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Multimodal medical imaging and analyzing system, method and server

Background of the invention

Diabetes causes many health concerns and physical implications with patients
diagnosed with it, and many patients remain undiagnosed as well. Obesity is one
characteristic for patients, and also blood circulation disorders are common. In
limb areas, such as legs, the blood circulation may be weakened and as a result of
that, touch sensitivity may be reduced, and there is a risk to obtain diabetic lesions
on the skin. At a worse case, the blood circulation may diminish in the legs to an
extent, where there is a risk to leg damage, and even more severely, a risk of
need for an amputation remains there if the blood circulation is functioning very
badly for a long time.

The temperature of the surface of the leg skin, and its inner tissue is of outermost
importance in this regard. Traditionally, the temperature values and possible dif-
ferences between the two legs have been examined through palpation, where the
nurse or doctor performs a manual and subjective examination by holding and
sensing the legs by the nurse’s or doctor’s hands. Such a manual method is quite
inaccurate, and the results also depend heavily on the temperature of the nurse’s
or doctor’s own hands.

Another traditional method is to use a thermometer for performing a skin surface
temperature measurement on the leg tissue, and by choosing the measurement
spots on various surface locations in order to obtain a group of results, which re-
sults could afterwards be averaged. However, this method has the same problems
as the fever measurement in the armpit, and it is not an accurate measurement
method.

There are also numerous other diseases, which affect the skin surface and tissue
temperatures especially in the limbs of the human patient. These diseases com-
prise neurological diseases or disorders associated with Charcot, the French neu-
rologist, such as Charcot-Marie-Tooth disease. Also joint inflammation, erysipelas,
Raynaud syndrome, peripheral arterial block etc. causes local temperature chang-
es.

Among patent publications, US 8,923,954 ("Herman”) discloses a thermal full-body
measurement system for detecting skin lesions and even possible skin cancers
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along the whole human skin area. The presented tracking system scans the whole
body starting from the top and going downwards. It comprises thermal infrared
cameras, and also regular white-light cameras, in separate linear arrangements of
the scanning frame. Thermal and regular images are captured and interesting are-
as may be picked and forwarded into a further analysis. This publication applies
thermodynamic models, which correspond to various types of notable skin chang-
es or skin cancers.

US 8,971,984 discloses an IR optical scanner, which is used to examine feet of a
diabetic patient, for instance. The IR scan reveals the outer edges of the leg, and
e.g. the height and curvature of the plantar arch. This method also performs a
stress test for the leg to be examined.

US 8,918,162 captures thermal IR images from the face of the person o be exam-
ined. They can be taken in a 3-dimensional mode oblaining images from various
directions of the human face. Surface temperatures in different places of the hu-
man face can be detected and mapped. Changes in the temporally placed se-
quence of subsequent images are searched, and the magnitude of the changes
can be examined as well, in order fo determine a psychological state of the exam-
ined person.

EP 1250088 discloses a joint and tissue examination method, which applies sev-
eral various sensors. There is a glossmeter which is a light-sensitive sensor ob-
serving the color of the skin. Furthermore, there is a8 handheld pressure probe (a
dolorimeter}, which detects the pain threshold of the examined area. Furthermore,
there is performed a temperature measurement through IR sensors. The resultis a
calculated estimate of an inflammation value, which can be compared {0 a set
threshold value. Diabetes nerve damage has been generally mentioned as an ex-
ample of the examined situation within the patient.

Fluke Corporation has presented a concept calied “Fuke IR-Fusion Technology”.
Their apparatus is a handheld measurement ool for checking various structures
and locations within buildings i order o find thermal leak spots in them. The {ool
has a grip and a display where the optical image is shown. In the center of the op-
tical image, a part of the image space is iopped by an IR thermal image showing
the received thermal energies. The IR image is a reclangle fully inside the edges
of the optical image. Fiuke's patent US 7,538,326 (“Johnson”) discloses such a
visible light and IR combined image camera with a laser pointer.
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Furthermore, US 9,413,988 ("Heinke”) discioses a thermal imaging camera with
graphical temperature plot creation, as well. In other words, this device can also
create a temperature data graph as a function of time based on the measure-
ments, and based on a selected spot on the image. In some momenis when a
termperature is measured, also a thermal IR image is taken and stored.

US 8,240,812 ("Schreher”) discloses a multi-zone non-contact spot thermometer,
which measures lemperatures with infrared spot deteciors. There are two differant
measurement zones within a targel scene, which differ in sizes between one an-
other. it seems that no visible light image is combined with the {R images.

Regarding physical gantry systems and camera arrangements for seff-monitoring
of the legs, US 2016/0183879 ("Goldish™} presenis a system for screening skin
condition on tissue damage. This can be used as a remote measurement device
applicable e.g. at the home of a patient. Goldish presents a physical foot holder
structure (see Figures 1A-B and 2-3) where a camera (like a smart phong} can be
adjusied o take photographs of the feet of the patient, and the user may observe
the images on a tablet or screen aftached to the structure or by a separate com-
puter. Goldish may be set to photograph the foot from different directions around it
{Figures 4-5). The apparatus can be arranged for both feet. A manual operation is
possible with a selfie stick kind of arrangement, and also the camera can be
placed in the end of a flexible rubber-like stem for imaging the back of the patient.
Both an optical and an IR image can be taken either separately or by adjacent cor-
responding cameras simuitaneously. A microbolometer based thermal camera or a
group of IR thermal sensors, ir. infrared imagers, can be used. The IR image can
be placed on top of the oplical still image. There is mentioned a combinatory cam-
era capable of taking and combining the optical photograph and the thermal IR
image with a single device. The still photograph may reveal possible color chang-
es present on the fool skin marking a possible lissue damage, and the rest ena-
bles the image o be faken from a non-pressed foot skin, So-called false positive
results are eliminated in Goldish, which means that in order to determine a diabet-
i¢ skin damage on a patient’s skin, the optical camera must indicate a visible skin
damage and the thermal camera must indicate a lemperature difference in relation
to the adiacent healthy skin within the skin damage area. Regarding the move-
ments of the cameras, even a manual option is possible and a movement path
obtained by a frame structure is shown in Figures 8A-B. One option is to move a
single camera on a half-spherical track "2707 either by & motor or manuaily by ro-
tating a cable-driven camera with a crank. Stationary cameras “240a-d” can even
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be used. There is a supplemeniary camera "250 between the ankles of the patient
where the direction of the camera can be pointed to two directions depending on
which foot is imaged at the time. Finally, mirrors fixed in the support structure are
shown in Figure 4 of Goldish,

As the main problem in prior art, there has not been presented any solution which
would perform an accurate temperature measurement of the leg surface tempera-
tures of the patients suffering for instance from diabetes. Furthermore, there has
not been discussed a comprehensive analytics tool for the various temperature
measurements utilizing previous measurements, or in wider sense, “big data”.
There is thus a clear need for an advanced method for giving accurate and helpful
tools for the doctors in order to reveal some early signs of the problems within the
feet or other body parts of patients.

Summary of the invention

The present invention introduces a method and a corresponding arrangement for
imaging a leg or legs, or a desired part of them, of a human patient with an infra-
red imaging method, and especially obtaining surface temperatures along the skin
of the leg, and enabling visual representation of the results. The method can be
implemented with a computer program, which is executed in a processor, such as
in a regular PC connected with the measurement apparatus. A main target group
for the present invention is the significantly large group of diabetic patients world-
wide who suffer from various symptoms and side diseases and effects caused by
diabetes. With the presented method and arrangement, accurate images showing
the surface temperature distribution of the leg or the foot of a patient can be ob-
tained, and the obtained images can be effectively provided under the inspection
of a doctor for achieving a more accurate diagnosis for the current condition of the
feet. The best diagnostic results are obtained by giving the taken thermal images
of the leg(s) under human inspection made by a medical specialist, such as a doc-
tor.

Besides the human leg, the invention could be applied also in imaging some other
part of the human or animal tissue. For instance, the device could be used to im-
age a human arm either fully or partially, or an animal foot or paw.

A secondary target group for the invention is formed by people using leg prosthet-
ics equipment. Usually, this kind of usage results from an amputation process due
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to a severe injury or disease, and the end part of the remaining, living human leg
tissue and its blood circulation needs to be monitored in order to prevent further
damage in the human leg. The apparatus of the present invention is appropriate
for such a measurement purpose as well.

The inventive concept comprises a system, a method and a server with a software
for diagnosing existence and progression of diseases of patients by imaging and
mapping temperatures of human body parts, and analyzing differences between
human body parts and changes in view of time. In this regard, we refer to the
summarizing part in the end of the description, just before the advantages of the
invention.

The computer program can control and execute appropriate method steps of the
invention. The computer program may be stored in a dedicated medium suitable

for this purpose.

Brief description of the drawings

Figure 1a illustrates basic functional modules of the present invention, together
with a part of a human leg, which is the object under examination,

Figure 1b illustrates an artificial intelligence (Al) system operating in a cloud ser-
vice,

Figure 2 illustrates an example showing a human sole, which has been divided
into eight sub-areas for analysis purposes,

Figure 3 illustrates an embodiment where both legs of a patient are imaged, and
their results are compared between each other,

Figure 4 illustrates an embodiment, where a single leg of a patient is imaged, and
the obtained image is compared to an earlier image taken from the same leg of the
same patient,

Figure 5a illustrates an embodiment resulting to 3D modelling of an examined hu-
man part,

Figure 5b illustrates an embodiment revolving around automated analytics and big
data,

Figure 6a illustrates an embodiment discussing area analysis between differentiat-
ing temperature areas,

Figure 6b illustrates an embodiment discussing the cognitively learning system,
and
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Figure 7 illustrates a foot sole where three different temperature areas are visual-
ized during the foot analysis.

Detailed description of the embodiments

Figure 1a illustrates different functional modules and physical elements, together
with a human leg 10 lying on a support 11 which is the target of the examination.
The support 11 can be shaped or formed in such a form and aligned in such an
angle that the patient is able to rest his/her leg 10 in a fully relaxed position. Ins-
tead of a support, a resting platform or chamber can also be used in which the pa-
tient can rest on and place his/her leg in a horizontal position, or such a resting
platform for the leg where the leg can be placed on so that the patient sits right
next to the resting platform. The optical sensing means for visible light and for in-
frared light are essential in the invention, and these elements are an optical
camera 12 and an infrared camera 13. In one embodiment, there can be several
optical cameras 12 and/or several infrared cameras 13 movable in different locat-
ions around the examined leg 10. Furthermore, whether there are a single or a
plurality of optical cameras 12, the optical camera or cameras 12 can be moved
along a pre-specified route or routes. Also the IR camera or cameras 13 can be
moved along a pre-specified route or routes, which in an embodiment are the
same routes as the routes for optical camera(s) 12. The movements can be
enabled in practice by moving means 15 which can be implemented by a physical
route where the camera is able to move, such as a rail or a support or a gantry.
This structure or apparatus is combined with a processor or a controller 14, which
drives the cameras 12, 13 along the physical route in a controlled fashion. Alterna-
tively, the cameras 12, 13 can be fixed to a controllable support arm which can be
controlled like a robotic arm used in several manufacturing processes such as in
car factories. The controllable support arm may comprise a telescopically formed
arm where different arm sections can be placed as nested within one another.
Furthermore, the controller 14 is able to control the alignment angle of the arm
through a joint which is the connection point of the arm. Thus, in other words, the
optical 12 and infrared 13 cameras are separately moved with corresponding arm
structures around the limb or other part 10 of the patient, or the optical 12 and in-
frared 13 cameras are fixed together to a single arm structure in order to move
them around the limb or other part 10 of the patient as a combined camera unit.

In general, the processor / controller 14 acts as a data analysis unit.



10

15

20

25

30

35

WO 2018/158504 PCT/FI12018/050152

In an embodiment of the invention, the optical camera 12 can be controlled sepa-
rately by the controller 14, compared to the controlling of the IR camera(s) 13. In
an alternative solution, the optical camera 12 and the IR camera 13 can be placed
side-by-side to a common arm structure where the movement of the combined
camera structure can be driven by the controller 14.

In one embodiment of the invention, there are two different routes for the cameras
12, 13 where the two routes intersect orthogonally in front of the tip of the foot. An
example of the location of the intersection point 19 is shown in Figure 1a. In other
words, the first route can be a circular segment where the camera 12, 13 travels in
a horizontal path around the leg 10 in such a manner that the mid-point of the
route is the intersection point 19, locating along the axis formed by the shank, and
in front of the skin of the sole. The route or the camera path may be circular but
also an elliptical or other kind of a curved path is possible. The main principle is
that the distance between the camera 12, 13 and the closest skin section of the
leg 10 remains relatively constant during the orbital path of the camera 12, 13, but
the distance does not need to be exactly constant during the camera rotation
around the leg 10.

The second route can be created along a curved path which stays on a vertical
plane where the second route can intersect with the first route orthogonally in the
intersection point 19 in front of the middle of the sole. The second route can start
in front of the calf skin and rotate vertically towards the intersection point, and furt-
her on top of the leg. Of course the second route may be travelled in an opposite
direction, from the top to the calf side of the leg 10. Half of the route length may
locate below the level of the leg 10 and also below the intersection point 19, and
another half of the route locates on top of the level defined by the longitudinal axis
of the leg 10, which is then also above the intersection point 19. Depending on
how large section of the leg 10 is desired to be imaged, the end location of the
curved route may locate directly above the knee or on some other location above
the leg 10 between the ankle and the knee. The main principle in selecting the two
routes is to have a line-of-sight visibility to all parts of the skin surface area of the
leg 10 during at least some moment during the ”"scan”, when the cameras travel
along the two camera routes.

The support 11 shown in Figure 1a may of course physically restrict the line-of-
sight view from the camera 12, 13 to certain leg surface locations pointing towards
the support 11. One solution to this problem is to use a hanging strap suspended
from a structure locating above the leg 10 where the hanging strap may support
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the calf approximately from the middle of the calf. Then the physical support 11
beneath the leg 10 or heel can be removed. Another option is to let the patient
hold the leg 10 in a horizontal position while he/she stays in a sitting position, and
to perform the camera movements during the stationary holding position of the leg
10. In case the patient is not able to maintain the leg 10 stationary in a horizontal
position for a sufficiently long measurement time, one optional solution would be to
hang the leg loosely to a downwards direction while the camera routes go around
the leg 10 so that the intersection point 19 is right below the leg 10 and also below
the sole. This requires special structure and camera moving means in a different
positional arrangement where the patient is held above the movement structure
during the examination.

When discussing the method steps associated with the two different routes or
paths for the cameras, the following steps are performed:

— moving at least one optical camera 12 along a first path for taking a first set
of optical images from the leg 10 or legs;

— moving at least one infrared camera 13 along the first path for taking a first
set of IR images from the leg 10 or legs;

— moving the optical camera 12 along a second path for taking a second set
of optical images from the leg 10 or legs; and

— moving the infrared camera 13 along a second path for taking a second set
of IR images from the leg 10 or legs.

As a result of the image capturing steps with both the optical 12 and infrared cam-
eras 13, the system obtains a three-dimensional model of the outer surface of the
leg 10, as a result of optical imaging. With the infrared imaging, the system obtains
received IR energies as a function of location. The human tissue radiates thermal
energy based on the temperature difference between the surface spot of the leg
skin and the temperature of the air surrounding the leg. The magnitude of this
thermal energy can be measured through the IR detectors of the IR camera 13.
The varying amounts of received thermal energies can be transformed to a col-
ored image, where different colours correspond to different amounts of received
thermal energy. As a result, a 3-dimensional multi-color image is obtained.

As an alternative embodiment to the moving cameras presented above, the same
operational effect can be created by having at least one mirror and stationary
camera(s). In one embodiment, there is a single optical camera 12 and a single
infrared camera 13. At least one mirror can be placed in predetermined location(s)
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and with controllable alignment angles, in order to reflect the visible light and the
IR light to the corresponding camera(s). In an embodiment, the optical 12 or an IR
camera 13 can be fixed in a stationary position, which can in one embodiment be
along the axis defined by the shank and in front of the sole in spot 19 (with a line-
of-sight to the sole). When a mirror is placed e.g. above the foot in a horizontal
direction, it reflects the view from a desired area along the leg to the cameras 12,
13.

In one optional solution, the IR camera sensor and the visible camera sensor are
placed next to one another, and the same group of mirrors (or a single mirror) is
used to reflect both IR and visible light to the camera sensors. When the mirror
angles are controllably changed and/or the mirror location(s) is/are moved, the
“visible area” via the mirrors can be moved along the skin surface to be imaged;
e.g. along the human leg. In one embodiment, the mirror angle is changed (i.e.
with a rotational movement of a planar piece of a mirror) in a constant speed, or in
a constant rotational speed around an axis.

In one embodiment, there can be implemented a combination of the above ideas;
i.e. using controllable mirror or mirrors, and also controlling the movement of one
of the cameras or many cameras or even all used cameras, simultaneously. The
movements and the angles need then to be intelligently controlled so that the line-
of-sight is obtained from all desired skin spots to be measured to the cameras.

In one embodiment, the material of the at least one mirror is selected from silver or
aluminium. These materials have good reflection properties regarding IR radiation.

In an embodiment of the invention, the IR camera(s) 13 used in the measurements
can be selected among common IR cameras already available in prior art.

A relevant characteristic about the environment where the measurements are per-
formed is that the environmental and positional parameters regarding the ar-
rangement (comprising also the relative positions between different elements of
the system) need to be as constant as possible. This allows the repeatability of the
measurements later as similarly as possible. When the conditions during the
measurement situation are as constant as possible, it gives a possibility to com-
pare the results between different measurement sessions with good quality. This
in turn enhances the diagnostic possibilities and analysis results when the images
are available to an examination made by a specialist, such as a doctor.
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As a following step of the method according to the invention, the first and second
set of optical and IR images are combined into a 3-D color image showing tem-
peratures and outer edges of the leg 10 or legs. This is in practice a three-
dimensional image where dots with their coordinates along the skin surface of the
leg and the surface temperatures in these dot locations are collected as a two-
columned database, with a given resolution along the surface. This means that the
accuracy can be separately defined, resulting in the number of rows required for
the whole database.

For illustrative purposes, the database can be transformed to a 3-D color image
displayable in a screen or other visual representation means 16. Different temper-
ature values can be seen in different colours which can be tuned to change con-
tinuously as a function of location on the skin of the leg. The 3D color image can
also be turned around and zoomed in/out by the user through the user input
means 17. This can be implemented with the usual keyboard and mouse associ-
ated with a common PC.

A relevant feature of the software in connection with the displayed image is that
the user may select a dot-like spot on the skin area of the imaged leg 10. The pro-
cessor browses through the database and outputs the temperature value of the
closest dot within the database, in one embodiment. In another embodiment, es-
pecially using less accurate resolutions (shown also as smaller databases), the
processor may interpolate the temperature values of the closest spots in relation to
the selected spot on the image. The resulting temperature value, whether a direct
value or an interpolated value, is then output to the screen 16. The value may also
be saved to a separate database.

Figure 1b illustrates an artificial intelligence (Al) system operating in connection to
a cloud service. The human body part to be imaged is the leg 10 resting on a sup-
port 11 in this example. The imaging means 100 comprises at least the thermal
imaging means, i.e an IR camera or several IR cameras. It may also comprise
other imaging means such as an optical camera capable of taking photographs of
the imaged area, a laser scanning system, or any auxiliary imaging means (dis-
cussed later) such as an MRI imaging device. The imaging information is provided
to be analyzed in a processor 102 which has artificial intelligence capabilities and
access to cloud based information. Thus, processor 102 acts as a data analysis
unit. A cloud data bank comprising related database(s) 101 is located in a cloud
server or servers and it can exchange information with the processor 102. The
data exchange between 101 and 102 allows cognitive updating of the cloud data
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bank based on newly taken measurements and deduced data based on that newly
taken measurement. The Al algorithms can analyse patterns in view of other
symmetrical part of the body or in view of an earlier thermal image of the same
body part. The thermal measurement images and the deduced information based
on the analysis work performed by Al algorithms (such as an early diagnosis esti-
mate, or an alarm information) can be provided to a medical professional, such as
a doctor. The doctor is able to check these pieces of information through an own
user interface 103, such as a PC or tablet or any other suitable device (even
smartphone). In this way, the medical professional may locate in different physical
location than the examined patient. Also a different inspection time of the data is
possible for the doctor compared to the measurement time of the patient, thus en-
abling a fluent analysis process and also a remotely available diagnosing ar-
rangement for various diseases having temperature change symptoms.

The above concepts of Figure 1b are covered in more detail in the following pro-
cess charts.

In another embodiment of the invention, the skin area of the leg can be divided to
a number of sub-areas, and in this regard, also Figure 2 is referred. Here the sole
22 of the foot is shown from below and the sole area is divided into eight sub-
areas 21a-h (also called as “virtual surface areas”). This is just an example of the
area division and only a part of the whole leg to be divided into sub-areas. In the
most common situation, the leg area which is covered by the optical and infrared
cameras, is also divided in a selected number of sub-areas. The virtual grid
formed by the sub-areas or the number of sub-areas can be selected beforehand
by the user of the apparatus, and the selected grid lines can also be shown to-
gether with the above obtained 3D color image showing the actual leg. In other
words, the division into the virtual surface areas 21a-h is configured to be based
on a user selection among a group of predetermined virtual grids. When the user
selects a desired sub-area from the whole skin area of the imaged leg, the proces-
sor 14 performs averaging for the temperature values 18 associated within the
selected sub-area. The averaging can be calculated by taking into account all
spots having a dedicated temperature value and locating within the selected area,
summing all the temperature values (in Kelvins) together, and dividing the cumula-
tive sum with the number of temperature spots within the selected sub-area. The
result is thus an unweighed average of the temperature values within the selected
sub-area. After the calculation of the average temperature within the selected sub-
area, the averaged temperature result can be output to the screen 16, and addi-
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tionally if desired, saved to the database as well. The system may be configured to
automatically calculate the average temperatures for all sub-areas without any
action of pointing by the user, and the system can after the calculation procedure
save the average values to the database, for either providing the material for the
diagnostic work made by the doctor, or to provide history data for future measure-
ments and comparisons.

In an embodiment of the invention, the temperature measurement can be per-
formed consecutively for both legs of the patient. This embodiment is illustrated as
a flow chart in Figure 3. This is an important application area for diabetic patients
especially but it presents a reasonable way to track differences between the pa-
tient’s legs for also other diseases or injuries where there is a non-symmetrical
temperature distribution between the right and the left leg. At a first stage of this
embodiment, the left leg of the patient is imaged 31 according to the principle pre-
sented earlier. As described in connection with Figure 1a, a 3-dimensional image
of the left leg is obtained, where the skin surface has been provided with an indica-
tive colour depending on the respective temperature on each spot of the skin sur-
face, the number of skin spots depending on the selected surface resolution. The
thermal image of the left leg can be saved, and also the pairs of values, compris-
ing the skin spot location coordinates and the corresponding temperature, can be
saved to the database 20. After the measurement procedure for the left leg is
completed, the same procedure is performed for the right leg. In other words, the
right leg of the patient is imaged 32 according to the same principle as the left leg
was imaged before that. The resulting image is correspondingly a 3-dimensional
image of the right leg, and the observed temperature on the skin on the measure-
ment moment can be seen with in different colours, similarly as earlier. Savings to
the database or memory 20 are performed similarly as with the left leg.

The main step now in this embodiment is to output the two images, and/or the two
sets of database values, and to provide them to the specialist 33 who may perform
diagnostic activities based on the differences between the two legs of the patient,
measured within the same examination session. The comparison work can be
most easily performed with the colour images (either 3D-image provided on the
computer screen), or as a group of 2D-images taken from the earlier calculated
3D-image. One option is to perform the measurements in a local health center or a
municipal clinic, and the taken images can be transmitted electronically to a cen-
tral hospital. In such a procedure, the patient does not need to travel to the central
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hospital, usually locating in a major provincial city, but the patient can be handled
and imaged locally near his/her homeplace.

Based on mutual differences found between the leg temperatures in at least some
area of the leg skin surface, the doctor or other specialist may provide a diagnosis
34, and also determine a severity of the diagnosis. This information can then be
provided back to the patient in order to start proper treatment on the found disease
or injury.

Figure 4 illustrates a flow chart, where a single leg of a patient is imaged, and the
obtained image is compared to an earlier image taken from the same leg of the
same patient. Of course, this procedure can be consecutively repeated for the
other leg as well.

In this embodiment, the progressivity aspect of the diabetic symptoms is taken into
account by taking the history data into account. This means that at least one pre-
vious imaging session has been made to the same patient, and for the same leg.
These pieces of data are available in the database 20, accessible by the medical
experts, such as the doctor of the patient. Let’'s say the previous measurement is
the first temperature measurement for the diabetic patient A, made for the left leg,
and it has been performed six months ago. Today, the patient arrives for the fol-
low-up measurements. The patient will be set for the same conditions and ar-
rangement as in the first measurement 41. This means that the support arrange-
ment for the foot is preferably similar as earlier, and the room temperature is ap-
proximately the same as earlier. Also the patient is given instructions to perform
similar activities (or to avoid certain actions or exercises) right before the imaging
session, as was the case before the first measurement session six months ago.
The left leg is then imaged 42 the same way as it was measured in the previous
measurement session six months ago. When the thermal imaging has been per-
formed according to the method and apparatus disclosed above, the images from
two different measurement sessions are provided to the doctor for the comparison
44. In other words, the latest image of the left leg is provided to the doctor, and
furthermore, the extracted measurement data from the previous measurement 43
is output for the doctor as well. In practice, this can be implemented as showing
two images in parallel arrangement within the same screen, the left leg image six
months ago, and the left leg image now. Thereafter, this provides an easier way to
make a diagnosis based on the temporal changes in the condition of the leg 45. In
case, there is a sub-area of the leg, which is significantly colder than six months
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ago, it is an alarming condition, which the doctor can address with an appropriate
diagnosis and treatment for the patient.

In other words, the above embodiment can be described in a summarized way like
this. The arrangement is configured to adapt same environmental and structural
parameters as in a previous measurement session of a given limb or other part 10,
to measure the given limb or part 10 of the patient again, to extract the previous
measurement session data from the database 20 concerning the same patient and
the given limb or part 10, and to provide the two images of the given limb or part
10 to a specialist for diagnostic purposes, in order to see temporal changes in the
measured limb or part 10.

The time period lengths are merely examples, and they may be selected freely
according to the severity of the situation with the patient, or according to medical
guidelines for a certain medical condition, or according to law or according to other
criteria selected by the doctor.

In one embodiment, the history data of the patient’s leg(s) can be used in even
greater extent, by e.g. providing two previous measurements as history data for
the comparison with the situation now. This means that three parallel images can
be provided for the doctor, showing history data and the trend in diabetic feet con-
dition for 1 year ago, 6 months ago and now. Such a measurement principle al-
lows to see whether the condition has deteriorated in a slower speed or in a more
rapid speed than 6 months ago. Of course, this allows performing a more long-
term analysis, if even more sessions of previous measurements are taken into ac-
count.

In one embodiment, not just a single leg is measured for obtaining temporal
changes in a given time period, but both legs can be consecutively measured in
order to make a complete check for both feet of the patient.

For more severe diabetes, a measurement cycle of 3 months can be applied for
the measurements discussed above. Of course, any other measurement cycle
length or measurement instant may be selected based on the situation of a pa-
tient, or based on a decision made by a medical expert.

Now back to the general method for temperature imaging of a leg, the result may
be a temperature map illustrating absolute temperatures on the map showing the
leg. The map may be a three-dimensional image which can be rotated and
zoomed and otherwise handled in a computer screen. Of course it is possible to
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extract two-dimensional images from certain sections of the leg, e.g. showing only
the sole surface if that is the interesting part in the measurement.

The averaged temperatures and the grid idea (various sub-areas) can be imple-
mented with also the embodiment discussed in Figure 3, but also with the
embodiment discussed in Figure 4. Therefore, the software may output images of
both legs where the average temperature of each sub-area is calculated and
shown on the screen. Furthermore, the same can be applied for the historical
image of the leg, and for the image taken in the current measurement session.
This kind of temperature output gives direct information even for non-specialists. If
there are e.g. eight sub-areas covering the sole of the foot, two parallel images
with eight parallel temperature values allow easy comparison of the values without
having to select any dedicated spot on the images. Of course, more accurate tem-
perature information can be obtained through selecting a dedicated spot on the
current measurement image, or on a certain previous image taken from the data-
base.

As we discuss the 3-D color image as a way to show different temperatures of the
leg skin, alternatively there might be a grey-scale image showing those tempera-
ture differences in the changing darkness of the grey color (from black to white,
with a given number of intermediate grey tones). Furthermore, there might be a
different way to show different temperature areas, such as different line, shade or
pattern additions placed on the taken image, made with image processing tools.

As a different optional solution to imaging the limbs, there can be used an inter-
mediate material around the limb which can be removed from the limb after a cer-
tain period, and imaged later. By this we mean a wearable sock or fabric which
can be manufactured from material which will absorb heat well. The sock or fabric
is wrapped around the leg for a given time period. The heat from the leg will trans-
fer and absorb into the material of the sock or fabric. After the "absorption period”,
the sock or fabric can be taken off. After this step, the removed sock or fabric is
opened and placed on a planar surface. From the seams of the sock or fabric, the
system will know the correspondence between the planar coordinates of the sock
or fabric, in relation to the spot on the human skin. By imaging the planar sock or
fabric with a single IR camera, the temperature image in the coordinates of the
human leg skin can be obtained. Otherwise, the other details of the invention from
the earlier description is applicable to this embodiment as well. If the material is
chosen appropriately for the sock or fabric, the image quality is good for this
embodiment as well.
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In other words, the two inventive ideas have common features and principles be-
hind them but the first concept measures the 3-dimensional leg directly while the
second concept measures the two-dimensional, opened sock or fabric after it has
been removed from the 3-dimensional leg.

Generally speaking about the saving of the obtained images, the control means 14
is configured to save the created combined images in either image form, or in nu-
meral form comprising coordinates and corresponding temperatures, to a data-
base 20.

Back to the general inventive idea, no matter whether an intermediate material is
used or not, the obtained temperature information can be handled with various
ways. In one embodiment, the measurement results are saved into cloud.
Furthermore, the system can be made to a cognitive system where temperature
data and possibly also other kinds of measurement results are all available in the
cloud. Furthermore, when the current measurement data is saved into the cloud,
this increases the saved measurement data in the cognitive system. The saved
measurement data comprises the history data of the given patient, but it may also
mean history data of all saved patient (for a group of various different patients)
measurements or a predetermined part of it. The whole big data of all gathered
information may be classified e.g. based on different severity levels of diseases.
This can mean that different leg temperature measurements can be classified with
severity levels such as "everything is ok”, "mild diabetic symptoms”, "severe diabe-
tic symptoms”. Also the data can be classified based on patient characteristics,
e.g. based on age or gender of the patient. Alternatively, it is possible to link with
each measured image of the leg, a given diagnosis, which is saved in connection
with the image. When a large number of images are available as reference ima-
ges, the newly taken image of the patient can be used in the diagnosis which
could even be made without a human specialist, meaning artificial intelligence. In
other words, the previously measured data is linked with a given diagnosis associ-
ated with the relevant measurement, and this information acts as a reference tool
for the diagnosis in view of the current measurement. Of course, the reliability of
the diagnosing process can be enhanced if the real doctor observes the images
manually but the doctor could use the diagnosis given by the "machine” as a hel-
ping tool. With the cloud based artificial intelligence diagnosing system, it would
also enable a remote health service, where the patient takes the image even by
him/herself, sends the image to the health service provider having access to the
cloud information, and the system uses the analytics and it sends the diagnosis
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(e.g. "severe diabetes” / "mild diabetes” / "risk for diabetes” / "no diabetes”) back to
the patient without any human doctor taking part of this diagnostic work. This is an
intriguing future development scenario for effectively diagnosing diabetes of a re-
mote patient.

Next we discuss supplementary concepts present within the same inventive idea
as already discussed above.

The first supplementary concept is adding three-dimensional (3D) modelling as a
further procedure after all the appropriate and desired imaging have been taken
from the examined part of the human body. Figure 5a illustrates these functional
steps and elements as a simplified flow chart. Optical images e.g. still photographs
51 are taken from different sides of the examined human part. In this embodiment,
no physical gantry is emphasized; instead the photographs are taken from diffe-
rent sides of e.g. the foot so that the whole skin surface of the foot is visible in at
least one of the taken photograph. The same principle applies in the thermal ima-
ges, i.e. IR images 52, taken by at least one infrared camera. A further option is to
use laser scanning 53 for obtaining three-dimensional scanning of a human body
part. The laser scanning arrangement can be set to move around the examined
limb, for instance, and scan the whole surface of the limb. This can be achieved by
moving a single or several laser scanning modules on top of the examined surface
area.

A further option is to use magnetic resonance imaging (MRI) for obtaining 3-D tis-
sue images of the examined part of the human body. MRI images can be taken
from any section of the human patient but the usual areas to be imaged with this
technique is lower back / hip area, the cervical spine in the neck, and the brain but
also limbs can be MRI imaged.

A further embodiment may include some other kind of imaging of a desired part of
the human body, e.g. obtained by X-ray imaging, in helping to create a 3D-model
of the desired part.

The purpose in the 3D-modelling is to use at least the thermal (IR) image 52, and
possible additional images (optical photograph 51, MRI image, X-ray image) in
order to have sufficient information from the skin and within the tissue of the desi-
red part of the human body in order to create a 3D-model for further analysis or
educational purposes. It can be said that mapping of temperatures is performed on
the measured IR image so that the correspondence between the location in a 3-D
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modelled human body part, and its measured temperature is created. Additionally,
blood vessels visible from the skin can be taken into account from an optically
obtained photograph of the tissue. In an embodiment, the thermal and optical
image information is used as a source information for 3D-modelling.

A second supplementary concept is to add the concept of the big data into the use
of the inventive arrangement. Figure 5b illustrates the main parts of the cognitive
system which results in automated analytics 58 of the thermal measurement re-
sults of the part of the human body. Big data 55 means all available data in the
cloud and for the inventive concept, this means all previously obtained thermal
images of the human body part. In other words, thermal image information can be
picked from a cloud data bank comprising information of all available patients. The
image information can be linked with a diagnosed disease information, or progress
information of a given disease. While the disease or progress information has
been given by the doctor for the earlier taken images or sequence of images, such
data is later available as part of "big data”.

Machine vision 56 arrangement can implement the automated imaging of the ex-
amined part of the human body. This applies to both optical photographs and
thermal IR images.

Artificial intelligence 57 algorithms (one or several) can be used to detect inte-
resting parts of the thermal images. For instance, if there is a large thermal gradi-
ent in certain part of the image, the algorithm will detect such area, determine its
borders and it may calculate the surface area of the skin with a different tempera-
ture as the surrounding tissues. These algorithms can be used in the already ta-
ken thermal image bank in the cloud and combined with the doctor’s diagnosis. In
this way, the Al algorithm can learn the correspondence between different thermal
areas in a limb with a given disease of state. Also the algorithm may learn from the
correspondence between thermal gradients (thermal change magnitude as a
function of surface distance) and given diagnosis by the doctor. Also the diffe-
rences in the sides (left vs. right limb) or as a function of time (previous measure-
ment vs. current measurement) are good piece of information for helping the Al
algorithm to improve with the automated analytics 58. The automated analytics 58
may output the state of health or an alarm signal for the examining doctor, or even
a machine-given diagnostic parameter for the user or professional.

The artificial intelligence 57 algorithms may use pattern recognition algorithms
where the found patterns are classified. The Al algorithms may also take the type
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or severity of the disease, the patient’s age, the patient’s weight into analysis as
well, in order to determine the severity of the found thermal deviation in the pati-
ent’s body. This applies especially to diabetic feet examination.

We then discuss the main analysis options for the obtained thermal image. In this
regard we refer to Figure 6a.

A first analysis option is to compare a thermal image of a right side of a human
patient to a thermal of a corresponding left side of the human patient 61. The ima-
ged parts can be left and right feet, or left and right hands. The imaged part can be
a left and right side of a given part of a human torso. The imaged part can be any
part, where symmetry exists between two areas of the human body. The inventive
concept can be realized by taking subsequent thermal images of the symmetrical
parts, so that e.g. the left foot is imaged first and the right foot is image after that.
The analysis unit, e.g. a controller or the control means, is configured to compare
the left side thermal image with the right side thermal image and to detect any dif-
ferences between them. The difference can be a different thermal area distribution
between the two thermal images. For instance, a lower temperature area on a left
foot may be of different surface area or shape compared to the lower temperea-
ture area on a right foot. A spot-like temperature value can be different between
the right and left foot, for instance. Alternatively, an average temperature within a
specific predetermined area of a left foot can be noticeably different than within a
corresponding predetermined area of a right foot.

A second analysis option is to monitor the changes of the imaged part of the hu-
man body as a function of time 62. The currently taken thermal image can be
compared with the previously taken thermal image, or to an even earlier taken
thermal image. The time frame between two consecutive imaging sessions for a
single patient is dependent on the examined disease, and determined by a doctor
or other specialist in the most usual case. The second analysis option is indepen-
dent of the available time frame, meaning the any earlier taken image of the same
patient and the same part of the patient’s body can be observed together with the
currently taken (or most recently) image. Of course, the progress of the human
condition and the current progress rate of a disease may be examined by using
the current thermal image and any number of earlier taken thermal images. The
used technique can be overlapping the thermal images in top of one another to
find differences between them. Machine vision algorithms can be applied in de-
tecting the changes in subsequently taken images. The result in the second analy-
sis option 62 can be obtained by comparing two previously obtained images with
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one another, and giving a health status parameter for the change. The health sta-
tus parameter can be "unchanged/stable”, "worsened”, “significantly worsened”,
“improved” or ”significantly improved”. The health status parameter is naturally
linked with the observed disease, associated with the patient from the earlier taken
image or images. The status "alarming” can also be given to the image if it devia-
tes from a "normal” healthy situation by a certain threshold value. Such an image
is then submitted under supervision of a medical professional. Of course, the
image with any health status parameter can be submitted to a doctor or other me-

dical practitioner for further observation and analysis 65.

Generally, the health status parameter can be a piece of diagnostic information
concerning any desired disease, malfunction in the human body, or operation in
the human body. The health status parameter may comprise a qualitative estimate
on the patient’s health (i.e. the severity estimate of the diagnosed disease) but this
is not necessary. Any piece of information estimating the current situation of the
patient’s health is sufficient for the health status parameter. In this context, the
main purpose is diagnosing existence and progression of diseases of patients.

A third analysis option is to observe possible symmetry 63 between the images of
first and second thermal images where the imaged parts can be in symmetrical
parts of a human body. For instance, an area with a thermally deviating sub-area
in a left foot can be observed against a thermally deviated sub-area in a right foot.
The outer edges of the first sub-area can be compared with the outer edges of the
second sub-area, and if there is a change in the shape or size of the sub-areas,
the controller of the arrangement records this. In this way, symmetrical sections
and non-symmetries between observed images are examined and found.

An additional option is to take a thermal image from two, opposite sides of a single
part of a human body, like the sole of the foot and the top side of the foot. The
images together cover a combined surface of the skin which cannot be imaged
with a single IR camera location. The information obtained from two opposite sides
of the human body part (such as limb) are combined 66 and possible single
thermally deviation areas extending on both sides of the human body part are de-
tected. In this way, larger thermally deviating areas can be tracked. Also effects,
which extend to different sides of a single limb, can be tracked this way, and it im-
proves the diagnostical decision making in diseases which have effect in broader
areas of the human tissues. The information in two opposite sides of the limb can
be combined with analysis options of 61, 62 and/or 63 in order to analyse a larger



10

15

20

25

30

35

WO 2018/158504 PCT/FI2018/050152
21

area, concerning the shape, area, colour or non-symmetry in comparison to a refe-
rence image.

The steps of the analysis options 61, 62, 63 and 66, and further resulting into step
64 can be implemented with one or several artificial intelligence algorithms imple-
mented in a local or cloud based computer or server (like e.g. processor 14)

As a result from analysing changes between any two images from the steps 61, 62
and/or 63, and also taking the possible larger thermally deviating area from step
66 into account, the controller determines the current status of the deviating part of
the skin and also the change magnitude compared to the reference image as di-
scussed in steps 61-63. A distinctive shape of a thermally deviating area, or a no-
tably changed area of a thermally deviating tissue or a deviating colour in the ima-
ged area is the resulting interesting parameter or a group of parameters 64, which
can be indicated to the user him/herself or to a medical professional 65 such as
physiotherapist, doctor or a nurse. Al algorithms give the possibility to automize
the search against a larger number of reference thermal images available in the
cloud data bank (i.e. the updatable database). The system is a learning system
because the thermal image bank together with the deduced diagnosis data increa-
ses all the time during the use of the invented measurement and analysis system.
Also external thermal images achieved from other sources may be used in upda-
ting the cloud data bank. Furthermore, Al algorithms will improve as a function of
time as such because the calculation power of processors will increase over time.
This ensures even better results, and this leads into a system comprising deep
learning capabilities, resulting in a cognitive and highly progressive system.

In the embodiment comprising a wearable sock or fabric wrapped around the ex-
amined part of the human body, such as foot, the images will be created a bit dif-
ferently. Thermal energy from the examined part of the human body (like foot) ab-
sorbs to the sock during the time when the sock is worn to the patient’s foot. The
thermal energy will transfer from the human tissues to the sock until when the
temperature of the skin corresponds to the touching part of the sock in each skin
location wrapped by the sock. This requires a certain period of time to settle.
When that time period is reached, the sock can be opened, and the thermal
camera takes an IR image of the planarly placed sock or fabric. In a regular situat-
ion, the IR image is taken in directly orthogonal direction from the planar fabric;
e.g. with the IR camera pointing directly downwards towards a fabric laying on a
horizontal plane, e.g. on a table. The thermally deviating areas can now be in-
spected from a planar, thermal 2-D image. No matter whether the thermally devia-



10

15

20

25

30

35

WO 2018/158504 PCT/FI2018/050152
22

ting areas locate on opposite sides of the foot (sole and top), the planar image will
reveal the total size and shape of such areas. In the processor / controller 14,
there must a calculation algorithm which makes the correspondence between the
spots of the 3-D human part outer shape and the 2-D planar image coordinates. In
this way the planar image information regarding the temperatures can be conver-
ted to temperatures of a 3-D image of an actual foot. In practice this means the
same as the mapping of temperatures. This information can further be used in 3-D
modelling of the examined foot (or any other human part). Generally, it is of course
important to take the thermal image of the planar fabric quickly after the fabric has
been taken out from the patient. The obtained thermal information using the fabric
or sock can be combined with e.g. an optical photograph from the foot itself, in
order to add visual inspection information e.g. regarding skin colours to the analy-
sis. Also other options disclosed in the application are similarly applicable to the
sock embodiment as well.

Figure 6b illustrates an embodiment discussing a cognitively learning system as-
sociated with the obtained image data. Data transfer 67 means all data and de-
duced information based on the taken thermal image and possible other images
such as an optically obtained photograph. All the image information is transferred
68 as well to a database. The data of step 67 can be temperature value infor-
mation as a function of coordinates in a form of a data table, an averaged temper-
ature value within each sub-area in a form of a data table. The deduced data can
be disease information or progress / status information of a disease based on a
taken image. The deduced pieces of information are linked as auxiliary data for the
given image. Thus, steps 67-68 form all information obtained from the currently
taken image, while all the earlier obtained and saved corresponding images and
their auxiliary data is marked as “Database with all earlier data 69”. Step 70 marks
the cognitive nature of the image management system where the newly obtained
image with all its deduced information and auxiliary information are added to the
database. This process increases the amount of reference data in recognizing dif-
ferent diseases and their progress when a new image is taken from a patient. This
relates essentially to steps 55-58 of Figure 5b as well. The updated database 70
means that the amount of “big data” increases as a function of operating time, re-
sulting in a cognitive health status determination system based on thermal imag-
ing. In other words, the system is a learning system because the measurement
and diagnosis information available to the analysis at hand will increase during the
use of the presented system and method. Step 71 is making a health status deci-
sion by performing a comparison of the current image and any reference image(s);
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thus, this step is in line with step 64 of Figure 6a. It can be said that over time the
decision-making 71 will become more accurate, even for the automated analytics
tools such as machine vision systems.

In general, the described system can be set to determine a normal temperature
range associated with healthy human ”patients”. For instance, it can be deter-
mined that a normal temperature range of a human foot is between 22 ... 32 de-
grees, and such data is used as reference data for a newly taken thermal image.
In addition to deviating sub-areas when considering temperatures, also hot spots
and cold spots can be recognised from the taken image and marked as auxiliary
parameters.

In one embodiment of the invention, different coloured areas can be selected into
the examination from the obtained image. The areas of each coloured areas can
be calculated by the system, e.g. the area of the warmest area (e.g. in red) and
the area in the second-warmest area (e.g. in violet) and the area of the third-
warmest area (e.g. in yellow). Such calculated surface areas can be compared to
the same parameters obtained from an earlier measurement.

In a further embodiment of the invention, a first image is taken from a first side of
the part of the patient, such as from the bottom of the foot sole. After that a second
image is then taken from an opposite side of the part of the patient, such as from
the top of the foot. By this it is meant to take a larger image from the skin surface
where the two areas are adjacent but only visible from opposite sides of the ima-
ged part. If there is a larger thermally deviating area (like cold area or a group of
colder spots) within the larger image, it can be used in the health parameter de-
termination. Also symmetries between the thermal larger image of a left foot can
be checked against the thermal larger image of a right foot, and if the thermally
deviating area is not symmetrical with the corresponding reference image, an
alarm can be set for the examining professional for this image.

The diseases, whose progress or existence may be detected with the present in-
vention, are various. Diabetes is one of the most prominent diseases to affect in
various ways and also in various parts of the human body. Diabetes causes mal-
functioning and damages to the peripheral nerves, in other words, disorders falling
under diabetic neuropathy. Diabetes causes many effects to the feet if progressing
to a certain level; the symptoms may be diabetic foot ulcers or numbness based
on damages present in the peripheral nerve system. There can be present a pe-
ripheral artery disease ("PAD”) which with diabetic patients is called as diabetic
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angiopathy. This has a main symptom of causing poor blood circulation to the ex-
tremities of the human body, such as feet. This in turn causes decrease in the
temperatures of the feet tissue and it can be sensed with thermal imaging as di-
sclosed earlier in the disclosure of the present invention. Also the decreased tem-
perature area and shape and extent in different sides of a single foot are important
in determining proper health situation or diagnostic result.

The analysis of the thermal image can be combined with visual skin analysis. The
skin of a diabetic patient may comprise calluses. Also foot ulcers are a severe
symptom of diabetic feet. By analysing thermally the area on and near a callus,
important information can be obtained for determining the status and progress rate
of a diabetic patient. The thermal image gives valuable information on what kind of
damage or what kind of tissue "hides” behind a callus; the system according to the
invention thus gives valuable information for the evaluating medical professional.
Furthermore, the locations of the calluses on the skin may be interesting for the
evaluating doctor in his/her further analysis work.

Generally, peripheral neuropathy due to any other cause than diabetes, is also a
significant group of diseases or damages which can be tracked with the imaging
system according to the invention.

Another types of diseases are Charcot related diseases which can be well exami-
ned with the presented system according to the invention. An example of these
diseases is neuropathic arthropathy, i.e. Charcot joint disease, which is characteri-
zed by swelling or even deformities of human tissue, based on a degeneration
process of a weight bearing joint. In even worse situation, the bone material may
even collapse due to destruction of the bone material. Also increased skin tempe-
rature (e.g. 3-7 degrees) is a characteristic symptom near the joint. The presented
imaging system is well suited to discover these symptoms, by also utilizing optical
photographs revealing the swelling of the tissue. The present invention is well sui-
table for observing improvement / healing process from a Charcot related disease
or symptom as a function of time.

One more disease group to benefit from this method is rheumotoid arthritis and
similar, which causes joint inflammation and thus temperature rise on the skin sur-
face around inflammated joints. All of the above mentioned methods and ar-
rangements can be applied to diagnose arthritic joints and also other diseases
which cause local inflammation in joints or other body parts, such as erysipelas,
Raynaud syndrome, peripheral arterial block etc.
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Figure 7 illustrates a foot sole 22 where three different temperature ranges are
marked with three skin surface sub-areas 72, 73 and 74. The innermost sub-area
72 marks the lowest temperature range, e.g. 18-22 °C. The next sub-area 73 may
mark the intermediate temperatures, e.g. the range 22-27 °C. The rest of the skin
surface forms the largest sub-area 74, staying in temperature range 27-32 °C. The
temperature values are merely exemplary. The interesting parameters are the cold
spot location and temperature in sub-area 72, the average temperature of sub-
area 72 or 73 or the average temperature of their combined area, the thermal gra-
dient, i.e. the rate of the temperature changes as a function of distance (in this ex-
ample, the maximum gradient locates just right from the sub-area 72), the shape
of the thermally deviating area (in this example, the outer edge of 73). In an
embodiment, the obtained (deduced) parameters from the thermal image are
linked with the image, and the resulting pieces of information is compared to the
earlier obtained image or images and their deduced parameters. Thus, a health
related parameter is obtained as a result. The health related parameter may be a
intermediate result or a starting estimate of the condition of the patient for the
doctor. The doctor is then able to proceed further with the diagnosis and treatment
by excluding non-relevant and wrong diagnosis with further actions made by the
doctor. Thus, the present invention is an assistance tool for easening the workload
required by the doctor by giving a helpful estimate on the condition and the pro-
gress of the disease carried by the patient.

The obtained thermal images can be visualized in a software tool comprising vari-
ous selectable parameters. Depending on the temperature range of the obtained,
measured part of the human body, e.g. foot, the software tool gives the user the
possibility to select the minimum and maximum temperature values of the dyna-
mical range. The selected dynamical range may comprise a predetermined num-
ber of colours for visualizing effectively the selected dynamical range. Because in
some diseases the temperatures may be higher than average healthy tissue, and
in some diseases lower than average healthy tissue, the dynamical range is freely
selectable by the user.

In one embodiment, the system is configured to save the temperature values of
each pixel of an interesting area into a database. For the information saved this
way to the database, a maximum, a minimum, or average values, or the distibution
of values may be extracted in order to analyse the thermal values of the interesting
area.



10

15

20

25

30

WO 2018/158504 PCT/FI12018/050152
26

Generally, a steep thermal gradient in the human tissue indicates a nerve-based
damage (i.e. neuropathy) in the body. A less steep thermal gradient however indi-
cates a possible problem relating to blood vessels of the patient.

Generally, the mapping of temperatures means making a correspondence
between measured temperatures and their source location on the human skin, no
matter whether the human body part is directly thermally imaged by an IR camera
or cameras, or whether the IR camera is set to image a planar sock or fabric after
its heat absorption from the human skin.

It can be summarized that the present invention combines a clinical thermal ima-
ging with possible other imaging, and performs intelligent analytics on the obtained
image and parameter information. Machine based tools and artificial intelligence
may be used for analysing the obtained image information against the information
already part of the big data.

A further option is to use the obtained thermal and other information on the imaged
part of the human body as input data for 3D modelling tools. In this way, a 3D mo-
del of an interesting part of the human body can be created. For instance, the re-
sult can be a 3D model of the human foot, which can further be used in education-
al or diagnostical purposes. A 3D modelling tool may be a separate entity, and the
system according to the invention may transfer the obtained imaging information to
the 3D modelling tool.

The inventive idea comprises thus a corresponding method, and a server with a
software which are in line with the correspondingly presented system for dia-
gnosing existence and progression of diseases of patients. The server comprises
or has access to needed memory units capable to store the required information,
i.e. the cloud data bank information. A cloud based processor and/or a local PC
processor, and a Ul unit available for the medical professional are also useful
parts of the inventive concept in an embodiment of the invention.

Generally, the data analysis unit is an element which processes the information,
e.g. the processor or controller having access to the measurement data obtained
from the patient and also to the data in the cloud (big data).

Thus, as a summary of different aspects of the present invention, it first comprises
a system for diagnosing existence and progression of diseases of patients by im-
aging and mapping temperatures of human body parts, and analyzing differences
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between human body parts and changes in view of time, wherein the system com-
prises:

— thermal imaging means configured to capture at least one thermal image of
the human body part from at least one direction, comprising temperature val-
ues in a predetermined area of the human body part,

— a data analysis unit receiving and analyzing the thermal image information,
characterized in that the data analysis unit is further configured to

— compare the thermal image information to at least one reference image in-
formation using artificial intelligence algorithm or algorithms, where the refer-
ence image information is either a previously taken thermal image of the
same human body part of the patient, a thermal image of a correspondingly
symmetrical part of the human body part of the patient, and/or thermal image
information picked from a cloud data bank comprising information of all avail-
able patients, and

— give a health status parameter based on the performed comparison.

Furthermore, the present invention comprises a method for diagnosing existence
and progression of diseases of patients by imaging and mapping temperatures of
human body parts, and analyzing differences between human body parts and
changes in view of time, wherein the method comprises the steps of:

— capturing at least one thermal image of the human body part from at least
one direction by thermal imaging means, comprising temperature values in a
predetermined area of the human body part,

—receiving and analyzing the thermal image information in a data analysis
unit, characterized in that the method further comprises the steps of

— comparing the thermal image information to at least one reference image
information by the data analysis unit using artificial intelligence algorithm or
algorithms, where the reference image information is either a previously tak-
en thermal image of the same human body part of the patient, a thermal im-
age of a correspondingly symmetrical part of the human body part of the pa-
tient, and/or thermal image information picked from a cloud data bank com-
prising information of all available patients, and
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— giving a health status parameter by the data analysis unit based on the per-
formed comparison.

Furthermore, the present invention comprises a server with a software for diagnos-
ing existence and progression of diseases of patients by imaging and mapping
temperatures of human body parts, and analyzing differences between human
body parts and changes in view of time, wherein the software is configured to exe-
cute the following steps when run in a processor:

— capturing at least one thermal image of the human body part from at least
one direction by thermal imaging means, comprising temperature values in a
predetermined area of the human body part,

—receiving and analyzing the thermal image information in a data analysis
unit, characterized in that the software is further configured to execute the fol-
lowing steps of

— comparing the thermal image information to at least one reference image
information by the data analysis unit using artificial intelligence algorithm or
algorithms, where the reference image information is either a previously tak-
en thermal image of the same human body part of the patient, a thermal im-
age of a correspondingly symmetrical part of the human body part of the pa-
tient, and/or thermal image information picked from a cloud data bank com-
prising information of all available patients, and

— giving a health status parameter by the data analysis unit based on the per-
formed comparison.

All features and physical elements discussed in connection with the system can be
implemented in the corresponding method and server with a software where appli-
cable. Similarly, all features and steps discussed in connection with the method
can be implemented in the corresponding system and server with a software
where applicable.

Advantages of the invention comprise the following:

— The arrangement provides accurate and helpful tools for the doctors or
other specialists in order to reveal some early signs of the problems present
in the feet of diabetic patients. This further enables quick treatment possi-



10

15

20

25

30

35

WO 2018/158504 PCT/FI12018/050152

29

bilities for the patient, and proper treatment can be addressed much quicker
compared to feet inspection methods in the prior art.

— The measurement method is reliable, repeatable, accurate, quick to per-
form, and a non-harmful method because there is not any X-ray radiation
involved.

— The results can be saved and easily compared with other measurement
made at a different time.

— The doctor does not need to be present in the same premises where the
measurement takes place. The analysis may also be performed later after
the actual measurement situation.

— The software interface provides useful and easy selection of desired pla-
ces and areas along the leg skin.

— The imaging method as such is not manually performed, and this removes
the errors caused by subjective analysis based on the nurse touching ma-
nually the feet of the patient.

— The arrangement according to the invention offers health status analysis
for many other diseases and symptoms than just diabetes; this comprises
status information of infections and on early progress of infections, Charcot
related damages or diseases, any other neuropathic damages or diseases,
joint inflammation diseases, erysipelas, Raynaud syndrome, and possible
malfunctions in the blood vessel system of the patient. Also calluses and ul-
cers can be more thoroughly investigated and the diagnosis work can be
easened based on the obtained image through the present invention. The
excessive or abnormal stress i.e. pressure on the skin may lead to local in-
fections which can be seen e.g. as ulcers on the sole or bedsores (generally
as pressure ulcers). Also the applicability of prosthesis limbs relates to the
pressure issue. The stress (pressure) has also effect in various health pro-
blems associated with also other diseases than just with diabetes and arte-
riosclerosis obliterans (ASO) patients. With such other diseases, the pro-
blems occurring from the stress experienced by the patient may be severe.
Excessive or abnormal pressure is a major component in the formation of
greater thermal gradients which can be observed with the imaging and ana-
lysis system according to the present invention.

— Big data and cognitive nature of the system and the database makes the
presented system as an improving system over time. Analytics comprises
many options based on symmetry, changes as a function of time, thermal
gradient magnitudes, and the system benefits also from the earlier obtained
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images and their related health parameters and the earlier obtained pro-
gress information of the diseases.

— The present invention is not restricted to any presented gantry system.
The thermal and possible optical images can be taken with any moving,
manual or automized system, if the whole interesting area is imaged.

— The tunable dynamical range of the thermal image gives illustrative re-
sults, no matter whether the symptom is a hot spot or a cold spot or area,
correspondingly.

— The system is a learning system, where new measurement data, deduced
data related to the new measurements, and diagnosis data made by a me-
dical professional in view of a given measurement of the patient can be ad-
ded to the cloud, increasing the amount of "big data” available in later
measurements.

The present invention is not restricted just to the examples disclosed above but
the invention is defined by the scope of the claims. In case some characteristic
parts or details mentioned above (even in two separate embodiments) are inter-
connectable with one another, this combination may be done in order to create an
alternative embodiment of the invention.
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Claims

1. A system for diagnosing existence and progression of diseases of patients by
imaging and mapping temperatures of human body parts, and analyzing differ-
ences between human body parts and changes in view of time, wherein the sys-
tem comprises:

— thermal imaging means configured to capture at least one thermal image of
the human body part from at least one direction, comprising temperature val-
ues in a predetermined area of the human body part,

— a data analysis unit receiving and analyzing the thermal image information,
characterized in that the data analysis unit is further configured to

— compare the thermal image information to at least one reference image in-
formation using artificial intelligence algorithm or algorithms, where the refer-
ence image information is either a previously taken thermal image of the
same human body part of the patient, a thermal image of a correspondingly
symmetrical part of the human body part of the patient, and/or thermal image
information picked from a cloud data bank comprising information of all avail-
able patients, and

— give a health status parameter based on the performed comparison.

2. The system according to claim 1, characterized in that the system further
comprises the data analysis unit configured to pick cold spots, hot spots, thermally
deviating areas, their temperatures, area sizes and their shapes, their non-
symmetries and/or thermal gradients around the thermally deviating areas into the
analysis.

3. The system according to claim 1 or 2, characterized in that an optical image
of the human body part is merged into the analysis performed by the data analysis
unit, where the optical image information is obtained by a regular camera or laser
scanning, and the thermal imaging means is an infrared camera.

4. The system according to claim 3, characterized in that the data analysis unit
is configured to add a deviating colour information from the optical image and/or
possible outer surface deformations into the analysis.

5. The system according to any of claims 1—4, characterized in that the system
is a learning system.
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6. The system according to claim 5, characterized in that the system is config-
ured to cognitively update the cloud data bank by adding the taken thermal image
information together with its deduced parameters, and/or health status determina-
tion result given by a doctor into the cloud data bank, as part of the learning sys-
tem.

7.  The system according to any of claims 1-6, characterized in that the system
is configured to perform pattern recognition and pattern classification on the ob-
tained images by artificial intelligence algorithms.

8. The system according to any of claims 1-7, characterized in that the system
is configured to take subsequent thermal images on two opposite sides of the hu-
man body part, and to combine these images in order to reveal a possible larger
thermally deviating area in the human body part.

9. The system according to any of claims 1-8, characterized in that the health
status parameter is a diabetic progression information, status information of infec-
tions and on early progress of infections, a Charcot based disease status infor-
mation, status information for other types of neuropathies, joint inflammation in-
formation, status information of erysipelas or Raynaud syndrome, possible mal-
functions in the blood vessel system of the patient, or other disease status infor-
mation.

10. The system according to claim 9, characterized in that health statuses indi-
cating an alarming or severe condition are directed under observation of a medical
professional.

11. The system according to claim 5, characterized in that the thermal image
information comprising pixels and their temperature values, and deduced health
status parameter obtained by the system, and possibly manually updated health
status information by an examining doctor, are configured to be added into a data
table forming the thermal image information in a cloud data bank, as part of the
learning system.

12. The system according to any of claims 1-11, characterized in that the sys-
tem comprises a user interface where the user is able to select the dynamical
range comprising minimum and maximum temperatures, and a display is config-
ured to illustrate the temperatures of the imaged part of the human body with a
range of colours alternating within the selected dynamical range.
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13. The system according to claim 3, characterized in that the system is config-
ured to apply the obtained thermal image information and the obtained optical im-
age information as source information for 3D modelling of the imaged human body
part.

14. The system according to claim 13, characterized in that the system is con-
figured to perform laser scanning and/or an X-ray imaging and/or an MRI imaging
of the human body part as additional source information for 3D modelling of the
imaged human body part.

15. The system according to any of claims 1-14, characterized in that the tem-
peratures of the human body part are configured to be measured with a sock or
fabric placed or wrapped around the body part to be measured, and after suitable
heat absorption time, by thermally imaging an unwrapped, planarly arranged sock
or fabric with the thermal imaging means.

16. A method for diagnosing existence and progression of diseases of patients
by imaging and mapping temperatures of human body parts, and analyzing differ-
ences between human body parts and changes in view of time, wherein the meth-
od comprises the steps of:

— capturing at least one thermal image of the human body part from at least
one direction by thermal imaging means, comprising temperature values in a
predetermined area of the human body part,

—receiving and analyzing the thermal image information in a data analysis
unit, characterized in that the method further comprises the steps of

— comparing the thermal image information to at least one reference image
information by the data analysis unit using artificial intelligence algorithm or
algorithms, where the reference image information is either a previously tak-
en thermal image of the same human body part of the patient, a thermal im-
age of a correspondingly symmetrical part of the human body part of the pa-
tient, and/or thermal image information picked from a cloud data bank com-
prising information of all available patients, and

— giving a health status parameter by the data analysis unit based on the per-
formed comparison.
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17. The method according to claim 16, characterized in that the method further
comprises the step of picking cold spots, hot spots, thermally deviating areas, their
temperatures, area sizes and their shapes, their non-symmetries and/or thermal
gradients around the thermally deviating areas into the analysis, by the data anal-
ysis unit.

18. The method according to claim 16 or 17, characterized in that the method
further comprises the step of merging an optical image of the human body part into
the analysis performed by the data analysis unit, where the optical image infor-
mation is obtained by a regular camera or laser scanning, and the thermal imaging
means is an infrared camera.

19. The method according to any of claims 16-18, characterized in that the
method comprises the step of performing pattern recognition and pattern classifi-
cation on the obtained images by artificial intelligence algorithms.

20. The method according to any of claims 16—-19, characterized in that the
method is implemented within a learning system, and that the thermal image in-
formation comprising pixels and their temperature values, and deduced health sta-
tus parameter obtained by the system, and possibly manually updated health sta-
tus information by an examining doctor, are added into a data table forming the
thermal image information in a cloud data bank, as part of the learning system.

21. The method according to any of claims 16-20, characterized in that the
method comprises the steps of:

— placing or wrapping a sock or fabric around the human body part to be
measured, and after suitable heat absorption time,

— measuring the temperatures of the human body part by thermally imaging
an unwrapped, planarly arranged sock or fabric with the thermal imaging
means.

22. A server with a software for diagnosing existence and progression of diseas-
es of patients by imaging and mapping temperatures of human body parts, and
analyzing differences between human body parts and changes in view of time,
wherein the software is configured to execute the following steps when run in a
processor:
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— capturing at least one thermal image of the human body part from at least
one direction by thermal imaging means, comprising temperature values in a
predetermined area of the human body part,

—receiving and analyzing the thermal image information in a data analysis
unit, characterized in that the software is further configured to execute the
following steps of

— comparing the thermal image information to at least one reference image
information by the data analysis unit using artificial intelligence algorithm or
algorithms, where the reference image information is either a previously tak-
en thermal image of the same human body part of the patient, a thermal im-
age of a correspondingly symmetrical part of the human body part of the pa-
tient, and/or thermal image information picked from a cloud data bank com-
prising information of all available patients, and

— giving a health status parameter by the data analysis unit based on the per-
formed comparison.

The server according to claim 22, characterized in that the software is con-

figured to execute the step of:

24.

— cognitively updating the cloud data bank by adding the taken thermal image
information together with its deduced parameters, and/or health status de-
termination result given by a doctor into the cloud data bank, as part of a
learning system in which the server is part of.

The server according to claim 22 or 23, characterized in that the software is

configured to execute the step of performing pattern recognition and pattern classi-
fication on the obtained images by artificial intelligence algorithms.
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additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applioant. Consequently, this international search report is
restrioted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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