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DETECTION OF SELECTED FACE AREASON THERMOGRAMSWITH
ELIMINATION OF TYPICAL PROBLEMS

The paper presents an algorithm enabling a fullpraatic detection of characteristic areas on thgnams
containing patients’ faces in a front projectionresolution of problems occurring at the segmematif face images,
such as a change of position, orientation and stale been proposed. In addition, attempts to editeithe effect of
the background and of disturbances caused by tineuhand the hairline were made. The algorithm rbayused to
detect selected points and areas of a face orpaslianinary component in the face recognition, adeselopment of
optical analysis methods or in the quantitativelysis of face on thermograms.

1. INTODUCTION

The studies on the face analysis and recognitioe baen carried out for a few decades, numerous
examples may be found in the literature [1, 2M8)st of them are related to studies in the ligbtyaver,
in recent years attempts have also been made tthesaograms in such areas as the medicine [5; 6] 0
face recognition [7, 8]. In medicine the thermogsananalysis is used in several areas, i.e.
ophthalmology, dermatology, stomatology, laryngglogeurology and neurosurgery, examples have
been described in the literature [9, 10].

Examples of human thermograms are presented irL Fithermograms, which may cause problems
at the segmentation and analysis, have been iedicat purpose. Disturbances caused by the backidjroun
(Fig. 1 a), thick hair around the forehead (Fig, ) and luxuriant haircut (Fig. 1 ¢) may be aled
here. The brightness of individual pixels of theage depends on the temperature of specific poititeof
object studied acc. to a visual scale of tempeeafig. 1. f).
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Fig. 1. Examples of thermograms with typical dibauces.
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IMAGE PROCESSING

2. ASSUMPTIONS AND THE PROCESS OF PREPROCESSING

In the case of quantitative analysis it is not gmedo determine precisely the temperature vatues
to perform a statistical analysis of the resultsaoied. The software delivered together with therision
cameras does not allow automating the processalysis. The studies described in this paper ar@cim
at preparing an algorithm for automatic analysiface thermograms.

Fig. 2 presents selected points and areas (detaatechatically by the algorithm) and their position
on an optical image and on a thermogram.

When developing the method proposed an attempt mvade to automate the temperature
normalisation threshold to distinguish a silhouditten the image and to fulfil the assumptions made
previously, i.e.:

» elimination of the background disturbances andefhaircut effect;

» determination of characteristic points of a face, the point of the face symmetry axis and
eyebrows axis intersectioP@), centres of the left and right orb@L, POP), extreme
points of the noseP(\L, PNP), extreme points of eyebrowBEL, PBP ), points of the upper
end of sinusedPNLG, PNPG );

» determination of areas, i.e.: eyebrows liB&,(BP), eyes areadL, OP), nasal (maxillary)
sinusesNL, NP), foreheadCL, CP);

* automatic performance of the detections and meammes mentioned without operator’s
intervention;

* quantitative analysis of the image, i.e. the measent of areas surface and temperature
properties.

Fig. 2. Selected face areas subject to the temperateasurement.

In the studies published so far [11, 12, 13], dipieary image normalisation and the elimination
of the background disturbances by means of theriligo presented was carried out based on the
temperature threshold adopted as a result of arpets and observations. In the studied group ofj@sa
a value ofTy = 28.3 °C was set, which allowed eliminating prbpenost of the problems related to the
background and haircut. However, in single caseeetiwere problems with the determination of proper
outline of the head, with the determination of sige and with the determination of the temperature
threshold in such a way as to avoid the haircugogff

Attempts to apply the Otsu method used in theditee [6] also were not fully satisfactory for the
studied group of images. Therefore attempts werdentia automate the process of temperature selection
taking into account the results obtained and trepgnties of areas determined after the operation of
threshold setting. The range of temperature arglyas determined based on observations:

RangelT =T.; 1Ty (1)

where:
Tmint  —Minimum temperature on the thermogrdim= 28.3 °C — set temperature.
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An assumption was made that the best area of pat&thouette for further segmentation should
be as small area as possible obtained as a rdsthiteshold setting with automatically set threshol
should not contain “holes” and should not signifit deform the silhouette. To determine such &nea
relationship has been determined:

Wsp(index) = (PO - I:)Max(index)) / ‘(E(index))‘/ N(index) (2)
where:
Po —area of image studied Bfrows,N columns dimension;
PwMax(index) —surface of the largest area created after thelibte setting index);
E(index) —Euler number for consecutive images created #feethreshold setting;
N(index) —number of areas in the image studied after thestioid setting operation.

In the process of temperature value determinatf@algorithm analyses the set temperature range
(Tmint to Ty). The range is analysed with an iteration ste@\5£0.25 °C. The operation of threshold
setting is carried out for each value of tempemtlror the binary image determined in this way,
Laingndex), coefficient {Vspiindex) iS determined — for the largest area obtained essult of the “threshold
setting”. As a result, the algorithm determines #nea of patient’s silhouette, being the smallesa a
without “holes”.

Fig. 3 a) b) present results for thermograms froim. F a),d). It is characteristic that these
disturbances are eliminated and at the same timesithouette is not subject to major deformations,
which could affect further segmentation.

A proper determination of the examined person silti®@ has a positive impact on the precision of
operation of further algorithm blocks. It allowstelenining properly a potential centre and shapthef
head and its approximate height, using an actimoco.

A preliminary determined, as a result of erosicentee of head area is used to initiate an active
contour. After the segmentation using the activet@ar the head height is determined as well as its
preliminary orientation based on the shape obtaikégl 4 presents examples of this operation — the
segmentation using the active contour (balloon tyflee automatically determined head height and the
detection with TSzablon (TTemplate).

3. DETERMINATION OF HEAD ORIENTATION

Based on the data on the head size and anthropomaationships of the face as well as analysing
examples in the literature [6, 14, 15, 16] a detethereinafter referred to as the TSzablon) — Fig).
Analysing the information on the brightness (tenapane) distribution taking into consideration tregal
on the face symmetry, it determines charactergtiats o, Ps . Psp — Fig. 2 b) on the thermogram. In
addition, the detector determines precisely the fartentation by determining the eyebrows line Hrel
axis of nose symmetry.

The basic magnitude of the TSzablon consists dfeight (arm) . It is determined based on
automatically determined head heightHs. Numerous tests have shown that even despite gakin
pictures from the same distance to the face notannhsalue of the magnitude may be assumed for the
detector. The head size changed depending on tserpexamined. Therefore an attempt was made to
select automatically the TSzablon magnitude) (based on the head size and shape. The beserfici
was achieved at the set value of:

|4 =0.3H, 3)
where:
| — basic magnitude of the Template;
Hes  — approximate head size (height).
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The determination of orientation and eyebrows Baobstantially simplifies further analysis of the
image, allowing extracting the head area from thage and determining the vertical position of teef
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Fig. 3. Schematic presentation of the detector zab®n.

Fig. 3 c) presents a visual model of the TSzablghen designing the detector it was assumed that
the characteristic areas fulfil certain definectieinships:
» the brightness of the eyebrows area is lower tHidneoupper part of orbits area;
» there is a symmetry in the distribution of briglgs@f the eyebrows line area and of orbits;
» the brightness of the nose area is lower thanetmpérature in the orbits area.
Precisely determined eyebrows line and the nosergtry axis allows then narrowing the area of
searching in the process of orbits and nose detecti
During numerous tests the optimal values and oelaliips between significant characteristic areas
of the face have been determined, marked in Foj. 3
Fig. 4 a, b and c present proper detections, atryng head orientation, and axis OY in relation to
which the orientation is determined. A proper diébecof the head outline using the active contour
allows determining automatically heighlz. Based on the orientation of sectiblg and its length the
TSzablon takes preliminary values for further as@ly-ls< and anglesc.

a)a=0 c)a=-40

Fig. 4. Examples of detection by means of TSzafldoma varying orientation of the head.

The analysis with the use of the TSzablon is cdroiat in two ranges:
e inscale 1:2 - preliminargG-10< aTsz 1., < aG+10 with a step\ atsz;., = 2°.
* inscale 1:1 - verification steprdsz1.0-5< aTsz1.1< aTSz1.2+5 with a steph atsz; = 1°

where:

oG —the orientation of head determined based os¢hton being the head height;
0TSz —the orientation angle of the TSzablon in 1:2 segbeeliminary stage;

0TsZ11 —the orientation angle of the TSzablon in 1:1 sealerification stage;
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In certain cases in the case of selecting smadleges the TSzablon could not determine correctly
the proper orientation. The division of proces® itwo stages substantially increased the speebi®f t
algorithm’s block operations. Fig. 4 b, Fig. 4 cist also possible to observe that the preliminary
determined head height is not always consistenh i actual symmetry axis. Therefore a precise
verification using the TSzablon allows accurateedatnation of the orientation.

4. DETECTION OF ORBITS AREA

After a proper detection of the eyebrows line, nasd head orientation, the next step consists of
the orbits area and their centres detection. Becatis warmer interior of orbits as compared witairt
vicinity, the edge detection method may be usetktermine their outline. The best results wereeasd
using the Canny method. The information obtainetdiezaon the head size and on the position of the
eyebrows line allowed defining a potential area dobits searching. The Hough transform has been
applied to their detection, which is used in swadks$, most often for the light [17, 18, 19, 20].

However, in the solution proposed the greatest blaaws of this method have been eliminated, i.e.
problems with the selection of the ellipses size @aith the ellipses analysis in the case of rotatibhis
was possible due to the automatic detection ofhibeed size, using the active contour, and to the hea
orientation determination by means of the TSzablorthe calculations the following ranges of orbits
ellipses sizes have been assumed:

Longer semi-axis in thBXOka range:

0.2Isk < RXOka < 0.41sk 4)
Shorter semi-axis in thHeYOka range:
0.1[Isk < RYOka< 0.2[1sk 5)

As a result of segmentation of a potential areaallgerithm determines the orbits centres and the
maximum size of ellipses. Based on this the outing position of area®(, Op) — presented in Fig. 2 ¢
are then marked

5. DETECTION OF NOSE

In the case of thermograms the detection of chariatit points of the nose turned out to be a bit
more complex. The methods proposed for the lighhsas detection methods for the nostrils centrg [21
or the symmetry axis could not be used [22]. ThengXes of detection used in the thermovision based
on the brightness (temperature) in the nose sudioge also were not an ideal solution [23].
Characteristic points of the nose are not alwayswsble and easy to detect. Therefore it wasassary
to determine other invariants on the image, whatalisation will be possible for each of the images
examined. Because of the TSzablon application, pilediminary determined position of the nose is
precise. Therefore the nose height and symmetsy(&4j. 4 a, b, ¢) and hence the searching argebma
determined relatively easily. The extreme left aglit points of the nose were taken as the chaiatite
ones — Fig. 5 a. Fig. 5b shows these points (oéted by the algorithm) and another two allowing
marking the upper scope of nasal sinus®gd, Pnec). The next image Fig. 5 ¢ presents the detectfon o
characteristic points including the marking of sies area.

Especially prepared structural elem&aik, (Fig. 5 d), is used for the detection of pointrpdPnL,
Pnp). The standard of brightness (temperature) digiiob is considered as well as the mutual positibn
the left and right element — distance D. The amalysanges are determined based on the position ant
distance of orbits centres.
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Fig. 5. Assumptions and an example of detectiah@hose points including the $Element.

To detect the other points necessary to mark thesss the algorithm also determines poiRtgd,
Pnpc), Which are the intersections of section AB (caldimey with the lowest situated point of orbits) kit
side axes of the nose — connecting poiatavith Py andPy with Pye (Fig. 5 €). The outline of sinuses is
determined by a spline. A proper detection of nusats Pn., Pne) position enables determination of the
nasal sinuses area. In addition, it allows verdyihe symmetry axis of the face, preliminary detagd
by means of the TSzablon.

6. DETECTION OF FOREHEAD

The detection of forehead is based on the infoonatibtained in previous steps of the algorithm.
The input parameters received by the forehead ti@beblock comprise the determined eyebrows line
and the preliminary determined upper outline offdrehead area defined acc. to the TSzablon maigitu
datals. Fig. 6 a presents a potential area of the forkhednich is then analysed from the haircut
disturbances elimination point of view. Examplesied forehead area detection and analysis in ¢ |i
and in the infrared radiation are presented in afi 24, 25, 26]. In the method proposed, to addtee
forehead area and the hairline, a preliminary igaiion of the area was applied on the basis of §
sample standard deviation for each pixel of thepl forehead area. Because of a high diversithe
set of thermograms studied this solution was noteusal. Therefore attempts were made to analyse th
histogram, the preliminary determined forehead #&Fég 6 a) and to determine the condition of péxel
selection based on the results obtained in this way

" a) b)

Fig. 6. Assumptions and an example of detectiah@forehead area.

After correctly detection of hairline, very impontais also definition of symmetrical areas of
forehead, to compare each other. Symmetry axisrehkad is computed precisely, based on coordinates
of points Py, Pne — Fig. 5 a. Next, in result of AND operation betweenages right and left part of
forehead, properly shape of forehead is detectgdora).
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7. QUANTITATIVE ANALYSIS OF THERMOGRAMS

The properly determined points and areas providessibility to use a computer in the process of
thermograms analysis. Because of that it is passtbtarry out faster the entire process of measemes
and to obtain finished measurement results of teatpes and of required areas surface without tleel ne
for user’s intervention. The results repeatabilgyalso important, which is simply unachievablethg
manual marking of required areas. Thanks to thegvesl user interface it selects only the image and
starts the function of analysis. The finished rssate presented in a graphical form with a polsitaf
saving the data in a file.

Table 1 presents the results of average temperataesurements of the determined areas for the
selected thermogram. A change of orientation wlaiedniced so as to verify its influence on the ressof
measurements — values as in Fig. 7. The areas warkeed as in Fig. 2 c¢). It has been observed that
despite the introduction of rotation and positidramge the measured values are nearly identicalt wha
confirms the detection efficiency of the proposégbathm as well as its independence of the origoa
and translation. This also shows a possibilityhaf presented method application to a computer sisaly
of the face temperature on thermograms.

Table 1. Results of temperature measurements frerthrmogram in Fig. 7.

Area Average temperature in areas for rotation [°C]
-35° Q° +20°
O. 34.26 34.26 34.26
Op 34.46 34.40 34.42
CL 34.02 33.93 33.98
Cr 33.81 33.79 33.74
N_ 32.22 32.04 32.05
Np 32.09 32.21 32.22

8. CONCLUSIONS

Fig. 7 presents the final results of thermograngmsntation. The method’s efficiency may be
observed at a change of the examined person stleopesition and orientation. The method for
temperature threshold detection in this group odges described at the beginning allowed a proper
selection of the threshold at the normalisatioexamined images. The head and its outline deteatam
more precise than in the studies so far and alloglgdinating at this stage the problems with akhic
hairline (of too low temperature). An automaticed#ion of the head size using an active contoubleda
the normalisation of the head size, allowing addgily a preliminary determination of the angleitsf
symmetry axis orientation. The application of th8zablon described as a precise detector for the
orientation and eyebrows line enabled determiniegposition and angle of head orientation in refatd
0Y axis. Fig. 7 presents the results of segmemtatiothe required areas and face characteristiotpoi
with the normalisation of the position, scale anthtion for the thermogram in Fig. 1 b in 3 varg&ant
When the head was in a position close to the \arfity. 7 a. At the rotation by = 20 —Fig. 7 b, and
o = - 35 Fig. 7 c. The presented mechanism for face elesrdgtection and localisation may be used not
only as a tool for temperature measurements omibgmams. Its application in related fields alsonsee
possible, e.g.:

» as the first stage of the face recognition progessometric systems,
» at the designing of man-machine interface,

» as a development of optical face analysis methods,

» 3D face modelling.

Based on the analysis of results obtained the stge of work on the algorithm may comprise
increasing its precision and optimisation.
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Fig. 7. The source image and results of segmentédioselected cases.
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