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Dynamic Thermal Models for Human Body Dissipation

Abstract

The IR emissivity of human skin is extremly high and measurements of 
infrared radiation emitted by the skin can be converted directly into accu-
rate temperature value. This process is known as Body IR Thermography. 
Skin temperature increase  associated with increased vascular flow and 
increased metabolism. In this paper a novel multi-resolution real-time 3D 
thermal imaging system as potential solution for a human body 3D thermal 
models standardisation is presented. The system consists of a high-resolution 
offline 3D scanner and a real-time low-resolution 3D scanner, both of them 
paired together with a thermal imaging camera. The emphasis of this paper 
is the presentation of the novel concept of the standardisation of human body 
3D thermal models, captured by the multi-resolution real-time 3D thermal 
imaging system. The standardisation procedure utilises skeleton detection, 
skeleton transformation, mesh optimisation, and texture mapping. The pre-
sented concept enables novel and practical methods for human body 3D 
thermal models comparison and analysis.

1. IntroductIon

Infrared imaging (IR), or simply thermography, is an extremely sensi-
tive diagnostic test that measures and records surface temperature and 

natural heat distribution in the body. The applications of thermography 
in medicine for the diagnosis of various disease processes have expand-
ed over the past decade coincident with technological advances in ther-
mal imaging.

The medical use of IR is not new. However, with the recently im-
proved sensitivity (around 0.02 degree Celsius) of the new generation of 
infrared sensors, IR is beginning to be a safe, efficient and reliable meth-
od for the study of some human diseases1.

Infrared thermography also known as thermal imaging can provide 
accurate, nondestructive information about the thermal envelope per-
formance (thermal texture) of any objects or organism. This includes 
validation of structural details, verification of energy performance (con-
duction and air leakage), location of moisture intrusion, and the iden-
tification of energy dissipation. 

Our aim is a non-invasive imaging technology to allow monitoring 
of energy dissipation processes at organism. This technology is based on 
integration of visible 3D imaging and thermal imaging principles. Ther-
mography has been used for decades by biologist and clinicians to assist 
with diagnosis of biomechanical and medical physiology problems. New 
5D Dynamic thermography technology represent the enhanced imaging 
which provide quantifiable multidimensional and multispectral data 
sets.  
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The dissipation of thermal radiation can be observed by 
the means of thermal infrared (IR) cameras (in continua-
tion: thermal camera). Thermal cameras generate images 
representing the distribution of thermal infrared radiation 
on the surface of objects through a process called thermal 
imaging (or short, thermography). Thermal imaging spans 
a wide range of applications from industry (1, 2) and med-
icine. Medicinal applications are especially interesting, as 
the physiological state of the human body greatly reflects 
on the temperature distribution on its surface (3) and can 
be seen as a clear indicator of bodily dysfunction (4).

Analysing the surface temperature distribution from a 
single thermal image (thermogram) is referred to as static 
thermal imaging commonly used to determine the cur-
rent thermal state of an object or an organism (5). Some 
thermal processes either need to be monitored over certain 
time periods, or exhibit change rates which cannot be 
approximated as static. For this purpose, dynamic ther-
mal imaging (DTI) is applied (4). DTI can be performed 
in a passive or in an active manner. Passive DTI includes 
monitoring of only the thermal energy irradiated by the 
observed body (6,7) while in active DTI external modi-
fication of the body’s temperature is applied (8), such as 
heating or cooling the observed body.

DTI raises the question of accurate comparison and 
analysis of a series of thermal images, as well as repeat-
ability of measurements and comparison of thermal im-
ages from a number of different subjects. Several thermal 
standardisation protocols for capturing a series of thermo-
grams from the whole body for ROI analysis have been 
proposed (9). However, such ROI analysis from planar 
thermal images can produce incorrect results due to loss 
of information if 3D shape of the body is not considered. 

A solution for the thermogram standardisation prob-
lem can be provided in the form of a 3D thermal imaging 
system, that combines 3D scanning techniques (10) with 
thermal imaging, producing 3D models with thermo-
grams as surface textures (11, 12, 13). The knowledge of 
depth data can significantly influence the complexity and 
performance of tasks such as body part classification and 
ROI detection (14).

In this paper, a concept of the standardisation of hu-
man body 3D thermal models is presented using a multi-
resolution real-time 3D thermal imaging system. First, a 
detailed description of the multi-resolution real-time 3D 
thermal imaging system is given.  Afterwards, the concept 
of standardisation procedure of human body 3D thermal 
models is presented.

2. MultI-resolutIon reAl-tIMe 3d 
therMAl IMAgIng systeM

A common approach to 3D thermal imaging combines 
a 3D scanning device with a thermal camera as shown in 
Figure 1(a), in order to obtain 3D models with tempera-
ture distribution as surface textures. Multi-resolution real-

Figure 1. The configuration of system components: a) generic con-
figuration, b) multi-resolution real-time 3D thermal imaging sys-
tem components configuration. 

time 3D thermal imaging system is a novel approach 
based on our previous work (12,15). The system combines 
these two previously developed 3D scanning techniques 
of complementary specifications, to produce a system ca-
pable of acquiring 3D thermograms at multiple resolu-
tions and acquisition latencies. A generic depiction of such 
a system is presented in Figure 1(b). 

2.1. static 3d thermal Imaging 
component

The 3D thermal imaging system presented in (12) 
combines a 3D scanner with a thermal measurement cam-
era, to produce high-resolution 3D thermal models of 
static subjects. The 3D scanner is comprised of a Digital 
Light Processing (DLP) projector and a digital RGB cam-
era, Figure 2. Although this system enables the acquisi-
tion of high quality 3D thermal models, one of its great 
limitations is the high latency of the 3D scanning process.

2.2. dynamic 3d thermal Imaging 
component

The imaging system presented in (15) enables the con-
struction of 3D thermal models in real-time at rates of 30 
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frames per second. The system consists of a near-infrared 
(NIR) projector, NIR camera, RGB camera and a thermal 
measurement camera, Figure 3. A great advantage of this 
system is its high acquisition rate, which enables dynam-
ic 3D thermal analysis of a human subject in movement. 
However, the downside of the system is the relatively low 
resolution for 3D model acquisition. 

2.3. Implementation of the Multi-
resolution real-time 3d thermal 
Imaging system

Each of the two presented systems can be used for 3D 
thermal imaging, however, their specifications differ in 
acquisition rates and quality of output models, which may 
limit their application under certain conditions. Com-
parison of these two subsystems is presented in Table 1. 
In order to exploit their mutual benefits, these subsystems 
have been combined into a single system. The implemen-
tation of the multi-resolution real-time 3D thermal imag-
ing system is shown in Figure 4.

systeM cAlIbrAtIon

Calibrating a single camera can be performed in sev-
eral different ways (16, 17, 18). Calibration of the system 
components described in this work is based on the pinhole 
camera model extended for stereo calibration of the RGB 
and thermal cameras with the depth camera, similar to 
the calibration process described in (19). Calibration of a 
single camera consists in determination of intrinsic and 
extrinsic parameter matrices, which transform a point 
from the homogeneous 3D space coordinates to a homo-
geneous 2D point on the imaging plane. The matrix of 
intrinsic parameters contains the principal point (u0, v0), 
the focal length fX and the scaled focal length fY = k fX, 
where k is the aspect ratio of a pixel (20), depicted on 
Figure 5. The matrix of extrinsic parameters contains the 
external position and orientation of the camera in the 3D 
world, in the form of rotation and translation compo-
nents. To determine the values of these parameters, a 
maximum likelihood solution can be found, as shown in 
(16, 19).

In order to calculate the calibration parameters of the 
cameras, reference points have to be determined. Point 
selection tends to be a difficult challenge in the cases of 
thermal (21, 22) and depth cameras (17), as the flat print-
ed-out checkerboard cannot be distinguished by these 
modalities. Therefore, in our previous work, a novel cali-
bration pattern that is visible to each of the three imple-
mented modalities has been presented (15). The pattern is 
given as a flat board made out of a thin thermal insulation 
material, containing rectangularly shaped holes cut 
through the board in a checkerboard pattern, Figure 6. 
The reference points are selected from a series of images 
of the same scene, taken simultaneously by each camera 
present in the system.

Figure 2. Configuration of the static 3D thermal imaging compo-
nent. The component consists of a high-resolution RGB camera, a 
DLP projector and a thermal measurement camera.

Figure 3. Configuration of the dynamic 3D thermal imaging com-
ponent. The component consists of a RGB camera, a depth camera 
and a thermal measurement camera.

Figure 4. Implementation of the multi-resolution real-time 3D ther-
mal imaging system.
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Figure 5. Depiction of the pinhole camera model: a) relation between the camera position and the imaging plane in 3D space, b) view of the 
ZY-plane of the same coordinate system, c) imaging plane with the principal point.

Figure 6. Calibration pattern as seen by: a) RGB camera, b) thermal camera, c) depth camera.

Figure 7. Stereo calibration of system components.

Figure 8. The general workflow of the standardisation system for 
human body 3D thermal models.

The multi-resolution real-time system presents a com-
plex composition of three imaging modalities: depth cam-
era, 3D scanner and thermal measurement camera. Each 
component is calibrated in a manner analogous to the 
previously described calibration procedure, Figure 7.

3. towArds stAndArdIsAtIon of 
huMAn body 3d therMAl Models

In order to enable reproducibility and comparison of 
different human body 3D thermal models, a standardisa-
tion procedure is required. To provide sufficient quality 
and suitability for standardisation of full human body 3D 
thermal models, a novel concept of standardisation pro-

cedure has been presented in the scope of this work. A 
general workflow of the multi-resolution real-time 3D 
thermal imaging system improved with standardisation 
and refitting principles is shown on the Figure 8.

3.1. standardisation Procedure 
concept

Standardisation procedure concept is based on finding 
correspondences between a scanned 3D Thermal Model 
of a human subject and a Reference 3D Model. The work-
flow of the standardisation procedure concept is depicted 
in Figure 9.
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Figure 9. Workflow of the standardisation procedure.

Figure 10. Human body 3D models of: a) the designed triangular 
template 3D model of the human body, used for standardisation 
procedure, b) the high-resolution 3D scan sample.

Figure 11. Illustration of human body space and skeleton joints: a) skeleton model representation of the human body, where points represent joints, 
while the lines connecting them are the bones of the skeleton, b) sagittal, coronal and transverse plane of the human body.

Reference 3D Model is predefined as a closed triangu-
lated 3D mesh based on real human body 3D scans with 
additional manual processing. To provide higher quality 
of standardisation, the template model is required to con-
tain a large amount of surface polygons, Figure 10(a). The 
scanned 3D human model is also given as a triangulated 
3D mesh providing only the reconstruction from a single 
point of view, Figure 10(b).

A scanned 3D thermal model is presented to the Skel-
eton Detection process. Skeleton detection of the observed 
human subject is used for the coarse step of template mod-
el transformation. Robust and efficient skeletal detection 
algorithm that can predict the 3D positions of body joints 
from a single depth image without any additional tempo-
ral information is presented (14). Detected body joints are 
used for calculating affine transformations of skeleton 
bones, where each bone is defined by two body joints.

The coarse transformation of the template model is 
performed in the Skeleton Transformation process of the 
workflow, where the shape of template’s skeleton is mod-
ified to closely match the skeleton shape of the scanned 
3D model. These modifications include affine transforma-
tions of skeleton bones, such as scaling of the skeleton 
bones for models size compensation, and also rotation and 
translation of each skeleton bone performed through skel-
eton kinematics. The template model is first scaled by a 
factor g, as shown by equation (1):

g = , ,,

, , ,

shoulder SCANNED hip SCANNEDs SCANNED

s TEMPLATE shoulder TEMPLATE hip TEMPLATE

p pl

l p p

−
=

−
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where g represents the ratio of spinal bone lengths of the 
scanned and the template model, ls is the length of a spi-
nal bone, and p is the coordinate of a joint in 3D space. 
The spinal bone of a skeleton is determined by the shoul-
der-centre and the hip-centre joints of the skeleton, as 
shown on Figure 11(a). After scaling, the template model 
is translated and oriented, so that its spinal bone joints lie 
at the same coordinates as the ones of the scanned 3D 
model. Additionally, the template model needs to be ro-
tated around the spinal bone vector to match its coronal 
plane to that of the scanned 3D model, Figure 11(b). The 
coronal plane of the model is determined by fitting a plane 
in 3D space through the four joints of a model: left and 
right hip, hip centre and shoulder centre, Figure 11(a). 
Left and right shoulder joints have been omitted from the 
regression procedure because of the wide range of posi-
tions that they can be oriented in. After fitting the coronal 
plane of template to the scanned 3D model, joint adjust-
ment for pose estimation is performed. Bones of the tem-
plate model are then scaled to the size of the correspond-
ing bones of the scanned model. Last step of the skeleton 
transformation process includes the use of skeleton kin-
ematics to adjust the positions of the template model’s 
joints to match those of the scanned model.

The result of skeleton transformation is a modified 3D 
template model that estimates the pose of the scanned 
human body 3D model. However, the surface of the tem-
plate model still significantly differs from the targeted 
scanned model. In the next step, the Vertex Deformation 
process, an optimisation procedure is applied to the tem-
plate mesh, where the goal of the optimisation is the mi-
nimisation of differences between the scanned and the 
template model’s meshes (23, 24). A simplified 2D case 
of the presented 3D optimisation procedure is depicted 
on Figure 12(a). Matching the surface of a template mod-
el onto a target model is detailed described topic (23, 24, 
25). The most suitable method for the mesh optimisation 
procedure is described in (26) where the main approach 
depends on manual marker selection on both the template 

and the target model. Markers are a set of corresponding 
points on both models. Markers are intended to prevent 
the optimisation process getting stuck in a local mini-
mum. In our case, using skeletal transformation to align 
the meshes prior to the optimisation procedure mini-
mises the chances of ending up in a local minimum. For 
every vertex vti of the template model, an affine 4 ´ 4 
transformation matrix Ti is defined. These transformation 
matrices determine twelve degrees of freedom for the op-
timisation search space (nine rotation and three transla-
tion parameters). Before running the optimisation proce-
dure, the background polygons are removed from the 
template model to avoid unwanted deformations that are 
caused by matching a closed template model to an incom-
plete scanned model. As in (26), a quasi-Newtonian 
solver L-BFGS-B can be used to obtain the affine trans-
formation matrices that move all of the points of the tem-
plate mesh towards the target mesh. The criterion for 
optimisation function E is used which is defined as the 
weighted sum of error functions:

2

1
( , )

n

d i i i
i

E w dist T v D
=

=∑  (2)

{ }{ }

2

, , ( )
i

s i j F
i j v vj edges

E T T
∈

= −∑
t

 (3)

E = aEd + bEs (4)

Here, Ed is the data error function, Es the smoothness 
error, and E the objective function. The data error func-
tion, Ed, represents the sum of squared distances between 
each vertex of the template model and the scanned mod-
el surface, where n is the number of vertices in the tem-
plate model, wi is the weight parameter for controlling the 
influence of data in different regions, and dist(.) is a func-
tion that computes the distance to the closest compatible 
point on the target model’s surface D. The smoothness 
error function ensures that the adjacent parts of the tem-
plate surface are not mapped to disparate parts of the 
scanned model surface. The Es term also encourages that 

Figure 12. Illustration of the Vertex Deformation process: a) match-
ing the surface of the template model t to the surface of the scanned 
model D, b) areas of the triangle used for calculating the barycentric 
coordinates of a point nt1 inside a triangle Dns1ns2ns3.

Figure 13. Workflow of the refitting procedure.
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the similarly-shaped features are mapped to each other. 
The complete objective function E is given as the weight-
ed sum of Ed and Es, where a and b weights are varied, 
so that features of the template mesh move freely and 
match up in the early stages of the optimisation, after 
which the data term is allowed to dominate.

In Thermal Texture Mapping process, thermal image 
from scanned 3d thermal model is textured onto the tem-
plate model. For this mapping a texture coordinates of the 
thermal image need to be determined for the template 3D 
model. In the previous step, the template model has been 
transformed in a way that its vertices lay on the scanned 
model’s surface polygons. For one specific vertex of the 
transformed template model, a single polygon of the 
scanned model can be identified, such that the vertex lays 
on that polygon, as illustrated on Figure 12(a). Each ver-
tex of the scanned 3D thermal model has texture coordi-
nates assigned to it during the scanning process. The 
texture coordinates of the transformed template model’s 
vertex can be obtained through barycentric coordinates. 
Barycentric coordinates are a form of general homoge-
neous coordinates that are used in computer graphics and 
many branches of mathematics. For any point vt inside an 
arbitrary triangle Dvs1vs2vs3, there exist three numbers l1, 
l2 and l3, such that:

vt = l1vs1 + l2vs2 + l3vs3 (5)

In equation (5) vs1, vs2 and vs3 are the vertices of a 
scanned model’s polygon in Cartesian coordinate space, 
and l1, l2 and l3 are barycentric coordinates. With one 
additional condition (6):

l1 + l2 + l3 = 1 (6)

the barycentric coordinates are defined uniquely for every 
point inside the triangle. Equation (5) can then be written 
as:

vt = vs1 + (vs2 – vs1) . l2 + (vs3 – vs1) . l3 (7)

Parameters l1, l2 and l3 represent, respectively, areas 
A1, A2 and A3 of the triangle Dvs1vs2vs3 depicted in Figure 
12(b), that are normalised to the area of the entire triangle 
AD. The area of an arbitrary triangle Dvs1vs2vs3 is calcu-
lated by equation (8):

AD = ( ) ( )2 1 3 1
1
2 s s s sv v v v− × −  (8)

The values of l1, l2 and l3 can then be obtained 
through equations (9)-(11).

l2 = s1 s3 t s32
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=

×∆

 (10)

l1 = 1 – l2 – l3 (11)

Given the barycentric coordinates of a point and the 
three vertices that define a triangle, Cartesian coordinates 
of that point can be obtained by equations (5) or (7). 
Once calculated in vertex domain, the barycentric coor-
dinates can be used to obtain correct texture coordinates 
of a template model’s vertex in a 2D image. Using the 
described method, thermal image can be correctly 
mapped on each vertex of the template model.

3.2. Refitting standardised 3D Thermal 
Models

Reverse process of standardization is called Refitting 
process, Figure 13. Refitting involves reprojecting the 
texture coordinates of a standardized 3D thermal model 
to the corresponding regions of scanned 3D human body 

TaBle 1
Comparison of system component characteristics.

High-resolution 3D thermography system Real-time 3D thermography system

Acquisition speed (s) ~ 1 ~ 0.05

Distance form object (m) 0.7 – 4.5 1.3 – 4.5

Resolution (mm) ~ 0.5 at minimum distance
~ 3 at maximum distance

~ 0.5 at minimum distance
~ 25 at maximum distance

Accuracy (mm) ~ 0.1 ~ 30

Potential applications Analysis of a very slowly changing or static 
processes with high-resolution
Medical applications - detection of inflamed 
parts, asymmetric distribution of temperature
Industrial applications - monitoring process in 
larger intervals

Possibility of analysis of dynamic processes with 
a lower resolution
Medical Applications - analysis of movement, 
rehabilitation, sports medicine
Industrial applications - monitoring rapidly 
changing processes
Static analysis is inherently supported
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model. The workflow is the same as one for the standard-
ization procedure. A transformation of the template 
model is performed, where each vertex of the template 
model is projected and approximately mapped onto the 
surface of the scanned model. Since the transformation 
between the template and the scanned model is known, 
the inverse process of refitting can be performed.

The result of the refitting process is given in the form 
of a scanned 3D model with an arbitrary thermal image 
mapped as a texture on its surface. The arbitrary thermal 
image can be taken from any previous standardized mea-
surement. The power of utilization of this procedure is 
that thermal measurements of one or more subjects can 
be analyzed and compared regardless of the shape of the 
subject’s body. Therefore, the procedure provides the pos-
sibility of finding correspondences in multiple 3D ther-
mograms, which can provide for novel and important 
diagnostic methods.

3.3. database of standardised 3d 
thermal Models

The results of the standardisation procedure, together 
with intermediate results, are stored in the database for 
later use. The idea of the database is to collect the stan-
dardised measurement data from one or more human 
subjects to provide several key benefits, including: 

•  Measurement reproducibility,

•  Monitoring the development of a medical condition 
of a single patient through time,

•  Automatic and semiautomatic (computer supported) 
diagnostics and medical condition classification,

•  Comparison of a large dataset of measurements for 
detection of abnormal deviations in human body 
temperatures.

To provide the information for the following analyses 
of obtained measurements, a single database entry con-
tains several useful information, including:

•  Original scanned human 3D thermal model ac-
quired with either of the 3D thermal imaging com-
ponents (depends on the application),

•  Calculated skeleton transformation parameters,

•  Calculated vertex deformation parameters for model 
matching,

•  Standardised human body 3D thermal model in the 
form of 2D thermal images and corresponding set of 
texture coordinates of a template 3D human body 
model,

•  Metadata – subject’s information and medical condi-
tions.

A potential application of the system standardisation 
concept is presented in continuation, the detection and 

annotation of regions of interest (ROI). Specifying re-
gions of interest on a human subject’s 3D thermal model 
depends on the context of the concrete application.

ROI Detection and Annotation process intends to de-
limit the borders of a ROI. There are three approaches in 
which regions of interest can be determined. The first one 
is based on the analysis of 2D thermal images, which is 
very practical in cases when temperature of the body ex-
hibits rapid localised changes. These inflamed areas are 
easily detected using common image processing tech-
niques, such as image segmentation and edge detection. 
Thermal image analysis can be performed completely au-
tomatically, or by manual selection of a specific area for 
inflammation localisation. The coordinates of an inflam-
mation’s border can be determined in 3D space using 
defined texture coordinates of standardised human body 
3D thermal model. The second approach for ROI detec-
tion is based on the analysis of human body 3D thermal 
model, both scanned and standardised. Manually select-
ed ROI borders of the scanned human body 3D thermal 
model can be converted to the standardised 3D thermal 
model space by using known texture mapping parameters 
calculated in standardisation procedure. The third ap-
proach is given as the combination of the former two: 2D 
thermal image features and spatial characteristics of 3D 
model of the subject’s body. Once identified on the tem-
plate model, ROI location can be compared with any 
other standardised 3D thermal model that has been ac-
quired, thus providing the option of monitoring the tem-
perature of a specific region over time, or comparison of 
that region with the scans from several different human 
subjects.

4. conclusIon

We advanced a 3D thermography imaging standardi-
zation technique to allow quantitative data analysis. 
Medical Digital Infrared Thermal Imaging is very sensi-
tive and reliable mean of graphically mapping and display 
skin surface temperature. It allows doctors to visualise in 
colour and quantify temperature changes in skin surface. 
The spectrum of colours indicates both hot and cold re-
sponses which may co-exist if the pain associate with an 
inflammatory focus excites an increase in sympathetic 
activity. However, due to thermograph provides only 
qualitative diagnosis information, it has not gained ac-
ceptance in the medical and veterinary communities as a 
necessary or effective tool in inflammation and tumour 
detection. Here, our technique is based on the combina-
tion of visual 3D imaging technique and thermal imaging 
technique, which maps the 2D thermography images on 
to 3D anatomical model. Then we rectify the 3D thermo-
gram into a view independent thermogram and conform 
it a standard shape template. The combination of these 
imaging facilities allows the generation of combined 3D 



Dynamic Thermal Models for Human Body Dissipation K. Skala et al.

Period biol, Vol 117, No 1, 2015. 175

and thermal data from which thermal signatures can be 
quantified.

This paper presents novel multi-resolution real-time 
3D thermal imaging system as potential solution for the 
human body thermal standardisation. The system consists 
of a high-resolution offline 3D scanner and a real-time 
low-resolution 3D scanner, both of them paired together 
with a thermal imaging camera. The real-time scanning 
component of the system provides the possibility of track-
ing the movement of a human subject for automatic ROI 
detection and dynamic motion compensation, while the 
high-resolution component provides acquisition of de-
tailed 3D thermal models which are more suitable for 
analysis.

The emphasis of this paper is the presentation of the 
novel concept of the standardisation of human body 3D 
thermal models, captured by multi-resolution real-time 
3D thermal imaging system. The standardisation system 
is composed from Standardisation and Refitting proce-
dures. The standardisation procedure consists of four dif-
ferent processes: Skeleton Detection, Skeleton Transforma-
tion, Vertex Deformation and Thermal Texture Mapping 
process. Detected skeleton used in Skeleton Transforma-
tion simplifies optimisation process in Vertex Deformation 
preventing the algorithm to end in local min.

Presented concept of 3D thermal model standardisa-
tion enables novel and practical methods for model com-
parison and analysis. Examples of such analyses include 
detection of differences between multiple 3D thermal 
models (obtained from one or more individuals) for train-
ing classifiers, automatic detection of inflammations, 
monitoring and diagnosis of various medical conditions 
that manifest through temperature change, etc.

However, the presented system concept is limited by 
several constraints. To enable the standardisation proce-
dure, the whole body of the subject has to fit in the re-
corded scene. As a consequence, the subject needs to be 
positioned far enough from the imaging system, which 
reduces the number of details that can be reconstructed. 
Thus, the greatest limiting factors for high-quality analy-
sis are the resolutions of the 3D scanning components, 
and the resolution of the thermal camera. Additionally, 
the depth estimation error grows with the distance from 
the 3D scanner and needs to be taken into account when 
constructing the system for specific applications. Standar-
disation procedure includes optimisation process which 
requires significant computing power for calculation 
making system incapable for real-time usage. This makes 
system limited only to the offline dynamic analysis of the 
captured human body 3D thermal models. Other limita-
tions include the occlusion of hidden body parts when 
only one 3D thermal model is acquired, standardisation 
error due to the model transformation and deformation 
process, speed of acquisitions, and the compactness of the 
system’s design.

Thus, the proposed system can be valuable for current 
and future medical applications, for modelling and simu-
lation of biological and physiological processes in human 
body, as well as for an important potential addition to the 
concept of the Virtual Physiological Human model. The 
new 3D thermographic technology represents an en-
hanced imaging which provides quantifiable multidimen-
sional and multispectral data sets. The measurement of 
temperature variation along the surface of the body, pro-
vided by multimodal  imaging, is becoming a valuable 
auxiliary tool for the early detection of many medical 
conditions. Multidimensional and multispectral visuali-
zation and the related field of visual analytics are opening 
the doors towards new interactive medical visualization 
technologies. Interactive visualization integrated with 
analysis and reasoning techniques permits new modes of 
exploration, discovery, reasoning and understanding. 3D 
thermography has predispositions to improve and define 
the non-invasive and more economical body condition 
and Health Imaging technology.
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