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Abstract

In this study thermal imaging was used to monitor respiration rate in a noncontact manner. The main focus was
to investigate the shape of a region under the nose (called the region of interest, ROIl) and the characterisation of this
region by a representative feature to produce a respiration signal from which respiration rate was obtained. It was
demonstrated that the respiration signal from a rectangular ROl produces least respiration signal drift as compared with
circular and elliptic shapes. The circular ROI provided a larger magnitude respiration signal and the mode of the pixel
values contained in it provided the best statistical measure for determining respiration rate as compared with median,
standard deviation and mean. Rectangular ROI had a faster response to the changes in RR as compared with the other
statistical measures used to represent the ROI.

1. Introduction

The human body requires oxygen, which is found in air, for all its metabolic activities. Carbon dioxide is
produced as a waste after the metabolic activity and has to be transported from the body. The body therefore requires a
constant supply of air containing oxygen and the removal from the lungs of oxygen consumed air. This process is
achieved by respiration mechanisms. Respiration starts with inspiration when the diaphragm and the intercostal muscles
contract to make the rib cage to move upwards resulting in an increased volume of the thoracic cavity that expands the
lungs. This process makes the air pressure within the lungs to be lower than that of the atmosphere and thus obeying the
Boyle's law, air moves from the atmosphere into the lungs through the trachea [1]. Expiration completes a respiration
cycle when the air expires from the lungs as a result of the elastic nature of the thoracic wall that forces the rib cage to
move down and inwards. The processes of inspiration and expiration completes one respiration cycle.

Average respiration rate in cycles per minute (cpm) is known as respiratory rate (RR). RR varies depending on
the subject's physical activity, gender, age as well as subject's wellbeing [2]. In healthy adults RR is between 12 - 20 cpm
[3], but is significantly higher in children and infants. Methods to monitor respiratory rate can be classified as contact and
non-contact [4]. In the former, a device is attached to the subject's body, while in the later physical contact is not
required. In both types, the monitoring is performed through utilisation of an effect that is produced as a result of
respiration [5]. The most common effects are changes in abdomen and chest position, changes in the temperature of
expired and inspired air, changes in expired air flow and variations in infrared emission from the skin surface centred on
the nose and mouth. These were utilised in different studies to measure respiration rate [2, 5-12].

Contact approaches suffer from a number of shortcomings, e.g. subject discomfort caused by the attached
sensing device that leads to inaccuracies in the respiration rate, failure of the recording when sensor is dislodged and
complexity in attaching the device to the body. There are also concerns associated with safety issues when an electrical
device is attached to the body.

Studies have shown that respiratory rate is an important indicator of a person's wellbeing and is a better
discriminator between stable and unstable patients [4, 13, 14]. This important vital sign is mostly not monitored as
observed by Cretikos et al [15]. Lack of extensive RR monitoring may be as a result of the complexities associated with
the contact devices. To encourage monitoring of RR as well as improve its accuracy, a device that monitors respiration in
a noncontact manner will play a significant role

In this study thermal imaging was used to monitor RR in a noncontact manner. As air expire from the nose a
region around the rip of the nose, especially under the nostril become warmer, emitting an increased amount of infrared
radiation. As air is inhaled the effect is reversed. The approached required identification of the relevant area on the face
that provides best indication of infrared variations produced by respiration (i.e. the respiration region of interest, ROI),
tracking this region in successive images, even with head and body movements, representing the region that contains
pixel values of temperature by a suitable feature, producing a respiration signal from the extracted feature across a
series of images recorded over time, and finally obtained RR value from the signal. The focus on this study is on the
shape and size of the ROl and comparison of a number of features to best represent it.

In the following sections, the methodology used to obtain results is explained, the results are discussed and the
main conclusions are provided.
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2. Methodology

A FLIR A40 thermal camera with the specifications indicated in Table 1 was used for the study.

Table 1: Specification of the thermal camera

Camera Parameter Specification
Spectral range 7.5umto 13.0 ym
Thermal sensitivity 0.08 Kelvin

Image size 320 by 240 pixels
Image sequence 16-bit monochrome

In order to perform the investigation, respiration was monitored on an adult subject for about three minutes. The
image filtering, segmentation and tracking (of ROI) methods used in the study were reported in our earlier study [2].
Briefly, the procedure required high-pass filtering of the first captured image and pre-selecting a template centred on the
tip of the nose. The template was stored as a reference for identifying the selected region in the subsequent images. A
point of interest (POI) was then selected beneath the nose skin surface as this region is affected by respiration by other
regions of the face. These selections were performed once at the start of recording.

Each image recorded was high-pass filtered and then the subject was segmented from the image background.
The subject’s face was then identified and enclosed in a rectangle to indicate detection. The template was then searched
for within the detected (enclosed) face and the POl was also updated since the pixel distance between the template and
the point of interest remained constant. This updating was required as the respiration POl appeared in different locations
in the recorded images due to head movements. A region of interest (ROI) was then created at the POI and the infrared
emitted within it were extracted and processed as a respiration feature. The reason for first selecting a template and then
using it to identify the POI, is that the template temperature characteristics as a whole would remain consistent during the
recording. The template could not be chosen under the nose as the temperature in this area changes due to respiration
and thus cannot be used directly for the tracking purpose.

This process outlined above was repeated for each acquired image to obtain a feature of the selected ROl and
then the respiration signal. The signal was filtered using a 4" order low-pass Butterworth filter with a cut-off frequency of
2 Hz. The discrete Fourier transform of the filtered signal was then obtained after windowing the signal with the Hanning
window. The frequency corresponding to the highest magnitude in the frequency spectrum was then identified and
multiplied by 60 to obtain RR in cycle per minute (CPM).

The contribution of this study is determining the best shape, size of the ROl and comparing possible features
that could be used to characterise the region. Instead of using rectangular ROI (as in previous studies) and then
averaging (i.e. mean statistical feature) the temperature values with this rectangle , three different shapes for ROl were
investigated in addition to the using the mean, a number of other statistical features were investigated. The shapes
investigated for the ROIs were circle, rectangle and ellipse with areas and dimensions as indicated in Table 2. The
statistical features were the mean, median, mode, standard deviation, root-mean-square (RMS) value and variance.

Table 2: Dimensions of the various ROIs

Circle Rectangle Ellipse
Dimensions Diameter =15 | Length, Width = 11,16 ab=115
Area Calculated 176.71 176 172.79
(pixels®) | Measured 177 176 172

Each ROl was created on the updated location of point of interest (POI) and overlaid to indicate location and
shape. The infrared emitted within the ROIs were extracted by considering the pixel values within the ROI. The three
shapes for the ROI that were used are mostly used in studies involving use of ROIls. The extracted array had equal
columns for all rows but only the pixels within the ROI had values greater than one while the rest were padded with
zeros. To get the actual number of pixels in a ROI, the total number of pixels in an array for the ROI that had a value
greater than one was counted. This was so that padded pixels (zeros) were not taken as valid pixels. The variations in
the number of pixels obtained by calculation and measurement are as a result of some pixels being located on the POI
boundary.

A number of algorithms were developed to extract the specified ROIs according to the shape required. For an
ellipse, all pixels at coordinates that satisfied the general equation of an ellipse (equation 1) were extracted.

GE-x)?  G-n?
—tr =1 (1)
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Where X and y are the x and y axis coordinates of a pixel in reference, X and Y are the x and y coordinates of
the POI, a and b are the radius along the x and y axis respectively. The same equation was used for a circle but with:

d
a=b=r=7 @)

Where rand d are the radius diameter respectively.

The processing time for each frame was 40 milliseconds, allowing real-time measurement. The recording lasted
for at least 3 minutes.

Once the respiration region was specified by either a circle, ellipse or rectangle, the chosen statistical measure
then characterised the region and by performin% the operation on the recorded images a respiration signal was
produced. The signal was low pass filtered using 4 order Butterworth filter with a cut-off frequency of 2 Hz and then first
512 features of the signal was windowed using a Hanning window. The discrete Fourier transform (DFT) of the windowed
signal was obtained. The frequency associated with the largest peak in the magnitude frequency spectrum was identified
and its value was multiplied by 60 to produce RR in CPM (cycles per minute). To obtain the RR over time, 512 features
were first considered. Thereafter, the feature was moved by four signal points by considering 4 new features in addition
to the previous 508 features and then obtaining the RR. The obtained RR was for the oldest feature on the signal. The
RR was then plotted over time as it was made available and was also used in comparing the effect of the ROls as well as
the statistical measures on RR. The statistical methods were used in each of the three ROlIs in obtaining the respiration
feature and thereafter the RR.

3. Results and Discussions

Figure 1 show the identified ROI represented by circle, rectangle and ellipse during the recording.

Figure 1. From left to right, circler, rectangular and Elliptic ROls.

The areas covered by the three ROIs were not exactly the same due to the shape of each ROI. The circle has 177
square pixels as against 176 and 172 by rectangle and ellipse respectively. The mean area was 175 square pixels with a
standard deviation of 2.16. The difference is negligible to cause a significant error in comparison of the shapes.

Table 3 indicates the average amplitude of the respiration signal obtained using each of the six statistical
measures for the three ROI shapes. The rectangular ROI had the largest average values when the median, standard
deviation, moment and modal statistical values were considered. The circular ROl had highest average value when
mean and RMS values were considered. Higher average values were a result of larger range of a signal that will provide
an improved signal to noise ratio (thus making it easier to detect the signal).

Table 3 Average signal values of the ROls obtained using the statistical measures

Statisti Average across recorded images
atistical measure - -
Circle | Rectangle Ellipse
Median 7.87 8.00 7.86
Mean 7.90 7.89 7.88
Standard Deviation 7.91 7.94 7.93
Root Mean Square 7.90 7.90 7.88
Moment 7.92 7.95 7.94
Mode 8.00 8.02 7.90

Figure 2 shows plots of respiration signals obtained using the three shapes and for the statistical measures that
represented (i.e. median, mean, standard deviation, root mean square, moment and mode) each shape. The standard
deviation for the rectangular ROI was the least indicative of respiration signal. This indicates that variation of the signal
from the mean was the least as also indicated by the non-drift nature of the RR signal as compared to that obtained
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using the circular and ellipse ROIs. The rectangular ROl had the smallest fluctuation (drift) over time. The circular and
elliptic ROI had signals with similar amplitudes for most statistical measures, perhaps due to shape resemblance of the
two ROls. In a whole, the signals obtained from the circular ROI had the largest amplitude and will therefore give better
graphical representation of the RR over time.
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Figure 2. Comparing the respiration signal obtained using the various statistical measures in the three ROls

For the circular ROI, the RR obtained using the mode was best reprehensive of a respiration signal as it had the
highest signal average value. For the elliptic ROI, the mode gave best respiration signal. Mode also gave best respiration
signal for the rectangular ROI. There were drifts in the signals obtained using the circle and ellipse ROIs while that
obtained using the rectangular ROl almost had no drift.

Figure 3 shows the RR over time obtained using the three ROIls and the statistical measures. For the circular
ROI, the mode responded to the variations in RR faster while the mean was slightly responsive during the beginning and
towards the end of monitoring. The mode was also most responsive to small variations in RR derived from the elliptic
ROI. The mode lagged behind the other measures in updating the changes in RR. This can be seen around the 140"
and 205" seconds of the circular and ellipse ROIs derived RR as well as around the 60" second on the ellipse derived
ROI RR. The mode was also earlier in registering RR changes that the rest as indicated around the 170" second on the
circular derived ROI and the 70" seconds the rectangular ROI derived RR.
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Figure 3: RR obtained by considering the signals from the various statistical measures using (top) circle, (middle) elliptic
and (bottom) rectangular ROIs.

The performance of the mean was the worst in the rectangular ROI derived RR as it was the only one that did
not register RR changes between 70 - 90 and 170 - 180 seconds.
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5. Conclusions

Six statistical measures (median, mean, standard deviation, root mean square, moment and mode) were used
to obtain the respiration signal feature from three respiration region of interest derived from three shapes; circle,
rectangle and ellipse. The amplitude of the respiration signal and respiration rates were considered in the comparisons.
lit was found that the respiration signal derived from rectangle ROI irrespective of the statistical measure used had the
least drift. The respiration signal derived from the circular ROl in all six statistical measures gave the largest amplitude.
The mode gave the best characterisation of respiration rate over time in the three ROIs considered, while the rectangular
ROI had a better response to changes in RR when all the statistical measures were considered as compared to the
circular and elliptic ROIs for the same purpose.
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