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Abstract 

There is an urgent 

need for greater 

proactive measure 

during pandemics. The 

arguments in favour of 

such need are the 

volume of losses 

eminent with 

pandemics. The 

concept of embedded 

systems and internet 

of things was 

discussed as a base for 

their implementation 

in mitigating 

challenges that comes 
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Introduction  
THE CONCEPT 

Embedded Systems 

Li and Yao (2003), 

described an 

embedded system as 

a system that is 

integrated into a 

larger system to 

enable it perform 

specific task using 

computing ability 

resulting from the 

coupling of hardware 

components with 

software applications. 

It is software driven 

system running inside 

a microcontroller that 

provides real-time 

operation and control 

of specific functions. 

The embedding 

gadgets are often 

characterized as user-

friendly, reliable and 

suitable. As the name 

implies, they hide 

from the user the 

computing systems. 

The specificity of task 

and its inclusion into a  
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with most pandemics. 

An embedded system 

is a computing system 

that works in a 

hardware device to 

perform dedicated 

function. An internet of 

things is an upgrade of 

embedded systems 

with internet 

connectivity that 

enhance one 

embedded device to 

communicate with 

another embedded 

device.  Particularly, 

embedded systems 

and IoT provides and 

facilitates interfaces 

that make us interact 

with the physical 

world, especial where 

pandemics have made 

it unlikely for us to do 

so. Specificity is made 

to substituting the 

appropriate sensors 

and actuators for every 

particular limited 

human interaction and 

operations posed by 

pandemic. Analysis 

into the nature of 

limitations posed by 

pandemics was look 

into. This paper, seeks 

to awaken the world 

especially, the 

embedded engineer to 

be more proactive 

towards using 

electrical and 

computing 

applications in 

addressing future 

pandemics by 

mitigating its negative 

impact in every 

aspects of our 

endeavour by the 

practical application of 

embedding systems 

and the internet of 

things.  . 

 

ore composite device that may be mechanical or electrical 

differentiates an embedded system from the personal 

computer (PC). 

Today, it is common to see embedded devices of different types and sizes 
reforming our approach to doing things that cut across all fields of 
endeavor. Examples of embedded devices are bar code reader, DVD player, 
mouse, monitor, smoke detector, television remote, personal digital 
assistant (PDA), MP3 Players, anti-lock braking system, GPS navigator, 
automated teller machine (ATM), printer, keyboard, refrigerator, game 
controller, television, radio, blender, elevator, hybrid vehicle systems, 
camera, washing machine, etc. (Barua, Hoque and Akter, 2014). These 
examples show the indispensable nature of embedded system to our daily 
life with regards to usage, because of their effectiveness, reliability and 
most of all its real-time run.  
 

Embedded System Components 
Hardware, program, and real time operating system (RTOS) are the three 

constituents of an embedded system (Bharath University, 2020). The 
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hardware components includes: sensors, microcontroller/ 

microprocessor, memory (RAM), connectors, input/ output ports, 

actuators, analog-to-digital converter (ADC), digital-to analog converter 

(DAC), application-specific integrated circuit (ASIC) and application-

specific instruction set processor (ASIP). The programs are the software 

applications that give intelligence to the hardware. They are compiled 

codes often burned onto the processor memory (ROM). The real time 

operating system (RTOS) is a time-bound system that oversees the 

program by specifying the workings of the embedded system.  

 

Key Framework of an Embedded System 

Sensor ADC
Processor &

ASIC
DAC Actuator

Memory

Figure 1: Basic block of an Embedded System (Bharath University, 2020) 

Sensor – converts physical phenomenon to measurable equivalent 

electrical signal. 

ADC– transforms anologue output to digital signal suitable for digital 

devices. 

Processors & ASIC – performs operation on data to give an output that can 

be store unto a memory. 

DAC - transforms digital output to analogue signal suitable for analogue 

devices. 

Actuator – changes electrical energy into mechanical energy either in the 

form of vibration, kinetic or inertial. 

Memory – stores digital information for use by other hardware in a 

circuitry. 

 

Interacting with the Physical World 

An embedded system has set of sensors at its input side, which sense data 

from the outside world. These sensors could be simple in nature such as 

push buttons or it could be a microphone, a light sensor, a camera. The 
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actuators on the other end send data to the outside world. So maybe 

they're lights, LEDs or speakers, or just a screen. So these interfaces 

comprising of sensors at the input side, actuators at the output side are 

interacting with the physical world by sensing or actuating physical 

phenomena. The physical phenomena are often analogue signals which are 

continuous in nature. However, the processing of the sensed input signal 

(now electrical signal) can best be accomplished with digital components 

such as the analogue-to-digital converter (ADC). In addition, when an 

embedded system is outputting data, it has to be most at times in analogue 

form. Thus, a digital-to-analogue converter (DAC) is required at the output 

end of the embedded system (Coursera, 2020).  

 

Analogue versus Digital Phenomena 

Distinguishing between analogue and digital signal is analogous to the 

difference between real numbers and integers. Real numbers between 0 

and 1 are infinite (continuous) numbers such as 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 

0.7, 0.8, 0.9, 1, indicating the continuous nature of analogue signals. When 

compared to integer between 0 and 1, which are 0, 1, indicating the discrete 

nature of digital signals. For example, light is a physical phenomenon that 

has a sort of analogue values when considering its brightness. So, one can 

take a light and have a dimmer switch connected to it and make it a little 

brighter or a little darker. Depending on how fine the control is, one can 

have a lot of possible values between totally off and totally on. And it's a 

smooth transition, that can hit every possible value between completely 

dark versus completely bright by turning the dimmer switch. Another 

analogue phenomenon is sound. The world in general to the perception of 

humans is analogue.  

Now, digital phenomenon is something that's either off or on, or at least 

has some discrete number of states. For instance, a lamp wired to a switch 

and hit off and the whole light goes off, or it goes on. Thus, light is being 

used in a digital way.  

 

Other Interfaces 

There could be other hardware on an embedded system board such as 

interfaces like the USB port and jack port. These ports serve as 
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communication ports in and out of the embedded system. So basically, data 

has to get taken from and to other embedded components such as 

microcontrollers, ROM, firmware, speakers etc through the USB and jack 

port. 

 

Internet of Things (IoT) 

Simply, internet of things (IoT) is a network of embedded systems. 
According to (Rayes, Salam, Jobs, & Salam, 2019), IoT is empowered by 
sensors, identifiers, software and internet connectivity. Sensors gather 
data. Linking of the information source (e.g. devices, sensors and 
actuators) is done by the identifiers. The evaluation of the data is 
performed by the embedding software. The Internet connectivity enables 
transmission and reception of the data. Thus, the web of things having 
precise identification and intelligence through embedding compiled 
program for the purpose of exchanging information is what is termed 
internet of things. 
It controls faraway across the internet real objects further to sensing them. 
Thus, direct combination between computer-based system and the 
physical world is established, culminating in productivity and economic 
benefit.  Each thing through the embedded computing system available in 
the IoT, is particularly identifiable and within the existing internet 
framework they interact.  
 

IoT Devices 

An IoT device is an embedded system that transmit information between 

places over the web. IoT devices include actuators, wireless sensors, 

software, smart home and computer devices. These devices can be 

implanted into medical equipment, industrial equipment, mobile handsets, 

aeronautics and environmental sensors. When connected to the internet, 

these devices can provide companies and organization the intuition that 

reduce their cost, increase gains and opens new moments for business 

(Arm Limited, 2020). With a good management base for IoT devices, 

companies can install and upgrade devices across their business network. 

 

Operating systems that support IoT 

Characteristic features of IoT devices are that they have limited energy and 

memory resources, since they are compact and run on battery. In addition, 
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most IoT devices embeds 8-bits microcontrollers for which most of the 

traditional present days operating systems (such as Unix, Mac and 

Windows) cannot support their processing type. Thus, Gaur and Tahiliani 

(2015) noted that ARM, Windows 8.1, IFTTT Arrayant, Linux etc. are the 

latest encompassing operating system (OS) for the IoT devices and its 

network management.  

Furthermore, in order to avoid needless developments and maintenance 

costs of IoT devices, a new, merging type of operating system is required. 

Especially so, since IoT combines larger scoped devices with in-plants of 8-

bits microcontroller to those processors types commonly found in 

smartphones. Obviously, there are broad range of products and sensors, 

that neither sensor network OS nor the typical OS that runs internet hosts 

can simultaneously meet the need (Baccelli, Hahm, G¨unes, W¨ahlisch, & 

Schmidt, 2013). 

 

Mobile Ad Hoc Network (MANET) 

Mobile Ad hoc Network (MANET) is a radio network of mobile 

host/routers that is self-sorting, self-restoring and self-recovering (Figure 

2). It is often connected to the internet via an access point that serves as a 

gateway. The access point is common for IoT devices. The access point is 

typically not mobile. It could be mobile, but commonly it's not mobile, and 

often wired. So, it'll have wireless connections to all the IoT devices, but it 

might have a wired connection to a LAN and internet. MANET does not 

depend on the traditional communication framework but rather allows 

communication between short-term assembled devices. These features of 

MANET are applicable for mobile devices and for disaster scenario that 

pave way for provisional communication base (Tundjungsari and Sabiq, 

2017).  

Where a network is required without a base with fixed infrastructures, 

application of MANET is vital (Bagwari, Jee, Tiwari, & Kumar, 2011). There 

is a distributed running of the network among the nodes in a MANET. Main 

running of network via a unified controller and base does not exist. Rather, 

each mobile device in the IoT, possess the primary ability as a host to 

process the network and carry out routing as a router (Rahaman & Das, 

2012). 
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Figure 2: Mobile Ad hoc Network (Coursera, 2020) 

 

Importance of IoT in Society 

The interconnection of multiple and diverse electronic devices (both 

analogue and digital) within an overlapping transmission range for an 

enhanced data communication is the main idea behind the IoT, i.e., device 

to device communication. In the years to come, the IoT would grow 

exponentially due to its potency as a growing field. Presumably it to benefit 

the society in a number of ways aimed at making life easier. An IoT 

refrigerator that has intelligent, could order for food on our behalf, by It 

taking care of things we don't necessarily want to take care of or because 

we are busy. IoT phone can help balance accounts, by carrying out money 

transfer or payment of bills for an individual or cooperate organization. So, 

the device can deal with that rather than thinking about it consciously all 

the time. The key aspect of IoT, is to make things better without adding 

complexity.  

 

THE GLOBAL PANDEMICS 

Preamble 

Qiu, Rutherford, Mao, and Chu, (2016) defined pandemic as a plague that 

strike a great number of people haven occurred over a sizeable area, 

intersecting global boundaries. There is a great difference between an 

epidemic and a pandemic. Dictionary.com (2020), describes an epidemic 

https://www.dictionary.com/browse/epidemic
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as a disease attacking the masses simultaneously within a locality where 

the disease is not common, by escalating from person to person. When 

weighed up to an epidemic, a pandemic is an epidemic that has roll out 

over a large area, such as an entire country, continent, or the whole world. 

The world health organization (WHO) have different levels of pandemic 

alert based on the extent of transmission of the disease. For example, a 

level six pandemic alert as described by WHO, has sustained transmission 

simultaneously in at least two regions.  

 

Pandemic Impact Analysis 

Pandemics come with it, negative consequences that range from economic, 
social and political. Apart from threating human health and life, virtually 
every sector of our economic, social and political life is also affected. These 
include financial sector, education, health-care system, transport, 
agricultural, animal health and tourism. An instance is the Ebola pandemic 
of 2015, which disrupted the quality of life and economy of West Africa. 
Fan, Jamison, & Summers (2018), reflects with an instance on previous 
pandemics such as the worldwide influenza and its out-turn on the 
economic. Notably, there were cutback in the workforce size and yield, 
increases in absenteeism and upset of economics due to both social and 
individual mesures that interupt disease transferral. All these resulted in 
income losses. It is worthy to mention that certain preventive measures 
normally stipulated to be observed during pandemics are not without their 
instant and prolong effects. These measures can be in the form of self-
isolation, social distancing, no handshake, the use of alcohol-based hand 
sanitizers, wearing face mask, wearing hand gloves, observing personal 
and environmental hygiene, etc. All these observable measures when 
strictly but necessary adhered to have the effect of degrading the above 
sector. Thus, a proactive procedure needs to be put in place to manage to 
the barest minimum in future pandemic occurrence, some if not all its 
negative consequences.  
 

Implementing Embedded System Design for Mitigating Pandemic 

Aftermaths 

The implementation of an embedded device specific to addressing a 

limitation caused by pandemic begins with selecting the suitable interface 

to employ at the input and output ends of the embedded system design 

block diagram that will translate to an embedded circuit. The input 

https://www.dictionary.com/browse/pandemic
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interface are mostly sensors while the output interface are actuators. A 

typical block diagram that serves as a guide in the design process is 

depicted in Figure 3.  

 

 

 

Figure 3: Generic embedded system block diagram 

 

In between the sensors and actuators is the processing unit that houses the 
compiled program responsible for the embedded system intelligence. This 
is the section that improvised intelligently what human interaction has 
been limited as a result of a pandemic. Table 1 is a sample developable look 
up table that relates the limitation nature (as result of pandemic), required 
sensor, possible actuator and the program description. It is worth noting 
that the program description serves as a guide to drafting a 
flowchart/algorithm that will culminate into the program code that will 
burned unto the microcontroller ROM memory. 
 

Table 1: Sample Look up table for Designing Pandemic  
Limitations Posed 
by Pandemic 

Suitable Sensor Suitable  

Actuator 

Program Descriptions 

Body contact  
prohibited 

Proximity sensor, e.g., 

capacitive proximity sensor 

(for Plastic target), 

photoelectric sensor (for 

Plastic target), inductive 

proximity sensor (for metal 

target) 

Touch switch, 

Range detector, 

Range alarm,  

Read the sensor input, 

process it according to 

required range. I range 

is met, send signal to 

drive the actuator 
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