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Abstract

Non-contact infrared thermal imaging provides a non-invasive, safe and accurate means for screening sub-
jects. COVID-19 (a disease caused by the Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2))
has changed how health care workers (HCW) interact with patients. Despite the usage of personal protective
equipment (PPE), social distancing protocols and unique facilities to screen individuals, the rate of increase of
infection among HCW is high. This has enormous consequences as HCW cannot provide direct patient care,
thereby decreasing the workforce’s availability during the pandemic. This has fuelled the urgent need for a
non-invasive IR system to screen for potential cases of infections. Existing remote screening systems are sus-
ceptible to shortcomings caused by location and technique used for measurement, a distance-ambient tem-
perature associated inaccuracies and inefficient integration of hardware and software modules, invalidating
their utility in the current situation. During this project, a non-invasive screening prototype was developed
that mitigates these shortcomings by using an adaptive measurement method with automatic environmen-
tal compensation for screening elevated skin temperature and respiratory rate. The prototype is tested and

validated in a temperature-controlled environment.



Introduction

1.1. General Introduction
The increase in infection rate among health care workers (HCW) at hospitals can be reduced by the use of
remote screening techniques [1] [2]. Effective implementation of a remote screening prototype involves com-

bining different techniques to screen for potential indicators of infection.

Vital Signs as Infection Indicators

Physiological activities occurring within the human body can be understood through the screening and mea-
surement of vital signs [3]. Vital signs include heart rate, blood oxygen saturation, respiratory rate, blood
pressure and body temperature. Each of these vital signs corresponds to the functioning of a system of essen-
tial organs in the body. The coronavirus disease 2019 (COVID-19) disease most commonly causes an elevated
body temperature (fever) and abnormal breathing amongst infected individuals, and screening these symp-

toms provides valuable initial information regarding potential infection [4].

Types of Screening Techniques
Vital signs screening methodologies are broadly divided into contact-based and non-intrusive systems. Con-
ventional methods to measure vital signs have mostly been contact-based. Contact-based sensors, electrode-

based measurement systems, pulse oximeters and implantable sensors are some examples of such technolo-
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gies currently having widespread use across the global healthcare sector [5]. These systems face a boom-
ing commercial demand, making companies like Fitbit, Apple and Garmin develop products integrated with
sensing technologies [6]. Inherent problems faced by these contact-based screening systems include slow-
moving advancement due to numerous hurdles like elaborate legal compliance and multi-level trials (for
implantable technologies), battery requirements, the accuracy of the data detected and patient subjectivity.
Compared to contact-based screening systems, remote non-intrusive screening technologies come with ad-
vantages of extreme ease in implementation and large-scale utility. They maintain an aseptic status through
the screening process and can be used in places with high contamination risk such as hospital wards, where
distancing in necessary and contamination during measurement of vitals poses a risk[1]. They are also rela-

tively easy to deploy across different clinical and non-clinical environments [7].

Automated System for Non-Invasive Screening

Currently, remote screening methodologies need to overcome certain limitations including inefficient multi-
subject screening, expensive hardware and factors hindering accuracy in order to be an effective vital sign
screening system that can aid in the determination of COVID-19 infection. Hospitals currently employ work-
ers to screen potentially infected patients with close-proximity technology, which significantly compromises
their safety, leading to a spike in infections amongst hospital workers. Hence, there is an urgent demand to
develop a robust remote high throughput, multi-symptom screening system. The system should be able to

screen subjects at different distances and ambient temperatures automatically.

1.2. Problem Overview - Clinical Need for Remote Screening

Hospitals have an urgent need for non-invasive vital signs monitoring as there has been a spike in infections
amongst hospital workers, causing widespread concern. Remote screening systems would significantly re-
duce the risk that most workers currently face while using close-proximity screening, which exposes them
significantly to the infection [8]. Studies have shown that infection rates among clinical workers have spi-
ralled, which impedes their capacity to execute tasks [1]. The increase in infection rate is attributed partly to
close range screening technology during patient influx in clinics. The goal is to reduce exposure to the disease
by installing a remote screening setup. Current elevated skin temperature (EST) screening solutions exhibit
problems with measurement accuracy. They utilize fixed distance measurement techniques to measure skin
temperature. Screening requires the removal of facial articles like glasses which does not fall within effec-

tive health standards. Currently, subjects require to wear masks which pose additional challenges for facial

detection and respiratory rate measurement.



[8)]

1.3. Thesis Objectives

1.3. Thesis Objectives

It is necessary to evaluate the exact symptoms that need to be screened to screen subjects in clinics for vital
signs. An integrated system implementation for the execution of the technology is essential for implemen-
tation. This requires an extensive analysis of hardware and software requirements followed by integration of
the different modules. The project is focused on the development of a multi-symptom screening setup which
would utilize IR camera technology for the screening of elevated skin temperature and abnormal respiratory

rate.

1.4. Structure of the Thesis



Background Information and System

Infections in the body can be detected by screening vital signs like body temperature and breathing pat-
terns. The scope of this project requires utilising facial temperature measurement from subjects to evaluate
the different vital signs. It is necessary to identify an optimum region of interest (ROI) from the face, which
can measure absolute temperature for elevated skin temperature screening and temperature changes in the
area around the mouth and nostrils to screen for abnormal breathing among subjects. The screening sys-
tem implementation requires effectively choosing hardware and software, understanding the working of IR
radiation, developing a compensation model for better accuracy, and a technique for abnormal respiration
screening. The system outline consists of an overview of the five major blocks (hardware, communication,

image processing, screening and user display) that are used for implementing the prototype.

2.1. Skin Temperature - Theory, Location Choice
The skin temperature is dependent on the body’s heat control process and varies depending on location in

the body. The skin temperature is correlated to the body temperature depending on its location.

2.1.1. Human Body Thermo-regulation
Human body temperature is controlled internally primarily by the endocrine system and hypothalamus in
the brain [9]. In addition to this, there are processes like convection, conduction, evaporation and radiation

that causes changes in temperature seen in Fig 2.1.
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Figure 2.1: An illustration of the various processes (convection, evaporation, radiation and conduction) by which heat is lost to the
surrounding from the skin.

The majority of the body’s heat loss is due to radiation, which is a loss in the form of infrared (IR) radiation
[10]. Heat transfer involves the exchange of thermal energy between different medium. There are generally
two different types of temperature that are used while referring to the human body temperature. One is the
core body temperature and the other being the skin surface temperature. The core body temperature remains
relatively constant and does not vary a lot. The skin surface temperature varies depending on the respective
location and environmental conditions. The core body temperature is maintained in the central part of the
body where the major organs are located. The core body temperature is around 36 °C to 38 °C for healthy
individuals. There is a temperature difference between the body and the environment, which results in heat
being dissipated into the environment [11]. The skin is broadly divided into three layers: epidermis, dermis

and fat layer [12]. The corresponding anatomic diagram of the skin is shown in figure 2.2.

Sweat gland
Melanocytes Hair
Sweat
Capillaries

— Stratum corneum
(keratin)
Epidermis —
= —— Basement membrane
) Sebaceous gland
Dermis -
= Hair follicle
Fat layer - — Blood vessels

Nerve

Figure 2.2: The anatomical illustration of the skin (taken from [13]).

The blood from the core of the body travels through the blood vessels around the body. The body’s heat
balance is maintained depending on the amount of blood flow to the skin’s arteries. Using this heat is suc-
cessfully lost to the environment. The skin surface temperature is correlated with the core body temperature

[14]. In the envisioned application, the goal is to estimate the skin surface temperature.
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2.1.2. Heat Transfer from Skin

Loss of heat by radiation from the skin is mainly in the form of IR [15]. The net rate of heat transfer by radiation
is related to both the object’s temperature and its surrounding temperature. The net rate of heat transfer by
radiation (np4¢e) at a particular ambient temperature (T,yp) for a surface area (A) can be explained by the
equation 2.1 [16].

Nrate=€.A.0(Th, —Th ) 2.1)

here Ty, is the skin surface temperature and e is the emissivity of the surface. Human skin practically be-
haves like a blackbody (e = 1 in the IWIR region) and this is used consistently with the experiments in the

project [17][18][19].

2.1.3. Evaluation of Elevated Skin Temperature Region of Interest

The ROI for measuring temperature is of prime importance for IR thermography, and different studies have
evaluated the accuracy and viability of temperature measured from different regions of the face [20]. Since
each ROI has advantages and disadvantages, a thorough assessment is necessary before proceeding onto a

permanent ROI choice. An ROI at an horizontal angle of less than 60° is most accurate, and the maximum

temperature value is the most effective method of measuring ROI temperature [21].

The ear canal, inner canthus, inner mouth and specific side face region close to the temporal artery have
the highest correlation with core body temperature [22]. The ear’s geometric construction (cylindrical) en-
ables it to serve as a radiation trap, making it an ideal temperature measurement zone. Heat radiation from
the tympanic membrane is effectively emitted through the ear [23]. The inner canthus lies directly over im-
portant arteries that provide higher blood flow and heat transfer, and skin in this region is less exposed to
environmental factors. Inner mouth temperature preserves heat and is directly representative of the core
body temperature. The facial region on the side of the face has similar characteristics to the inner canthus

regarding skin and artery presence. Temperatures from different ROI is shown in Fig 2.3.
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Figure 2.3: Temperature measurements of different ROIs of the face of 10 subjects (data taken from [24]). The ear canal and inner
canthus are seen to be the most accurate areas for detection.

Oral temperature is considered the closest to the core body temperature and used as a reference while
comparing other regions. Ear canal temperature and inner canthus temperature of the eye are highly cor-
related to core body temperature. The temperature at the nostrils are highly variable due to respiration and
cannot be characterised for screening. Accessibility, in terms of camera viewing angle, to some of these ROIs
is extremely low, making them unsuitable for measurement. Additionally, most established facial detection
technologies do not identify the ears of subjects or side-face profile, making automatic tracking of such re-
gions unfeasible.

Regions described above, except for the canthi, encounter camera coverage issues due to their location,
making them unfeasible for screening. Commonly worn articles like eyeglasses, sunglasses, headphones and
face masks make some regions less suitable for screening. The forehead is a widely used ROI for detection as
it has the best camera coverage in terms of face angle of viewing and does not suffer from article obstruction
but has a low correlation with body temperature [25]. Removal of facial articles while screening hinders in-
fection control protocols and causes widespread implementation problems in the current scenario. For front
face features, automatic detection of forehead temperatures offers the best balance between accuracy and

accessibility. The forehead is chosen as the best region for temperature measurement from table 2.1.
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Part Position Impediments  Correlation Accessibility ~Environmental Interference
Ear Side Face  Ear-accessories  Very High Low Low
Inner Canthus  Front Face Glasses High Medium Low
Forehead Front Face None Medium High High
Temple Side Face Glasses High Low High
Nose Front Face Mask Low Low High
Mouth Front Face Mask Low Low Low
Eye Front Face Glasses Medium Medium High

Table 2.1: ROI review of the various parts on the face with a list of impediments to the camera view, body temperature correlation,
environmental interference and accessibility (in terms of camera view)

2.1.4. Measurement Location for Elevated Skin Temperature screening

The superficial temporary artery region was chosen as the intended location of temperature measurement
on the forehead as it has the closest correlation with core body temperature [26]. This correlation makes it
the highest temperature region on the face. The superficial temporal artery is also free of thermoregulatory
stimuli that cause blood vessel changes [27]. Most of the prominent superficial artery area is found to be
within the top 50% of the forehead [28]. Figure 2.4 illustrates the anatomy of the face with the superficial

temporal artery.

Parietal branch
of superficial
temporal a.

Frontal branch of
superficial temporal a.

Transverse
facial a.

Superficial

Maxillary a. temporal a

Facial a.
Occipital a.

Submental a Posterior auricular a.

External carotid a. Internal carotid a.

Figure 2.4: The superficial temporal artery location is shown in the photo [29]. The frontal branch of the superficial temporal artery’s
unique presence across the face ensures its visibility at different angles.

2.2, Respiration - Theory, Location Choice
The following section illustrates the theory for respiration and explains the respiration theory and heat trans-

fer mechanism.
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2.2.1. Heat Transfer from Nose
Heat transfer from the nose occurs due to different heat flow components [30]. The convective heat transfer

from the nose occurs as a result of airflow over the inner nasal cavity (explained in equation 2.2 [31]).

Qconv = k-Anasul-(Tamb — Thasal) (2.2)

here k is the heat transfer coefficient, Aj ;5,1 is the internal surface area of the nasal area being transferred,
Qcony is the net heat transfer inside the nose as a result of air movement, T, is the environmental tempera-
ture, Ty 4541 is the nasal temperature. The observed heat transfer at the nose is the result of the radiated heat

at the nostrils (shown in equation 2.3 [30]).

Qraa=€.0.Ac.(Thyo— T2 2.3)

here T),45¢ is the nose temperature, T, is the surrounding temperature. The change in heat energy in the

area leads to air temperature change, which is indicative of the respiratory cycle [30].

2.2.2. Evaluation of Respiration Region of Interest
Breathing measurement from an IR camera is done by utilising temperature values from the nasal region.
Current health laws mandate the compulsory wearing of masks in public facilities. Measurement of temper-

ature values (for breathing rate) can still be carried out even though the ROI (nose) is covered. _

2.2.3. Measurement Location for Abnormal Respiration Screening

The landmark features from the retina face framework (seen in section 2.15) can be directly used to find the
location [32]. There are two feasible approaches: bounding box based and landmark based. The landmarks
enable easier tracking of the respiration ROI. The ROI is manually annotated around the respiration zones
(nose and mouth). The temperature readings from this region are used for respiratory rate abnormality de-

tection. An example of the region is shown in figure 2.5 below.
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2.3. Theory

2.3.1. IR Radiation

Electromagnetic radiation consists of alternating electric and magnetic fields that travel at the speed of light
[33]. Sinusoidal EM waves are functions of time and position and with a definite wavelength and frequency
[34]. These waves comprise the EM spectrum, such as visible light, IR, X-rays and gamma rays. The energy of
the photon (E) increases with an increase in the frequency of radiation shown in equation 2.4 [35].

E=h.f= 2.4)

h.c
A
here, h is planck’s constant (6.623 x 10-34]s), f is the frequency of the wave, c is the speed of light (3 x 108

m/s) and A is the wavelength. IR radiation ranges from 0.75 um to 300 um in the EM spectrum (seen in Fig

2.6).

Milimetric

- i 3 r . I
X-ray Ultraviolet | radiation milimetric

Infrared

1A 100A 0.4p 0.75p 300 3mm 100 km
— Wavelength A
IR-Reflective = | Thermography effective range
s
=
5 Extreme IR
Near Short E Middle Absorption Long
<
0.75u 0.90p 24p 3 Sp Tu 14p 300

Figure 2.6: Representation of the electromagnetic spectrum and IR radiation classification and the associated wavelengths (MedIT,
2011)

The IR spectrum consists of 5 separate regions, the shortwave region from 0.75 to 3 um, the mid-wave re-
gion from 3 to 5 um, the absorption region is 5 to 7 um, the longwave region from 7 to 14 um and the extreme

region from 14 to 300 um. For EST screening, IR cameras are operated in the longwave region. All objects
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with a temperature above 0 K emit IR radiation due to the thermal motion of their molecules. The relation
between energy and temperature is explained by Stefan - Boltzmann’s law. Emissivity is 1 for perfect black-
bodies that absorb all incident EM radiation. For grey-bodies, emissivity is less than one. Stefan-boltzmann’s

approximation for a grey-body is expressed in equation 2.5 [36].
P=e¢o.T* (2.5)

here P is the total emissive power (W/ m?), ¢ is the stefan boltzmann’s constant (¢ = 5.67 x 108 W/m?2) and T
is the object’s absolute temperature in K. The spectral emission of a black body as described by planck’s law
is seen in equation 2.6 [37].

2hc® 1

Ly(T) = =% —
A° e%—l

(2.6)
Here L, is the spectral radiance expressed per unit wavelength (W. sr'!. m3). For temperatures below 500
K, the emission is predominantly in the IR region. The corresponding plot for different temperature peaks is

represented in Fig 2.7.

Figure 2.7: The spectral radiance or intensities at different wavelength. Different temperatures of 350 K, 450 K, 500 K, 600 K and 700 K
are plotted with their intensity peaks at different temperatures. Intensity peaks for measurement of temperatures below 350 K are
focused above wavelengths of 0.75 um.
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2.3. Theory

2.3.2. Heat Transfer variation with Ambient Temperature and Distance

The heat radiated between subject and camera varies with ambient temperature and distance. An illustration

of the skin surface being measured by the camera is shown in figure 2.8.

Figure 2.8: Nllustration of the subject’s skin surface (s) and camera’s detector array (d) separated by a distance 'R’

2.3.3. Camera Pixel Spatial Coverage

IR camera has a fixed sensor that provides a definite number of pixels.
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Focal Plane Array B
~

IFOV

-
Temperature
Measurement

The formula for spot size calculation is shown in equation 2.8.

Scam = Icam - dobj (2.8)

here S¢qm is the area coverage size of the pixel, /.4, is the instantaneous field of view of the pixel and d,p
is the distance between the camera and the object. The spot size analysis for the FLIR A35 camera used in

this setup is shown in section 3.1.2.

2.3.4. Distance Estimation using Image Information
One of the objectives of the project is to measure subjects from 0.6 m to 2 m. This could be done using an

estimation of the image height. An illustration of the object and the camera is seen in figure 2.11.

| Distanceto Object Focal Length
|< >l<—b

Figure 2.11: An illustration of an object at a distance from the camera. The distance of the subject to the camera is proportional to the
focal length.

Using the pinhole camera model and similar properties triangle a correlation between the object’s image

height and distance can be made (seen in Equation 2.9) [40].
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2.3.5. Signal Extraction and Filtering for Abnormal Respiration Screening
Abnormal respiration can be screened by interpretation of the visualised respiratory information or from
the respiratory rate deviation. Respiratory information can be obtained by processing temperature from a

suitable region of interest on the mask around the nostrils and the mouth.

Signal Extraction Technique
The average temperature from the ROI (described in section 2.2.2) is extracted using NumPy [42]. Using

matplotlib in Python, the corresponding average temperature values are plotted along with the timestamps

[43].

Smoothing Filter Selection
Observations during the original implementation showed the existence of a noisy signal output. For the
purpose of smoothing the signal output, a filter is required. A selection of the smoothing filter was made

based on the application choice. The two most popularly used filters are savitzky - golay and moving average
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2.4. System QOutline

The layers are listed in the data flow order from hardware (raw information acquisition) to user display (dis-

play window for understanding vital signs).

I cctailed overview of the system blocks are shown in figure

2.12.

The following sections provide an overview of the different blocks used for implementation. The repos-

itories from which the code is used in the different blocks are provided. These were used as references for

implementation of individual sub-blocks in the current system (seen in figure 2.13).



2.4. System Outline

2.4.1. Hardware and Communication Interface of the System

The hardware and communication sections are combined to provide a better understanding of the data flow.

Environmental Sensor

IR Camera

2.4.2. Image Processing of Thermal Camera Frames

Pre-processing from Camera

The pre-processing section explains the frame acquisition and frame conversion.
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Frame Conversion

The frame conversion block involves using two functions to perform the temperature conversion and the face




2.4. System Outline

detection input conversion.

Face Detection using RetinaFace

The face detection code was adapted and extended in line with the direction of the project from the github

repository [54]. The Retinafacer50v] is chosen as the most optimum face detection model. _
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The bounding box and five landmark coordinates are used to find the different vectors. Figure 2.16 shows

the retina face output of a grey-scale image.

ROI Selection

The bounding box height vector is used to segment the forehead and retrieve the temperature values within
the segmented area as a 2d array. With the obtained facial bounding box information seen in figure 2.16,
the next step involves establishing an optimum ROI and measurement method for temperature detection.
In this approach for forehead segmentation, the goal is to segment the forehead region from the bounding
box directly. The partial forehead segmentation is done by dividing the face based on a pre-fixed ratio. The
coordinates from the facial bounding array are used to get the forehead location. The forehead selection

methodology is illustrated in figure 2.17.
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Figure 2.18: The face is generally divided equally into three portions (image adapted from [58]). The portion between the top and D
constitute the forehead. The portion below D to the bottom constitute the remaining part of the face.

Based on figure 2.18, effective division ratio for segmenting forehead is chosen between 2 and 6 between

D, and the top of the forehead. Segmentation with the intention that the forehead’s superficial artery areas

had to be covered and that the inner canthus is to be avoided. A ranking of the different indices is done to
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The corresponding visual representation of the maximum location with the exact pixel location is shown

in figure 2.21.

Skin Temperature Compensation

Compensation of the acquired skin temperature can be done using the model developed in this project (sec-

tion 3.3.5).
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2.5. Choice of Hardware and Software for the Prototype
Development of the prototype requires integrating hardware and software based on a comprehensive litera-

ture review.

2.5.1. IR Camera Technology and Selection

IR imaging is preferred widely due to its safe and non-invasive approach. IR images are visualised pho-
tographs of the reflected, transmitted and emitted thermal radiation measured in an area [59]. Thermal
imaging is highly advantageous as it gives a complete representation of the imaging area compared with
point detection techniques. Selection of a suitable camera depends on cooling technology, optics, camera
hardware specifications and processing techniques. Thermal cameras are expensive and have a lower reso-
lution compared to visual cameras. IR camera resolution is generally lower than visible light imager because
thermal detectors need to sense larger wavelength than visible light[39]. This makes the sensor elements
quite large. A higher number of pixels (resolution) will give a relatively better quality of temperature mea-
surement. The radiance is measured across each pixel element in the focal plane array of the camera[39].
Each pixel generates a signal that is related to the total flux per unit area [39]. A higher number of frames

recorded per second (frame rate) would better readout in dynamic environments.

Accuracy of the camera is crucial in measuring skin temperature. Auto-calibration of the camera to accom-
modate internal temperature drift is crucial for stabilising the measured temperature in dynamic settings.
The camera’s intended target regions are the forehead artery regions. The pixel’s spot size should be less than
the intended target area to get an accurate measurement [60]. Superficial temporal artery size varies between

1.8 and 3 mm [61]. The current camera’s measurement spot size is expected to be around 2.3 +1.2mm (based
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on section 2.8) at the envisioned measurement range. Moving target measurements require cameras with a
faster shutter speed to remove artefacts introduced by motion blur. Having a suitable communication in-
terface is essential to transfer images from the camera to the processor and adequately process them. It is
suitable due to the size, cost and compatibility for employment in dynamic environments. It is sufficient to
ensure that this camera has a large field of view (FoV) for multiple subject screening, to accommodate wide-

angle screening and is small, providing portability. Some of the widely-used and recommended cameras are

listed in Table 2.4.
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2.5.2. GPU for Implementation of Face Detection

GPU computing uses the GPU and CPU to accelerate specific applications [62]. GPUs are more proficient in
computing a single task extensively when compared to a CPU. Deep learning computations require extensive
data processing that needs a high memory bandwidth (processing up to 750 GB/s versus 50 GB/s offered by
traditional CPUs). Choosing a GPU with high memory bandwidth and many cores for face detection is signif-
icant. CPU has few cores that are used for sequential execution of tasks; however, GPUs have multiple cores
that can be used for parallel execution of multiple functions simultaneously. Currently, GPUs provide better
processing power, memory bandwidth and efficiency when compared to their CPU counterparts. This makes
them much faster to use for extensive data analysis tasks, which require parallel processing such as Machine

Learning and Big Data Applications, making them an essential part of this system’s implementation.

Nvidia GPUs are better optimised for use with the insightface package that is intended to be used [63]. The
Nvidia CUDA DNN (cuDNN) is used for this application, a library for DL frameworks and designed for accel-
erated GPU performance. Frameworks with support for these GPUs improve its efficiency. MXnet framework,
which aids in CV implementation, is used in this case [64]. Video RAM (V-RAM) plays a role, depending on
the amount of data required to be processed simultaneously [65]. The processing power is dependent on the
clock frequency and number of cores. Ideally, a high processing power is required for time-efficient compu-

tation. The comparison with the most suited GPUs is listed in Table 2.6.
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2.5.3. Environmental Sensor, Interfacing and Supporting Equipment

|

Figure 2.24: The BME 280 sensor with breakout board that is used for temperature and humidity measurement.

The specifications are highlighted in table 2.7.
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The specifications are described in table 2.8.

Table 2.9 gives an overview of the specifications.
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The specifications are highlighted in table 2.11.
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Facial Bounding Box Vector Description
The bounding box coordinates that are obtained from the face detection algorithm are used to obtain the

vectors. The vertices of the bounding box are explained in figure 2.28.

D (x4y2) C (x2y2)

A (X1Y1) B (x2y4)

Figure 2.28: The facial bounding box vector in notation format. A(x,y), B(x,y), C(x,y) and D(x,y) are the different vertices of the bounding
box vector.

The four vertices of the bounding box A, B, C and D are represented with the corresponding cartesian
coordinate system. The four bounding vectors are height, width, diagonal fx and diagonal shown in figure

2.29.
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2.7. Elevated Skin Temperature and Abnormal Respiration Screening

Thermal imaging systems are widely used to screen for fever at public places [72]. While COVID-19 is conclu-
sively diagnosed by demonstrating the virus’s presence in a person’s respiratory secretions, the evaluation of

vital signs provides valuable initial information regarding the infection in such respiratory illnesses.

EST Screening
Body temperature is the oldest and most commonly measured vital sign. Abnormal body temperature is a

natural indicator of illness [73]. The body temperature of an individual is maintained through their brain’s
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thermo-regulatory function, which creates additional heat by increasing metabolism in tissues and releases
excess heat into the environment through the skin. A healthy person’s core body temperature lies between 36
°C to 38 °C. Even within this normal range of human body temperature, fluctuations often occur due to the
intersection of multiple individualistic and common factors including gender, age, time of year and physical
activity amongst others [74]. In this project, the objective is to screen for EST by statistical comparison be-
tween different subjects. Temperature recordings above a defined threshold will indicate the possibility of a

fever. Common practices for defining the threshold involve selecting it as 1 ° above the healthy temperature

baseline [39]. The EST screening technique is done using a moving average filtering technique and compared

againsta threshold. |
e

The EST screening output with a single subject is shown in figure 2.33.
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AR Screening

2.8. Chapter Conclusions

In this chapter, the requirement for screening for symptoms like elevated skin temperature (EST) and respira-

tion abnormalities is evaluated.
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2.8. Chapter Conclusions




Research, Methods and Validation

The following chapter presents the significant results in the different sections - camera calibration, image
processing, distance estimation and temperature estimation. The final part of the chapter presents the val-
idation for the different techniques and a benchmarking standard. All the frames with subject information

that are used for validation are 320 x 256 pixels.

3.1. Camera Specific Procedures

3.1.1. Camera Accuracy

36
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3.3. Distance and Temperature Estimation

Distance estimation is done using the facial image information of the subject (explained in sections 3.3.1 and

3.3.2). The development of the temperature compensation model is shown in section 3.3.5.

3.3.1. Modelling of Distance and Experiments
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3.3. Distance and Temperature Estimation

3.3.5. Adaptive Temperature Compensation Model using Slope Calculation

Model Inputs

|
Model Input - Slope (St,,,, ) extraction from ambient temperature (T;p,p)
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Model Input - Distance (do;) from object’s image height ||| G

Model Input - Measured skin temperature (T,p;) from forehead max algorithm || NG

Figure 3.11 shows an illustration of the model intended to describe the adaptive compensation technique.
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3.5. Validation

3.5.1. Region of Interest for Elevated Skin Temperature Screening

Forehead Segmentation Comparison between Different Faces
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Location Index for temperature measurement
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3.5. Validation
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3.5.3. Temperature Compensation Model
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3.6. System Benchmark
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3.7. Chapter Conclusions




Conclusions and Future work

The following chapter consists of two different sections that outline the conclusions and future work.
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4.2. Future work

The future work that can be done to improve the current prototype is explained in the following subsections.
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Appendix

A.1. General Requirements

The project’s general requirement involves developing an IR thermal imaging system that can be used as a
screening aid for clinicians. To better understand the requirements, they are segmented into two categories
- physiological and technological requirements. The physiological requirements indicate the goals from a

clinical perspective, and the technological requirement gives a system requirement perspective. ||| | | | | |l

I (e list of requirements is described using MoSCoW analysis

in section A.2.

A.2. Project Requirement Analysis
Functional requirements provide an overview of the physiological and technological implementations that

are essential to the system. Non-functional requirements include other specifics to enhance the system.

A.2.1. Functional Requirements

55
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Physiological

Technical
The technical implementation is listed in a MoSCoW (Must, Should, Could and Would) hierarchy. The tasks
are to be completed in the same order.

Must have:

. <
Qo
E
a
g
8
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Would have:

A.2.2. Non-Functional Requirements

This deals with the implementation platform of the system.

Figure A.1: Nllustration of the top and side view of the camera with a extended representation of the field of view

The corresponding horizontal distance measurements can be explained by equation A.2
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here e; is extended distance (x-direction).

A.4. System Run Time

A.5. Ethical Considerations

For experimentation, the necessary consent and permissions have been obtained (attached below).
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