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The main challenges of today’s global health care system are to reach to
strong healthcare system, to provide effective methods to eliminate the
increase in the number of dead and infected with virus of COVID-19.
Therefore, during the last few months, the great importance and efficacy of a
variety of engineering techniques that have greatly contributed in curbing the
spread of the COVID-19, and evenly help to eliminate it according to recent
scientific studies was highly prominent. Among these promising technologies
in this field we mention, but not limited to, the use of ultraviolet (UV) rays to
disinfection of air and surfaces. In addition, thermal imaging technology,
which was employed using infrared radiation for monitoring people in
crowded areas and human groups to determine who have abnormal
temperatures, so that all preventive measures are taken. Robots have also
been used and harnessed to perform many tasks that limit the spread of the
virus and maintain the integrity of the human element. Last but not least,
facial recognition techniques have also been used to limit the spread of this
pandemic. Ultraviolet radiation is one of physical therapy modalities that can
be used to increase the efficiency of human immune system to fight the virus.
In conclusion UV radiation, infrared thermal imaging, robotics, AFR
technologies are now widely used to reduce the spread of this virus and
manage the outbreak.
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1. INTRODUCTION

Coronaviruses (CoV) are an enormous group of positive-stranded RNA viruses known as
coronaviridae, that cause sickness ranging from the common cold to more severe diseases such as severe
acute respiratory syndrome (SARS-CoV) and middle east respiratory syndrome (MERS-CoV) [1, 2]. As
shown from Figure 1 the structure of coronavirus has been determined by using the electron microscope, it is
surrounded by spike glycoproteins that exist on their outer shell as pointed structures that look like corona or
crown. Also we can see that the virus mainly consists of four proteins, S (spike), E (envelope), M
(membrane), and N (nucleocapsid) proteins; the RNA genome exists inside the N protein, and the envelope
of the virus consists of S, E, and M proteins [3-5].

At the end of December 2019, China office of the world health organization (WHO) was reported
that there are a case has been associated with fever and respiratory symptoms (coughing, shortness of breath,
and pneumonia) unknown etiology in Wuhan City [6]. On 11 of February 2020, the WHO announced that,
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there is a new disease, which was called COVID-19, short for coronavirus disease 2019. According to the
report of the international committee on taxonomy of viruses (ICTV), this virus caused by the severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) [7]. According to the latest statistics prepared by the
WHO, it was estimated the number of cumulative cases (COVID-19) around the world until 22 November
2020 reach to about 57,882,183 cases, and the number of cumulative deaths reach to about 1,377,395 deaths
the details of these numbers are shown in Table 1 and Figure 2 [8].

RNA andN protein Mem brane glycoprotein (M)

Spike protein (S)

" 4 .
Envelop protein (E) —

Figure 1. The structure of coronavirus

Table 1. Situation in numbers of COVID-19 cases (by WHO Region) until 22 November 2020

Cumulative Cases Cumulative Deaths
Europe 16,873,383 375,368
Americas 24,563,600 697,740
South-East Asia 10,367,553 158,566
Eastern Mediterranean 3,796,649 96,354
Africa 1,446,041 32,528
Western Pacific 834,216 16,816
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Figure 2. The number of comulative cases (COVID-19) around the world until 22 November 2020

2. RESEARCH METHOD

In the method section recently engineering techniques that are used to confront covid-19 will be
discussed. The main challenges of today’s global health care system are to reach to strong healthcare system,
to provide effective methods to eliminate the increase in the number of dead and infected with virus of
COVID-19. Also to develop healthy protocols to reduce the spread of this virus and reduce the number of
infected people [3, 9, 10]. To achieve this target all researchers should do their best and cooperate with each
other. Therefore, our ultimate goal in this research from our technical and engineering point of view is to
present some engineering techniques that are used recently to confront this pandemic, in cooperation with
medical sector, which will introduce some physical therapy techniques to improve the respiratory system
function.
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2.1. UV-Light radiation

UV radiation is part of the electromagnetic radiation range of approximately 300 nanometers, from
0.1 micrometers to 0.4 micrometers. The UV spectrum can also be divided into main four subsets of bands
according to their wavelength, UVA (0.32-0.4 pm), UVB (0.28-0.32 pm), UVC (0.2-0.28 pm), and VUV
(0.1-0.2 pm), as shown in Figure 3 [11-13]. Regarding to UVA, it is not absorbed by the ozone layer, but it is
penetrate the atmosphere, but most portion of the UVB and all UVC are absorbed by ozone layer, vapor of
the water, carbon dioxide and oxygen [14].
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Figure 3. UV radiation spectrum

Many researchers studying the effect of UV rays, the following results were obtained:

a) UVA rays, this type is the weakest type of UV rays, which can cause progressing for the skin cells and
indirectly damage the DNA of the cells.

b) UVB rays, this type is slightly stronger, which can directly cause damage to DNA, sunburn, and skin
cancer.

c) UVC rays, this type is the strongest UV rays, but they do not reach Earth, because they interact with the
ozone layer, but it can be generated by manufactured sources, such as mercury lamps [12].

From another point of view, the impact of regular sunlight on the human body has a great interest in
medical science. Where the UV rays from the natural source provide our bodies with vitamin D, which is
very important to our health [14].

UVC light has been used extremely over a wide range from many years ago in the infection control
process, which has been used for disinfecting drinking water, wastewater, air, and surfaces against a large
group of pathogens and allergens for human. This process was called ultraviolet germicidal irradiation
(UVGI). Where UV can damage the genetic material structure (proteins, RNA, and DNA) of viruses,
bacteria, and fungi, because when these nucleic acids absorbing ultraviolet, there chemical properties will be
changed. This lead to eliminate the ability of these microorganisms to increase their number. The greatest
effectiveness range of UVC approximately 0.260-0.265 um [11, 15]. UV radiation can also be obtained from
two types of sources, either artificial, through fluorescent lamps, gas discharge lamps, light amplification by
stimulated emission of radiation (LASER), or light-emitting diode (LED). This source types are used in many
applications, whether in the field of medicine, industry, trade, research, or at home, the second source is
natural, where sunlight is the main source of natural UV light. As of late, regular sunlight on the human body
has a great interest in the science of medicine [14, 16, 17].

There is no doubt that maintaining the cleanliness of surfaces, especially medical facilities, greatly
reduces the risk of disease, transmission of infections, and control of pathogens. All of these will lead to
improving human health care system and scientists can control the epidemic disease [18]. There are now
major challenges to keep health facilities and public transportation such as airplanes and buses free of viruses
to reduce the spread of infection. This led to an increase in the use of "touchless" disinfection techniques,
including the use of UV radiation [19]. From these devices which are used now in many locations inside the
hospitals, UVC light-emitting device. Also the pulsed xenon-based ultraviolet light no-touch disinfection
systems (PX-UVC), which are used for medical disinfection inside many locations, such as intensive care
units (ICU), operating theatres (OT), and isolation rooms, as shown in Figure 4 [18, 20, 21]. In addition, this
technology is used in disinfecting the airplanes, and buses, as shown in Figures 5 and 6 [22, 23].

In China, inside the bus station, all the buses are being exposed to UVC light at night, also banks
using this UVC light to disinfect their money [23]. This technique has proven effective in eliminating the
spread of germs and microorganisms, but it is dangerous for workers or patients inside hospitals to be
exposed to these devices, so these devices are operated in rooms after the patient has left and there are no
health workers. Also, in order to protect the human element, these devices are equipped with motion sensors
that shut down the device in the event that any movement inside the room is cleared [18, 20]. Some studies
have found that UV rays and heat affect the COVID-19 virus like other coronavirus (CoVs.) [3]. It is
important to know that, the doses of UVC are varying in the intensity per unit area and in the exposition time
duration [18]. After performing many experiments in many medical researches, it is found that, the doses of
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UV needed for a 90 to 99.999% reduction of the organisms, which are used on various inanimate surfaces
depends on the type of organism, type of hard surfaces [24]. The following Table 2, summarized many
results from other researches have been done on the series of Corona Viruses [25].

Figure 5. Dimer Ultraviolet-C disinfection in airplane Figure 6. Ultraviolet-C disinfection in bus station

Table 2. Summary of UV light studies on Coronaviruses

Microbe D90 dose (exposure) required Source
Coronavirus 7 J/m? Walker 2007
Berne virus (Coronaviridae) 7 JIm? Weiss 1986
Murine Coronavirus (MHV) 15 J/m? Hirano 1978
Canine Coronavirus (CCV) 29 J/Im? Saknimit 1988
Murine Coronavirus (MHV) 29 J/Im? Saknimit 1988
SARS Coronavirus CoV-P9 40 J/m? Duan 2003
Murine Coronavirus (MHV) 103 J/m? Liu 2003
SARS Coronavirus (Hanoi) 134 J/m? Kariwa 2004
SARS Coronavirus (Urbani) 241 J/m? Darnell 2004

2.2. Infrared thermal imaging (thermography)

The infrared (IR) light is a part of the electromagnetic spectrum (EMS) which could not be seen
with the naked human eye, in the range of (0.78 um : 1000 um ), this means that the wavelength of IR light is
longer than the visible light wavelength, and shorter than wavelengths of radio waves as showne in Figure 7
[26-28]. There are many applications for IRT in fields of surveillance, identifying human emotions from face
detection, which includes facial recognition, the food industry, agriculture, medical applications, night vision,
and in military application [28-30]. A thermographic camera, sometimes called thermal imager, or infrared
camera, is a device which uses infrared radiation to create images similar to traditional cameras that use the
visible light to produce images [31].

Thermal imaging technology has many important advantages where, this technique does not require
direct contact with targets to measure its temperature, and therefore it provides us with a safety factor while
using it to measure temperatures in many dangerous situations such as people who may be infectious to
diseases or objects with high temperatures or dangerous materials such as acids. Likewise, this technology
enables high-speed thermal scanning for both stationary and moving targets, as well as rapid temperature
change patterns. In addition, it should be noted that thermal imaging is not a surgical technique nor is its
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harmful radiation such as x-rays. Also, this technology could be used in dark or light, because the object
being monitored does not depend on the lighting conditions but depends on the temperature emitted from it
[28, 32].
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Figure 7. Spectrum of electromagnetic waves and infrared ranges

Infrared thermography (IRT) is an advanced measurement technique able to quantitatively measure
surface temperatures of many objects simultaneously and faster than other devices [33-36]. One of the most
symptoms which commonly appear after approximately six days when someone is infected with COVID-19
according to the reports of WHO, is the fever [3]. Therefore, the suitable procedure was to check the body
temperature to easily determine the person who may be infected with COVID-19 among the crowd.
However, ordinary infrared thermometer has many weaknesses, among these disadvantages; it takes a long
period to take the temperature reading from everyone. In addition, the infection might be spreading to the
person who is making the screening process because of the close contact with the others [1. 31, 37]. So
thermal scanning of people inside the crowds or inside public buildings, companies, and medical facilities
represents one of the most important means to apply precautionary measures to combating that pandemic.
Moreover, to enhance the use of this technology in facing this pandemic, the drone is equipped with thermal
imaging system as showne in Figure 8. Therefore, some drones being equipped with thermal cameras, some
were also equipped with microphones to capture sounds, and by also using artificial intelligence (Al)
solutions to process and analyze thermal images which are integrated with the sounds captured after
processing them for canceling the noise, it was reached to identify other symptoms other than fever such as
coughing and sneezing. This provides us with more precision to identify potential people with the virus of
COVID-19[1, 37, 38].
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Figure 8. Thermal screening by drone

In addition, this technology is used in surveillance system to scan suspected area using infrared
camera, which is amounted on the smart helmet as shown in Figure 9, which may be equipped also with
optical camera in order to enable us to identify people who are likely to be infected with the virus using facial
recognition technologies. Then by employing the global positioning system (GPS), the system could locate
the suspect person. By integrated with the internet of things (I0T) technology and wireless communication
systems all the necessary information is sent to the pandemic management center [31].
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Figure 9. Smart helmet system

2.3. Robotics

Nowadays, there is extremely severe stress around the world on all health care systems because of a
pandemic COVID-19. There is no doubt that robotic systems could participate in limiting the spread of that
virus and preserving human health, especially for medical staff who are more vulnerable to infection because
of their contact with patients by virtue of their work, so the main goal is to reduce the direct contact between
patients and the health care workers. Therefore, there are many technical solutions to achieve this goal.
Providing digital solutions in health care systems such as telehealth/telepresence, and employed robots,
which perform many procedures that require direct contact with patients. Such as measuring the temperature,
monitoring some clinical parameters for the patient, for example, heart rate, respiratory rate, oxygen
saturation, and blood pressure, virtual screening and diagnosis, medical treatment process, delivering food,
giving the patients the medical doses in its proper times, and disinfection process. Thereby, all of these
procedures will decreasing the load on the workers in the medical field, especially doctors and nurses, by
achieving the largest possible separation for the longest possible time between them and the patients. Figure
10 shows some types of these robots which are used in various fields [1, 39, 40].

In addition, some robots are equipped with a thermal camera in some companies to check the
temperatures of the employees before giving them the permeation to enter the facility as shown in Figure 11.
If they suspect in an employee, that he has a fever they send immediately a message to his manager and does
not open the door, thereby preventing him from entering the facility [41].
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Figure 10. Usage of robots in various fields
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One of the most important tools, which has an important role and many applications to confront this
pandemic, is the drone. Because they could reach to difficult locations in short time and does not need direct
contact with others. Drones are being used in many fields to accomplish various missions as shown in
Figure 12. Such as monitoring the places of human gatherings, delivery services for both the medical and
commercial sectors, purification works, broadcasting useful information to citizens, surveying the temperature
of people [1, 3].

Broadcasting

Surveillance
e M

=T e

Figure 12. Drones applications in a pandemic confrontation of COVID-19

2.4. Automated face recognition (AFR) technology

In the beginning, it is important to mention that face recognition is a very efficient physiological
biometric security system, and very safe more than other biometric security systems such as fingerprint
systems, so it is widely used because there is no physical contact between the users and the device. This
technology has a great advantage in these days because virus-like COVID-19 live on the surface from six
hours to approximately nine days [25, 42, 43]. The techniques of AFR are the result of two integrated
operations, face detection and face recognition [44, 45]. Facial recognition is being used in many
applications, such as surveillance, access control, criminal identification, security, healthcare [42, 43].

The face recognition system is performed through three stages, first stage is the face detection where
the image from the optical camera is scanned and this stage determines if there is any face in that image or not.
The second stage is feature extraction where a group of prominent lineaments of the detected face image such as
nose, mouth, eyes, and their geometrical distribution are extracted. The final stage is face recognition where the
extracted features in the previous stage are compared with the stored faces in the database as shown in Figure
13. There are two main applications of face recognition, identification, and verification [43, 46].
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Figure 13. Block diagram of face recognition system

By using this technology, any person who may be infected with COVID-19 could be tracked. Also
by integrating with other advanced technology like Al, machine recognition, machine learning, image
processing, and other monitoring software programs, the system could track people who dealt with the
infected person, determined their route, and reached in the shortest time, thus limiting the spread of this virus
[42, 45]. Many companies making now great efforts to develop the bio-surveillance facial recognition
system, to maximize the benefit of this system by making it able to specify whether citizens are adhering to
social distancing measures and wearing masks or not [47, 48].

3. CONCLUSION

In this review study, we illustrate that many healthcare, transportation, surveillance, disinfection, and
delivery systems have employed different engineering techniques during this pandemic. Also, we concentrated
on the UV radiation, infrared thermal imaging, robotics, AFR technologies to reduce the spread of this virus and
manage the outbreak.
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