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Abstract 
In this research article, monitoring, diagnosing, and efficiently reducing the spread of the 
virus are carried out by artificial intelligence (AI) techniques. The work resolved a number 
of issues and weaknesses of the early AI methods. The AI is developed and investigated 
to provide a detailed report on the case/patient without human/doctor intervention. The 
current work also designs a device for the rapid examination (seconds) of the human 
(potential patient), thereby facilitating the observation of a large number of people in a 
short period without running costs. The suggested system tests a number of human 
functions, including neurotransmitter and brain status, mood/mental states, facial muscle 
tension level, temperature of the body and hands, pressure and pulse rates, blood oxygen 
level, breathing rate and their difficulties, eye(s) redness level, and overall body 
imbalances. The collected data are analyzed and a detailed report on the patient 
condition is issued. The diagnosis system utilized artificial fuzzy inelegance via applying 
four test cases: mild, moderate, severe, and critical cases. The level of medical care 
according to the case is distinguished considering intensive care and/or resuscitation and, 
in turn, the health case is controlled. 
Keywords: Coronavirus; controlling; artificial intelligence; digenesis. 

 
1. Introduction 

The importance of AI not only applies in 
discovering of the disease but also in the diagnosis. 
The AI system can use a camera based on computer 
vision and infrared sensors to predict the 
temperature of people in public areas. The system, 
which is currently used in railway stations, can 
check up to 200 people a minute and detect their 
temperature in the range of ±0.5 °C, e.g., the 
system indicates people with abnormal 
temperatures. The AI system was recently 
developed to detect the virus in computerized 
tomography (CT) of a patient’s chest. The 
developers of the system indicate approximately 
96% diagnostic accuracy, providing results in a 
considerably short time (less than 15 min). The 
system can also quickly identify the differences 
between emerging Covid-19 and ordinary 
pneumonia. Currently, about 100 hospitals in China 
are relying on such system. 

One of the challenges of using CT image analysis 
is distinguishing between Covid-19 patients and 
other types of pneumonia. Differentiating between 
some types of pneumonia and the Coronavirus is  
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generally difficult due to the considerable similarity 
between the symptoms. Covid‐19 has almost 
identical posterior distribution and topography 
images with substantially close ground‐glass 
opacities and multifocal [1–6]. Xie et al. [7] and 
some other researchers worked on such a topic by 
adding several fully connected layers for patient 
classification process. Song et al. [8] improved a 
feature network and attention module for such 
process. Lin et al. [9] provide a complex network 
but a represented fine-grained image aspects. 
Gozes et al. [10] investigated a commercial medical 
program for image processing with fine-tuned 
Covid-19 cases to classify the images of Covid-19 
ones. Overall, the researchers generally showed the 
potential of distinguishing Covid-19 from other 
diseases. 

Recently, researchers have reported speech or 
sound-based Covid‐19 pneumonia detection 
techniques. In such techniques, instruments are 
applied to check dry and wet coughing or sneezing 
sounds, speech under cold sounds, eating behavior 
sounds, and sleepiness or pain sounds. Sound 
processing is subsequently analyzed via 
paralinguistic computation [11]. Cell phones are 
also capable of detecting Covid-19 patients [12]. 
The sound technology problems, however, include 
detection of coughing, breathing difficulties, and  
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sneezing. 

The above overview shows dissimilar methods 
for Covid-19 diagnosis. The disadvantages of such 
methods, however, are their diagnosis after 
symptoms appears. This causes a great virus spread 
and uncontrolled conditions. In addition, the 
methods could not evaluate the health condition of 
patients without doctors’ involvement, which 
causes many doctors’ infection with the virus. This 
study aims to overcome such problems by 
improving the existing AI techniques. AI is 
developed in this study to determine the infection 
time of patients with the virus and the level of 
medical care needed and then release a detailed 
report on the case without human intervention. 
This work also designed, built, and tested a device 
to examine Covid-19 (potential patients) in a rapidly 
fast time (seconds), which allows the examination 
of the largest number of people in a short period 
without running cost. The proposed device 
measures many vital biological and human 
functions and the data are analyzed and a detailed 
report is released regarding the health conditions. 
This study among the research of enhancing public 
health and improving the environmental problems 
[13–38]. 
 
2. Proposed system methodology and working 
principle 

The methodology principle aims to determine 
the patient infected with the Coronavirus and 
report the level of medical care needed for further 
assessment and/or treatment. Bio-signals, in 
conjunction with other criteria as physiological  
 

 
indicators, are considered to evaluate the health 
and severity conditions. The design includes 
measurements of human bio-signals and 
physiological indicators of body temperature and 
pulse rate of the heart. In addition, the vital 
biological human functions are evaluated via the 
mental state of the brain, tension level of face 
muscles, hand/body temperature, rate of pulse and 
pressure, oxygen level in the blood, and difficulty of 
breathing. The electromyogram (EMG) signals are 
acquired from the muscle, while 
electroencephalography (EEG) signals are acquired 
from the brain. The suggested system for EEG 
signals would be placed as a wearable on the head, 
while EMG signals would be placed around the 
hand wrist. Meanwhile, the bio-data of humans 
could be read from the front and top of the head. 
The collected bio-data is analyzed via artificial fuzzy 
algorithm. The continuous intelligent fuzzy logic 
algorithm takes a decision based on standard rules 
of a healthy person. The state of human health is 
then defined and a recommendation is provided for 
the medical care needed considering intensive 
and/or resuscitation. The recommendation is 
displayed on an LCD together with soft light and 
sound notification. Synergistic integration with 
embedded methodology is considered in the 
system design as discussed later. 
 
Table 1. The initial applied values for ramp input 
block. 

Test № EMG EEG temp Pulse rate SpO2 slope 

(1) 2 65 35 55 75 2 
(2) 2.5 75 36 50 70 1 

Table 2. Input reading examples on Bio-signals and Physiological indicators, and heath state evaluation results. 

Test № Temp Pulse rate 
Oxygen Level 

SpO2 
EMG EEG 

Decision numerical 
value 

Color To switch Health State 

(1) 37 70 90 3.4 86 1.2 Green Ok 
(2) 37.5 75 85 3.1 93 1.65 Green Ok 
(3) 38.5 80 95 2.4 83 3.672 red Hyp 
(4) 40 75 80 - - 5.4 Red ICU 
(5) 36 95 85 3.8 81 4 Red Hyp 
(6) 38.6 100 80 2.5 78 4.73 Red ICU 

 
3. Overall design and prototyping  

A personal PC, MATLAB-Simulink, Arduino GUI, 
and Microsoft Excel software are all regarded as 
tools to test systems, subsystems, modules, 
circuits, and the overall system operation. 
Additionally, testing of acquired data for saving and 
analysis is considered. An experimental setup for 
such tests is conducted as shown in Figure 1. The 
MATLAB/Simulink models for data reading, 
processing, and programming of fuzzy algorithm 

are shown in Figures 2 and 3. Most of the selected 
input sensors are analog types, except for the 
temperature sensor. Software integrations, along 
with manufacturer programming libraries, Arduino 
GUI, and Microsoft Excel software, are used to read 
and process the sensor signals. 

Considering electrodes with microvolt signals, 
EEG measures brain electrical activity; EMG 
measures electrical impulses produced by muscle 
fibers. Covid-19 infection causes facial muscle  
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pains, but, generally, the pains in muscle can also 
be attributed to exercise. Thus, it is important to 
differentiate between pains from Covid-19 and 
other causes. The pains caused by Covid-19 are 
sharp, incapacitating, and persistent. In addition, 
muscular symptoms linked to Covid-19 include 
myalgia (muscle pains and tiredness) and 
headache, which could be measure by EMG and 
EEG. Figure 4 shows EEG channel unit applied to 
read the human brain electrical activities. The 
Mind-Flex circuit chip is applied, as shown in Figure 
5, for signal acquisition and processing (signal 
filtering and amplifying) of the microcontroller 
through pins. This set is considered to read human 
health conditions by interpretation and relation of 
the mind state with taking into account the stress, 
relaxation, and drowsy conditions. Software 
integration is applied to read such three state 
conditions in terms of reading range between 0% 
and 100%. A high value leads to warning condition; 
the three selected states are interrelated as 0% in 
fully relaxation and 100% in full attention condition.  
The Myo-Ware module EMG, as shown in Figure 6, 
is a ready-made segment to read, filter, and rectify 
the electrical impulse produced through muscle 
fibers. The module was designed to wire directly 
into the microcontroller modules, as shown in 
Figure 7. The output voltage of the sensor is 
proportional to the muscle activities [39]. 
Depending on muscle function, programing 
integration is implemented for reading ranges 
between 0 and 5 VDC [40]. 

The linguistic variables are considered as 
follows. Considering EMG with a range between 0  

 
and 5, the variables are denoted as [L, M, and H]. 
EEG drowsy, relaxed, and attention, ranging 
between 0 and 100, is respectively denoted as [D, 
R, and A]. Body temperatures of low, normal, fever, 
high fever, and extremely high showed a range 
between 33 and 45 and are respectively denoted as 
[L, N, F, HF, and EH]. Heart pulse rate in normal 
and/or high infection in a range between 55 and 
110 is denoted as [N, IN, and HIN]. Oxygen levels in 
a severely low and/or normal range between 70 
and 100 are denoted as [SL, L, and N]. The output 
health state with no care needed, hypnosis, 
intensive care, and resuscitation range is between 
1 and 8 and denoted as [OK, HYP, ICU, and RES]. 
Examples of such cases are shown in Figure 8. The 
output membership function, ranges, and linguistic 
variables are shown in Figure 9. The fuzzy rules in 
the base and inference mechanism are designed to 
correlate all read input data of human bio-signals 
and indicators. Moreover, the decision expresses 
the Covid-19 infection, human health condition, 
and/or the suggested medical care. The MATLAB-
Simulink models, as shown in Figures 2 and 3, are 
interfaced with the ATmega328p microcontroller of 
type Arduino-Nano board for the data acquisition, 
analysis, and proofing concepts. The 
microcontroller reads the values of different inputs 
of bio-signals and indicators, and the data are then 
interfaced into PC and MATLAB software for further 
processing and decision making. Figure 10 shows 
the Simulink model with different inputted values 
of all bio-signals and indicators of the final 
estimated results based on the fuzzy logic algorithm 
and visually displayed outputs. 

 

Figure 1. Experimental setup represented pictorially. 
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Figure 4. The Mind-Flex headset EEG reading 
 

Figure 5. Wiring Mindflex to microcontroller 
through pins 

 

Figure 6. Myo-Ware module EMG reading 
 

Figure 7. MyoWare EMG module 
 
4. System testing results and discussions 

Together with MATLAB-Simulink and fuzzy 
algorithm, different methods are considered to test 
working conditions and the level of correctness of 
the results: (a) a constant input value is used as 
input for each sensor to represent the reading of 
each bio-data and indicator; (b) a ramp Simulink 
block with different slope values is used to evaluate 
the model in different inputs with changing and/or 
increasing rates. A couple of examples of graphical 
results are shown in Figure 11 at ramp input values. 
As seen, the applied ramp block slope is 2 and then 
1 with corporate to initial values. Table 1 
summarizes the initial applied values for ramp input 
block. By analyzing the input values, the results of 
decisions obtained by the fuzzy algorithm show that 
the algorithm could be used with the bio-data in 
conjunction with other criteria, mainly 
physiological indicators, to distinguish between 
healthy and infected persons. Additionally, these 
results would be used to determine when the 
person is infected with coronavirus and then report 
the level of medical care needed considering 
intensive care and/or resuscitation. In particular, 
Table 1 shows the results of test (1), which reveals 
that the person needs hospital intervention for 

initial medical care based on the preliminary values 
of bio-data and indicators. The values reached 
normal levels with increasing input values of bio-
data and physiological indicators in a ramp fashion; 
thus indicating that health care is unnecessary. The 
values reached the level of necessary 
hospitalization for medical care with further 
increasing values of bio-data and physiological 
indicators in a ramp fashion. Further increase in 
values also raises the level of intensive care (ICU) 
requirement. As shown in Table 1 and Figure 11, 
similar conclusions can be made in test (2). 

By analyzing the two cases, Table 2 shows that 
the results and the decisions taken are satisfied 
considering input readings. In particular, the input 
data are informative and intuitive; such data can 
intuitively demonstrate the decision of the human 
health state and recommendations considering the 
level of required medical treatment. It is important 
to highlight that the system might be required to 
evaluate in a real test case with a person infected 
with covid-19; however, this would be carried out 
in the next stage of this work; presenting a design 
and prototype of Covid-19 with minor tests are 
quite satisfactory in this stage. 
 

(a) 

(b) 

 
(c) 

Figure 8. Examples on used membership functions 
type, ranges and linguistic variables; (a) Body 

temperatures, (b) EEG, and (c) EMG 
 

Figure 9. The output membership functions, 
ranges and linguistic variables: [OK, hypnosis, 

intensive care, or resuscitation]. 
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Figure 10. Simulink model for fuzzy algorithm testing with inputs and outputs developed in 
MATLAB/Simulink. 

 

(a): Test (1) 

(b): Test (2) 

Figure 11. Two graphical examples on testing 

results when the all input readings are increasing 
ramp inputs as in Table 1. 

5. Conclusions 
The current work improves AI techniques with 

high precision for the diagnosis of Covid-19 through 
solving some problems of the available AI. Such 
developments in AI techniques have not been 
introduced early. Simulation, hardware design, and 
validation of a sophisticated AI diagnosis device are 
covered in this work. The AI is built via artificial 
fuzzy inelegance and can differentiate between 
Covid-19 and other diseases in close symptoms. In 
addition, the AI offers a report containing the 
health condition and the level of medical treatment 
required in a considerably rapid period (seconds) 
without any human interference; this allows 
multiple patients to be examined without running 
costs in a significantly short time. The developed 
technique is designed based on monitoring many 
important biological and human functions, such as 
the brain situation and neurotransmitters, 
mental/mood disorders, the level of facial muscle 
tension, the temperature of the hands and body, 
the rate of pulse and pressure, the level of oxygen 
in the blood, the rate of breathing and its difficulty, 
the degree of redness of the eye(s) and the overall 
imbalance of the body. The proposed AI method 
with the artificial fuzzy algorithm could be used to 
differentiate between healthy and infected 
individuals.  
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