user has identified
the location of any abnormal vascular patterns, the sys-
tem may be configured to enable the user to select the
affected areas by selecting the respective areas of the
mesh on the screen by pointing and clicking with their
computer mouse or other input device (e.g. stylus or fin-
ger for touch screen monitors).
[0028] Once selected segments of the subject area
have been selected, data representative thereof is used
by the analysis module to change the delta T threshold
for just those segments before running the thermal anal-
ysis. In one exemplary embodiment, for example, the
threshold may be reduced from 2°C to 1°C. However,
these values are very specific to the field in which the
invention is being used, and the present invention is not
necessarily intended to be limited in this regard.
[0029] In addition, a subject may have identified a po-
tential issue in a particular location of a breast, for exam-
ple a lump or discomfort, and if this is the case, the user
may wish to reduce the delta T threshold for that area.
Once again, the associated segments of the mesh can
be selected so as to change delta T for the thermal anal-
ysis in relation to the areas associated with the selected
segments.
[0030] Thus, referring to Figure 4 of the drawings, a
more complex analysis method according to an exem-
plary embodiment of the invention comprises the follow-
ing steps:

1. Determine delta T for each segment of each mesh
(left and right) (step 201)
2. Determine which, if any, segments of the mesh
are selected (step 202).
3. Change the predetermined threshold value for just
the selected mesh segments (step 203).
4. Compare delta T for each mesh segment with its
predetermined threshold value (step 204).
5. Identify segments of the breast for which delta T
is less than the predetermined threshold value
("hotspots"), i.e. those segments of the breast that
have not cooled by at least the set threshold value
during the cooling period (step 205); and
6. Provide a visual display of the location and status
of at least any identified "hotspots" (step 206).

[0031] In one exemplary embodiment, the threshold
value for each selected segment is changed from a de-
fault value to another predetermined threshold value.

However, in alternative exemplary embodiments, when
one or more segments of the mesh is selected, the user
may be given two or more options as to what the threshold
value should be changed to, and may even be given the
opportunity to enter their own threshold value in some
embodiments.
[0032] Embodiments of the present invention have a
number of advantages, compared with the prior art, which
include:

• The ability to dynamically change the threshold val-
ue(s) within the thermal analysis module by selecting
potential areas of concern by selecting one or more
segments of an adjustable mesh which is superim-
posed on a thermographic image of the subject area.

• The provision of an adjustable mesh, which has ar-
eas within it that can be independently adjusted. In
the specific exemplary embodiment described
above, the area of the mesh representative of the
areola can be independently adjusted within the
body of the mesh to exactly match that of the ther-
mographic image on which it is superimposed, there-
by significantly increasing the accuracy of the sub-
sequent thermal analysis.

[0033] It will be apparent from the foregoing description
that modifications and variations can be made to the de-
scribed embodiments without departing from the scope
of the invention as claimed.

Claims

1. A thermographic imaging apparatus, comprising a
thermographic image input and an analysis module
for analysing one or more thermographic images of
an area of interest according to predetermined cri-
teria, the apparatus including an image processing
module configured to generate a two-dimensional
image mesh comprised of a plurality of segments
defined by a plurality of interconnected image point,
and superimpose said mesh on a displayed thermo-
graphic image, said mesh being adjustable by a user
by selectively moving one or more of said image
points relative to said image so as to define said area
of interest by the area of the mesh on said image,
wherein segments of said mesh can be individually
selected by a user so as to select a corresponding
portion of said area of interest and data representa-
tive of the location within said area of interest of said
selected portion communicated to said analysis
module, said analysis module being configured to
change said predetermined criteria in respect of said
selected portion to be used in said analysis.

2. Apparatus according to claim 1, wherein said mesh
includes at least one segment enclosed therein
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which is independently adjustable relative to the oth-
er of said segments.

3. Apparatus according to claim 2, wherein said mesh
includes at least one segment enclosed therein
which is independently adjustable relative to the oth-
er of said segments by means of a plurality of image
points defining said segment, each of said image
points being moveable.

4. Apparatus according to any of the preceding claims,
wherein said predetermined criteria comprise a plu-
rality of predetermined threshold values, each of
which is associated with a respective mesh segment.

5. Apparatus according to claim 4, wherein said thermal
analysis module is configured to reduce the respec-
tive predetermined threshold value associated with
each selected mesh segment.

6. Apparatus according to any of the preceding claims,
wherein the analysis module is configured to deter-
mine a temperature difference between each area
of a first thermographic image associated with a re-
spective mesh segment with the corresponding area
of a second thermographic image of the same area
of interest captured from substantially the same
viewpoint and at a different time, and generate a val-
ue representative of said temperature difference for
each segment.

7. Apparatus according to claim 6, wherein said prede-
termined criteria comprise temperature difference
values, each assigned to a respective segment, and
said thermal analysis module is configured to com-
pare, for each segment, the generated temperature
difference with the respective predetermined tem-
perature difference value, and provide an indication
of a result of said comparison.

8. Apparatus according to claim 6 or claim 7, wherein
the respective predetermined temperature differ-
ence value is reduced for each selected mesh seg-
ment.

9. A method of processing one or more thermographic
images of an area of interest according to predeter-
mined criteria, the method comprising generating a
two-dimensional image mesh comprised of a plural-
ity of segments defined by a plurality of interconnect-
ed image point, superimposing said mesh on a dis-
played thermographic image, said mesh being ad-
justable by a user by selectively moving one or more
of said image points relative to said image so as to
define said area of interest by the area of the mesh
on said image, selecting one or more segments of
said mesh so as to select a corresponding portion
of said area of interest, communicating data repre-

sentative of the location within said area of interest
communicated to said analysis module, changing
said predetermined criteria in respect of said select-
ed portion, and analysing data representative of
each portion of said area of interest defined by a
respective mesh segment against the predeter-
mined criteria assigned thereto to generate an out-
put.

10. A method according to claim 9, wherein said mesh
includes at least one segment enclosed therein
which is independently adjustable relative to the oth-
er of said segments, and optionally wherein said
mesh includes at least one segment enclosed there-
in which is independently adjustable relative to the
other of said segments by means of a plurality of
image points defining said segment, each of said
image points being moveable.

11. A method according to claim 9 or claim 10, wherein
said predetermined criteria comprise a plurality of
predetermined threshold values, each of which is as-
sociated with a respective mesh segment, and op-
tionally comprising the step of reducing the respec-
tive predetermined threshold value associated with
each selected mesh segment.

12. A method according to any of claims 9 to 11, com-
prising the steps of determining a temperature dif-
ference between each area of a first thermographic
image associated with a respective mesh segment
with the corresponding area of a second thermo-
graphic image of the same area of interest captured
from substantially the same viewpoint and at a dif-
ferent time, and generating a value representative
of said temperature difference for each segment.

13. A method according to claim 12, wherein said pre-
determined criteria comprise temperature difference
values, each assigned to a respective segment, and
the method comprises the steps of comparing, for
each segment, the generated temperature differ-
ence with the respective predetermined temperature
difference value, and providing an indication of a re-
sult of said comparison.

14. A method according to claim 12 or claim 13, wherein
the respective predetermined temperature differ-
ence value is reduced for each selected mesh seg-
ment.

15. An image processing and analysis module for appa-
ratus according to any of claims 1 to 8, said module
being configured to generate a two-dimensional im-
age mesh comprised of a plurality of segments de-
fined by a plurality of interconnected image point,
superimpose said mesh on a displayed thermo-
graphic image, said mesh being adjustable by a user
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by selectively moving one or more of said image
points relative to said image so as to define said area
of interest by the area of the mesh on said image,
wherein segments of said mesh can be individually
selected by a user so as to select a corresponding
portion of said area of interest and data representa-
tive of the location within said area of interest of said
selected portion communicated to said analysis
module, and change said predetermined criteria in
respect of said selected portion to be used in said
analysis.
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