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Abstract: Problem statement: An important indicator of an individual’'s health iespiration rate. It is
the average number of times air is inhaled and leghper minute. Existing respiration monitoring
methods require an instrument to be attached top#tient’s body during the recording. This is a
discomfort to the patient and the instrument cadidledged from its positio®pproach: In this study a
novel noncontact, thermal imaging based respiratate measurement method is developed and
evaluated. Facial thermal videos of 16 childrene(agledian = 6.5 years, minimum = 6 months,
maximum = 17 years) were processed in the studg.rébordings were carried out while the children
rested comfortably on a bed. The children’s resipmarates were also simultaneously measured wsing
number of conventional contact based methé&usults: This allowed comparisons with the thermal
imaging method to be carried out. The image capateewas 50 frames per second and the duratian of
thermal video recording was 2 min per child. Thertial images were filtered and segmented to identif
the nasal region. An algorithm was developed toraatically track the identified nasal area. Thigioe

was partitioned into eight equal concentric segmértie pixel values within each segment were aeedrag
to produce a single thermal feature for that segrokthe image. A respiration signal was obtaingd b
plotting each segment’s feature against tiienclusion: Respiration rate values were automatically
calculated by determining the number of oscillatian the respiration signals per minute. A close
correlation (coefficient = 0.994) was observed leetwvthe respiration rates measured using the therma
imaging method and those obtained using the miesttise conventional contact based respiration oukth

Key words: Respiration rate measurement, thermal image pso@eS conventional contact,
respiration method, monitoring methods, thermal gimg, capture rate, nasal region,
concentric segments, pixel values

INTRODUCTION monitoring methods and the ongoing research tdéart
develop noncontact methods are provided.
Existing respiration rate monitoring devices

provide an estimate of respiration rate due to theContact respiration rate monitoring: Exhaled air is
complexities  associated with  measuring thissignificantly warmer, contains more Génd has more
physiological parameter (Murthy and Pavlidis, 2005ahumidity as compared with inhaled air. These
2005b). Respiration monitoring devices can be iflads  differences can be detected by suitable sensors to
in different ways, depending on their sensing typed estimate the value of respiration rate. Temperature
the manner in which they are applied. A classificet based respiration rate measurements use a nasal or
approach is by considering whether the sensingcdevi oronasal thermistor. This gives a semi-quantitative
makes contact with the subject’s body (i.e., a @nt estimate of respiration rate, but it suffers fronmigh
method) or the measurements could be performed atiacidence of thermistor displacement (Storek al.,
distance (i.e., a noncontact method). In the falhlgiwo  1996). The volume of exhaled air measured by a
sections, a review of contact and noncontact ratspir  pressure transducer provides a mean by which
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respiration rate can be obtained (Shneerson, 208%; ECG-Derived Respiration (EDR) monitoring. It is
Chiong, 2006). The air pressure can be measured vigelieved that the ECG signal is affected by the
nasal cannulae, mouthpiece or facemask. A limitatio respiratory cycle. The changes in the heart pasitio
of this method is that some subjects may not feetelative to the measuring electrodes and the clsaime
comfortable with a pressure sensor (Tobin, 1988) anthe lungs’ volume are reported to produce this atffe
the collector can affect respiration by increasing(Mazzantiet al., 2003). An EDR monitoring has been
deadspace. There is also the phenomenon of atifici reported using a single-channel ECG that did neeha
increasing the respiratory rate for a period as thp pe a pre-cordial lead (Dirg al., 2004). Respiration
individual is aware of the measuring device. rate monitoring during sleep has been performed by
A CO, sensing respiration rate measurement methoﬁnalysing the amplitude and duration of the R-weave
has been reported by Folkeal. (2002). They indicated QRS area of the ECG (Furmeinal., 2005).
that subtle design changes in the collecting desizdd
cause large differences in the sensor’s performance Noncontact respiration rate monitoring: In contact
Respiration process produces a distinct sound th@éspiration monitoring, the subjects can be
can be detected using a suitable microphone plaead  jnconvenienced by having the sensing device inamint
respiratory airways or over the throat. A respiatiate  \ith their body. Also, the sensing device can be
measurement system using this principle was repdiye  gisiodged, interrupting the monitoring. There ateoa
Werthammer et al. (1983).The sounds generated byphygiene issues arising from attaching devices ® th
snorting, speaking, crying, coughing negativel\eettd  patients. Therefore, the development of noncontact
the operation of the system. A microphone placedhen respiration monitoring methods has been considired
neck enabled a respiration signal to be producetl ary number of studies. A critical review of noncomtac
provided a miniaturised wearable 2 respiration rtaoinig respiration monitoring in medical care is providied
system (Corbishley and Rodriguez-Villegas, 2008). (Folke et al., 2003). Ultrasound, radar, microwave,
Another respiration rate measurement technique igjgeo image processing, optical image processirdy an
based on detecting the movements of the chest qprermal image processing were approaches repasted t
abdominal wall using pressure sensing bands. Tw@chjeve noncontact respiration monitoring.
bands can be used. The thoracic band is placedérou A respiratory signal has been produced by
the top of the thorax and passes under the armTii&s  analysing the internal diaphragm motion using two
abdominal band is placed over the abdomen at the¢ le gimensjonal ultrasound (Xu and Hamilton, 2006). In
of the umbilicus. The bands are made fromgnother study two ultrasound sensors were posiiane
extendible/deformable conducting materials (eit@er tont of a subject’s face at opposite locations Kb
very fine wire or a thin foil) to allow conductivitbe 5. 1996). The variations in the differential trartgne
maintained during stretching (Lee-Chiong, 2006;m8lo  of the two ultrasound signals, reflected from theef
2004). The changes in the lungs’ volume alter thgyere processed to monitor respiration.
pressure detected by the bands and thus a respirati A low power 2.4 GHz Doppler radar with
signal is produced. proprietary hardware and software enabled respiraite
Oximetry  (SpQ) based respiration rate measurement (Droitcouret al., 2009). The radar
measurement uses red or infrared frequencies t@ansmitted toward the subject's thorax at a déstaof
determine the percentage of hemoglobin in the blooébout one meter and the chest movements were etktect
that is saturated with oxygen. This percentageai®® by comparing the transmitted and received signals.

blood saturation or SpAKMS, 2006). A SpQ meter It has been possible to monitor respiratory relate
can simultaneously display the Sp@vel as well as chest wall motions of subjects in bed, covered tspfa
respiration rate. comfortable bedding, using a microwave system fathc

A number of studies have demonstrated theo the ceiling (Uenoyamet al., 2006). Breathing has also
feasibility of extracting respiration rate from been detected using a continuous wave single fnegue
plethysmograms. For example, in a study involvingmicrowave sensor (Def al., 2009).

14 infants, the frequency spectra of their In a study fiber grating was used to produce hrigh
plethysmograms indicated respiration rate relatednfrared spots on subjects, while a charge-coupled
peaks (Wertheinet al., 2009). device camera was used to capture the scene of the

Respiration signal can also be extracted from thgpots (Aoki et al., 2001). Respiration rate was
electrocardiogram (ECG). The process is known asnonitored by processing the resulting patterns.
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In an investigation by our group, a high speeddetected thorax and abdomen movements using peessur
desktop web camera, connected to a computer, waensing bands, or measured nasal pressure and
used to record respiration related chest and abdomédranscutaneous GODuring the thermal recordings, the
movements (Taret al., 2010). Every two successive nasal thermistor partially covered the upper lig; this
recorded images were subtracted to detect chespuld not be avoided. The thermal video recordingse
movements and to produce a respiration signal.dJsinperformed with the child resting comfortably inedbThe
this approach, the value of respiration rate cdud recordings did not cause any form of distress ® th
obtained automatically in real time, but the sutgec children. Some children were awake during the dings
had to wear a striped shirt and needed to remélin stWhile others were sleeping. The recording room
during the recording. temperature was about 20° centigrade.

Chekmenewet al. (2005) used a thermal camera Of the 20 children included in the study, 16
consisting of a focal plane array for a |0ng_Wavebreathed via nose, while the rest either breatli@dhe
infrared (6-15 um) sensor. They measured the mouth. The 16 children that breathed via nose were

temperature changes around the neck, carotid vess8fluded in this study, as the algorithm describethis
complex and the nasal regions. These regions werdudy did not work as well when children breattedugh
identified manually in the recorded images. ECG andnouth (further work is needed to deal with thisiggs
the respiration rate signals were extracted from th 1he thermal sensitivity of the camera used in the
recorded images by performing wavelet transform. Arptudy (i-e., FLIR A40) was 0.08° Kelvin. The camera
infrared imaging based respiration rate monitoringlso was fixed on a tripod in front of the SUbJe(.:t atistance
reported by Zhwet al. (2005). A tracking algorithm that of gbpqt one miter. The camera settings wgre: the
could follow three facial features was developedese em|§S|V|ty :.0.'92 ' rt—;ﬂected temperature = 15°@ an
features were identified manually from the firstipe of relative humidity = 50%.
the recorded video. Two features represented th Images were .rec'orded at_ S0 frames per second.
! : Phe average respiration rate in an adult is abd&ut 1
warmest regions of the face. These were the aregs,

: ) cles per minute. In infants, the average respinat
between the bridge of the nose and the inner p&#ch  ate could be as high as 60 cycles per minutes.

eye (i.e., the periorbital region). Underneath ¢he80  Therefore, the image capture rate was sufficienity.
features, the coolest region was identified. Thiswhe The duration of each recording was 2 min. This
apex of the nose. A respiration signal was extcafitem  produced 6000 thermal images (i.e., 120 sec *50
this region and was used to produce respirati@n rat images). The recorded images were processed eff-lin
In this study, a method to automatically track theusing the Matlab image processing tool box. The

skin surface centred on the tip of the nose (refipm  Operations involved for processing the images are
region of interest, ROI) in the thermal images wasexplained in the next sections. The time taken to
developed. A feature extracted from this regiorbéedh ~ Process the images for one subject was about 20 min
a respiration signal to be produced. In the folluyi currently the image processing tasks are being

sections, the methodology and results are discussed Sfé'g;'ss;ggo reduce this time and to allow for e

In order to generate a respiration signal and
respiration rate, the thermal images had to begssed.
. A discussion of the operations involved is provided
Twenty children were enrolled for the_ study at an ihajid et al. (2010). However, in the current study
!ocal hospital. The parents of the ch_|Idren We€he ROI tracking method has been further improwed t
informed of the nature of the experiments andmyawe it more robust. The operations involved to
consented for their children's data to be usedh® t ,chieve this tracking are briefly described next.
study. All thermal video recordings were carried ou The recorded thermal images were enhanced by
parallel with a number of conventional contact lblase using the median filter. This reduced their noihe
respiration monitoring methods. This enabled &ilter had a size of 5. The Prewitt operator wasdut
comparison to be carried out between the thermaiegment the facial boundaries from the image
imaging method and the conventional contact method$ackground. The Prewitt operator (Gonzaktsal.,
The conventional contact respiration monitoringlmods ~ 2004) is an edge detection method that searchakdor
either measured the temperature variations betilsen edges in both the horizontal and vertical direciorhe
inhaled and exhaled air using a nasal thermistor, onasks used were:
588
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-1 -1 -1 -1 -1 - e The ellipse semi-major axis (a, i.e., the longer
G=0 0 0/g=[0 0 0 axis) and the semi-minor axis (b, i.e., the shorter
101 1 101 1 axis) were calculated by d_etermininge_md_)ﬁto
Xmin @Nd Vhin EQ. 1 respectively and dividing the

values by 2
The ellipse’s position and axes’ lengths were
determined using the ellipse Eg. 2:

The masks were convolved with the images. The
application of this operator to detect a subject’s
boundary is shown in Fig. 1.

After extracting the subject’s boundary, the two ) )
warmest facial regions within the facial region eer *i=%) , i =¥o) _4 )
located. These warmest regions were the pointseavher a b’
the corners of the eyes meet nose (Fig. 2).Theesbld
point underneath these warmest regions then Figure 5 shows the position of an ellipse on a
represented tip of the nose. The area around phefti thermal image.
the nose was considered as the respiration regtus.
tracking process however sometimes failed as during
significant head movements a wrong warmest poirgt wa
identified (Fig. 3).

The following changes were then made in order to
further improve the tracking algorithm.

The images were thresholded to separate the
subject’'s boundary from the image background. This
operation was performed by considering the facial
temperature distribution. The temperature of thagen
background was relatively lower than the tempeeatur Fig. 1: Detecting subject's boundary from an image
of a subject’s head. A suitable threshold was 3afi@ background
therefore this operation was performed as Eq. 1:

0 if f(x,y) <30

‘ . )
(x,y) if f(x,y) 230

g(x,y)={

where, f(x,y) and g(x,y) represent image pixelsopri
and after the thresholding operation respectively.
The Prewitt edge detection scheme was used to
identify the boundary of the subject's head in the
thresholded imageS. The Prewitt masks were COI'NO'VeFig_ 2: Correct tracking of the two warmest areas
with the images. Figure 4 shows an example of et between the bridge of the nose and the inner of

boundary obtained by performing this operation. the eyes (without head movements). The
The next task was to select the image area covered warmest areas are highlighted by circles

by the subject's face. This was achieved by
automatically superimposing an ellipse on eackerfit
image. The location and size of the ellipse were
determined by performing the following tasks:

e The highest (.0 and lowest (xn) pixels’
locations of the head boundary in the vertical
image direction were identified and the centre
between these two locations (i.e.,g) xwas

determined

* Centred at x the head boundary points in the fig. 3: Failure of the tracking algorithm to locatee
horizontal image direction were identified, correct warmest areas due to a large head
providing ¥nn and ¥, Then, the centre ¢y movement

between y;, and o Was calculated
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Fig. 4. Detecting subject's head boundary from an
image background

The next task was to identify and track a circularFig- 5: The position of an elliptical boundary
region centred on the tip of the nose (i.e., tispiration superimposed on a filtered thermal image
region of interest, ROI). To achieve this, inityathe

image area enclosed by the ellipse was automaticall T
searched to identify the warmest point. This region A - -8
corresponded to a small area between the bridgesd / T\
and the inner aspect of the eye. The image sesticlose e *)
within the ellipse, underneath the warmest regivas \ca el
searched to locate the coolest region. The skifacr - PR
temperature of this region is most affected byiraSpn =
through the nose. The reason for first identifyitg b

warmest region and then coolest region underneaths

to reduce the possibility of a wrong region beihgsen,
especially when there were large head movements. Th
coolest value within this region was determinedisTh Fig. 6: Respiration region of interest (a) its lboa
value corresponded to the tip of the nose. centred on the tip of the nose, (b) its eight

A circle was placed on the tip of the nose segments

automatically. The radius of the circle was 1/16tlhe
number pixels in the vertical direction of the ireaé\s
the recordings were carried out with the subjeltsys
at a fixed distance from the camera, the circldusad
was constant. The circle covered the tip of theeraoxd "
the upper lip. The circled region (i.e., the resfm :
region of interest, ROI) was used to obtain the !

(b)

Temperature Temperature

respiratory signals. o =

A process described by Saatehial. (2009) was Time -— “Time
applied to the ROI. Using this process, the cimghes T
divided into eight equal concentric segments as @) (b)

shown in Fig. 6
The segmentation of the ROI into eight partsgig 7. (a) A schematic diagram illustrating a iepry
allowed for a more detailed temperature analysis i® signal, (b) its filtered version to enable the
performed. The pixel values within each segmentewer respiration cycle (T) to be determined
averaged to obtain a single value representing that
segment (other feature selection and extractiomosst  |n order to determine the respiration rate autorady,
were also considered, but the averaging of pixelesm the respiration signals were digitally filtered ngsia
proved most effective). 5th-order Butterworth filter with a cut-off frequey of
The above processes were repeated for each of tlleHz. This cut-off frequency was sufficiently lowrf

6000 images (i.e., 120 sec recording duration Sy&s - .
per second) recorded from each subject. The avéragéhe respiration signal to be smoothed for further

pixel values of the eight segments were then plotte Processing. It was sufficiently high to allow 60ctas
against time to produce eight respiratory signals. per minute to be detected. The peak-to-peak duratio
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each respiration cycle (T sec) was then determifibd. Table 1 shows the respiration rate results for the
respiration rate (in cycles per minute) was deteeai sixteen children included in the analysis. The dabl
by first producing the average of all respiratiotles  compares the respiration rates obtained using t@lerm
for each signal. Then, the reciprocal of this valves imaging against those obtained from the most effect
multiplied by 60 to obtain respiration rate in @&lper contact method for each child. The average respirat

minute. This process is illustrated in Fig. 7. rate values across all children using thermal imggi
and the selected contact method were 20.7 and 21.0
RESULTSAND DISCUSSION cycles per second respectively. The correlation

o ) . . coefficient ), obtained using Eg. 3, for the two sets of
The respiration signals obtained from a child are

shown in Fig. 8. For this child, the signals from resplrat.lon rate measurements was 0.994 (3 decimal

segments 1, 2, 3, 7 and 8 are more recognisable thglaces).

those from the other segments. This is becausereith

the corresponding areas were affected more by z(x—i)(y—y)

respiration, or the areas were more clearly detebte P = — — (3

the camera. The respiration rate obtained from Z(X-x) Z(y—y)

segments 1, 2, 3, 7 and 8 was 27 cycles per minute.
Figure 9 shows the respiration signal produced by .

averaging pixel values from all eight segmentshaf t The variables x and 'y rePreseDt the

identified respiration region of interest. Becauggme measurements from the two methods arahd y are

segments do not provide a well defined respiratignal,  theéir respective means. This indicates that the

averaging pixels across all eight segments prodaces respiration rate values from the two approacheswer

distorted respiration signal and therefore thimaigvas Cl0Sely correlated.

not used in our study. This observation highligtits Figure 11 shows a plot of respiration rate values
importance of segmenting the ROI and using the bedtbtained using the thermal imaging method against
segment for obtaining the respiration rate value. those obtained from the most effective contact

The respiration rate values obtained using théespiration rate monitoring method. A close cotieta
thermal imaging method was compared with those ®etween the thermal imaging and contact based
obtained using the conventional contact based rdstho respiration rate measurements is evident.

The contact methods were based on temperature In order to show the variations of respiratiorerat
detection of the inhaled and exhaled air using saiha over a time interval, a moving average of resprati
thermistor, thorax and abdomen movement’s detectiopate values was produced. This involved averaging
using pressure sensing bands, nasal pressure apskpiration rates within a predefined window camitaj
transcutaneous GO These contact based respirationfiye successive respiration cycles and then repgati
monitoring methods operated in parallel with thethis gperation by moving the window forward by one
thermal imaging method. The clarity (i.e., the edi&®  cycle An example of the results obtained using thi
the respiratory cycle could be visually observao)rf approach is shown in Fig. 12. Although the average
respiration signals produced by the each contamtda respiration rate for this plot is 27 cycles per et
method varied in different children and therefaie here is a considerable variation around its medne
specific contact based method that provided mostt . .

Figure 13 shows the corresponding plot for all

distinguishable respiration signal for each childsw . i .
visually selected and used. The contact methodg onls'x_teen children. The average respiration ratestrier
produced a respiration signal (i.e., not the actaduie children calculated automatically were: 23.3, 1246,

of respiration rate). In order to determine theegion 22,0, 16.7, 15.0, 15.0, 20.0, 18.9, 17.9, 19, 384,

rate for contact methods, the number respiratiaiesy 27-0, 24.0, 22 cycles per minute respectively.

in the relevant signal had to be manually counted. The amount of the fluctuations shown in these
Figure 10 shows the respiratory signals obtainedlots may have useful clinical information in

using a, thoracic and Abdominal belts for the childdetermining the consistency of respiration rate.

shown in Fig. 6. The value of respiration rate  Figure 14 shows the magnitude frequency

manually determined from these signals was 2mpectrum of a typical respiratory shown in Fig. 8

cycles per minute. (signal from the first segment of ROI).
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Table 1: An analysis summary of respiration ratees

Respiration rate in cycles
Effective contact respiration

Respiration rateyicles

per minute uding per minute using

Patient no. Gender Sleep/awake Age (years) ratéonimg method selected contact method  thermal intag
1 Male Sleep 4 Abdominal belt and 23.5 23.3
transcutaneous GO
2 Male Sleep 13 Nasal pressure and 17.5 175
transcutaneous GO
3 Female Sleep 6 Transcutaneous CO 22.0 22.0
4 Female Sleep 1 Transcutaneous CO 22.0 22.0
5 Male Sleep 12 Thermistor and 16.5 16.8
transcutaneous GO
6 Female Sleep 2 Thermistor abdominal and
Thoracic belts and
transcutaneous GO 155 16.0
7 Female Sleep 11 Thermistor abdominal and
Thoracic belts and
transcutaneous GO 155 155
8 Female Awake 17 Thermistor 19.0 21.0
9 Male Sleep 5 Abdominal and thoracic belts18 19.0
10 Female Sleep 8 Thoracic belts and
transcutaneous GO 18.0 18.0
11 Male Sleep 7 Thoracic belts 18.8 19.0
12 Male Sleep 0.5 Thermistor and Abdominal
and Thoracic belts and
transcutaneous GO 34.0 34.0
13 Male Sleep 9 Thermistor and thoracic
belts and nasal pressure 15.30 15.9
14 Male Awake 15 Abdominal and thoracic belts 27.00 27.0
15 Male Sleep 3 Thoracic belts and nasal pressure 3.752 24.0
16 Male Sleep 3 Abdominal and thoracic belts 21.80 22.0
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The highest peak in the frequency spectrum occurs a
0.45 Hz. This corresponds to a respiration rate of

TI I )

a1 A= B
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—
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s —
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—
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0.45 cycles per sec or 27 cycles per minute. This
value corresponds well with that obtained directly
from the
number of cycles per minutes.

respiration signal by determining the

Figure 15 shows the magnitude frequency

spectrum of the respiration signals obtained frdim a
sixteen children (the signals were obtained from a
segment of the ROI that provided clearest resmirati
signal).The highest peak in these frequency spectra
=l occurred at 0.39, 0.30, 0.35, 0.38, 0.28, 0.256,0.2

0.30, 0.31, 0.30, 0.316, 0.64, 0.26, 0.43, 0.40 and

pixel values from the complete ROI

respectively. These corresponded to

15.5, 18.0, 18.6, 18.0, 19.0, 38.0, 15.6, 26.0024.
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11: A plot of respiration rate values obtained
using thermal imaging against respiration
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12:An example of respiration rate runningrage
obtained using thermal imaging
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and 22.0 cycles per minute.

The thermal imaging method developed in this

study provided a noncontact method of determining
respiration rate. However, there are a numbersafds
that require further development. There include:

The image processing was off-line due to the
extent of calculations required. It is
advantageous for the respiration rate to be
determined in real time. This is currently being
investigated. The software used for processing
the images was Matlab. It took about 15 min to
process the images for one subject. However,
with optimizing the algorithms, this time can be
reduced substantially

The current method operated well when
respiration was through the nose only (not via
the mouth or both). This is because the method
could not automatically identify the mouth
region. The approach requires further
enhancement to be able it deal with both nasal
and mouth breathings

The current method cannot handle very large head
movements or when the subject is wearing
glasses. When there are very large head
movements, the region associated with respiration
moves very close to the edge of the image,
introducing errors in automatic detection of the
respiration region. Glasses hide facial features.
Again, further improvements are currently being
sought to deal with these limitations

In this study, a commercial thermal camera (Flir
A40) was used. A customised infrared
measurement device, suitable for respiration
monitoring, is currently being developed by our
group. This would significantly reduce the cost of
the instrument and makes the system more
portable.
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CONCLUSION Corbishley, P. and E. Rodriguez-Villegas, 2008.

Breathing detection: Towards a miniaturized,

In this study a thermal imaging based method to  wearable, battery-operated monitoring system.
automatically monitor the value of respiration ratas IEEE Trans. Biomed. Eng., 55: 196-204. DOI:

developed and its effectiveness was evaluated b% 10.1109/TBME.2007.910679 _
app|y|ng it to sixteen children. el, D, G. GraZZInI, G. LUZ|, M. Pieraccin and C.

The method determined the skin surface Atzeni et al., 2009. Non-contact detection of

temperature changes centered on the tip of the ambe breathing using a microwave sensor. Sensors, 9:
tracked the region effectively. There was a close_. 2574-2585. DOI: 10.3390/590402574 .
correlation between the respiration rate valuesinbt Ding, S X. Zhu, W. Chen a_nd D. Wei, .2004'
using the thermal imaging method and those obtained Derivation of respiratory signal from single-

. - : channel ECGs based on source statistics. Int. J.
using the most effective contact based conventional Bioelectromagnetism, 6: 43-49
respiration monltprlr]g method. . . Droitcour, A.D., T.B. Seto, B.K. Park, S.Y.A. Verga
The study indicated that thermal imaging was and C.E. Houraniet al.. 2009. Non-contact

suitable for monitoring respiration rate. The main respiratory rate measurement validation for

advantage of thermal imaging method is that, it is  pogpitalized patients. Proceedings of the Annual

noncontact. Existing methods are contact baseds thu |nternational Conference of the IEEE Engineering

requiring an instrument to be attached to the sitilsje in Medicine and Biology Society, 2009. Sep. 3-6,

body, causing discomfort. IEEE Xplore Press, Minneapolis, MN., pp: 4812-
The thermal imaging method explained in the  4815. DOI: 10.1109/IEMBS.2009.5332635

study has a number of limitations. The study isFolke, M., F. Granstedt, B. Hok and H. Scheer, 2002

currently ongoing to deal with these issues. Comparative provocation test of respiratory
monitoring methods. J. Clin. Monitor. Comput.,
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