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Robocov, designed as a rapid response against the COVID-19 Pandemic at Tecnologico de Monterrey, Mexico,

with implementations of artificial intelligence and the S4 concept, is a low-cost robot. Robocov can achieve

numerous tasks using the S4 concept that provides flexibility in hardware and software. Thus, Robocov can impact

positivity public safety, clinical care, continuity of work, quality of life, laboratory and supply chain automation, and

non-hospital care. The mechanical structure and software development allow Robocov to complete support tasks

effectively so Robocov can be integrated as a technological tool. 

COVID-19  S4 products

1. Introduction

The human-robot interaction has been growing up extremely fast since COVID-19 is limiting the human-to-human

interaction because an aggressive spread of COVID-19 can be promoted when there are persons undetected with

COVID-19. Thus, they have to limit their close contact with another person .

On the other hand, designing robots using the S4 concept can be beneficial since several degrees of sensing,

smart, sustainable, and social, can be delimited to boost the design process. Products designed using the S4

concept are presented in . These products show a significant advantage since they can be designed using

different levels of sensing, smart, social, and sustainable features. Thus, those products can be customized, and

the selection of materials could also be limited. Besides, it is essential to consider that the concept of S4 products

allows incrementing the speed of the design process and decrement the product’s cost. When the product is

designed, the level of each S4 feature allows decrementing the cost of the total product. For instance, if the cost of

sensors is unaffordable, the level of the smart feature can be incremented to create a more suitable design with a

low-cost digital system.

In , several examples of S4 products are presented in agriculture applications. In addition, several

communication channels between robots and humans can be used according to specific requirements, and those

communication channels also have to be tailored. The communication channels between the end-user and the

robot could be classified by the stimuli signal received using the robot, such as visual, tactile, smell, taste, and

auditory. Furthermore, the signal could be interpreted and adjusted to determine the actions that need to be done.

[1]
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The communication channels are designed to know and solve the end-users necessities, so the communication

channel is considered part of the social, smart, and sensing system. Moreover, robots must follow some moral and

cultural behaviors according to defined geographical regions or applications in COVID-19; they must be designed

to be adopted and accepted swiftly by communities. Figure 1 shows the design process stages for building the

reconfigurable robot.

Figure 1. Design and manufacturing stages.

In addition, artificial intelligence (AI) emerged as a powerful computational tool when data are available; according

to , it could be possible to automatically extract features for object classification. Thus, AI is implemented to

detect the face mask’s correct position. Moreover, it could be used for determining the social distance. Moreover, a

fuzzy logic controller was designed to avoid collisions against objects. In repetitive tasks such as sanitization, it is

possible to use a line follower algorithm to detect a line on the ground that allows recording the trajectory and

completing it autonomously (see Figure 2).

[5]
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Figure 2. Following a line for repetitive tasks.

2. AI Integrated on the Robot

AI has increased its impact since new methodologies, advanced digital systems, and data for training and

evaluating the AI methodologies . Convolutional neural networks have been used in different applications related

to image classifications. During the COVID-19 pandemic, face masks and social distance detection have been

essential to incorporate in public places. Hence, convolutional neural networks have shown to be a good

alternative for achieving the recognition requirements in the COVID-19 pandemic .

The designed robot integrates essential features needed to control the spread of COVID-19, such as keeping

social distance and detecting face masks. Those tasks were selected as autonomous tasks since they are difficult

to evaluate when there are crowded spaces, and they are not easy to perform by the human operator. Besides,

there are enough databases for training those conditions; a convolution neural network was implemented .

Besides, the same navigation camera deployed on the robot could evaluate social distance and detect face masks.

Since the operator requires a backup for detecting those, the robot integrates an autonomous detection. Figure 3

[6]
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shows the general topology of a convolutional neural networks~(CNN), and Figure 4 illustrates the detection of

social distance, and Figure 5 illustrates the face mask detection. The inference process uses a pre-trained model

of approximately 2000 images, and some data augmentation techniques were applied. The robot only sends the

image to evaluate on the PC, and then locally, the CNN is run, releasing the onboard processor of computational

load. The minimum specification of the PC to run the CNN are:

Figure 3. The general CNN topology, from the input to the classification result.

Figure 4. Social distance detection.
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Figure 5. Face mask detection: (a) correct use of the face mask; (b) incorrect use of the face mask; (c) face mask

not detected.

3. General Description of the Robocov Systems and
Subsystems

Robocov is a reconfigurable robot that has multiple subsystems (modules). Each module is designed to fulfill a

specific objective. For example, Sensing (Level 1) describes each subsystem’s measuring and monitoring

components. Smart (Level 2) enlists the primary actuators or subsystems. Sustainable (Level 3) analyzes the

economic, social, and environmental aspects behind the operation of each module. Finally, the social level

describes the interaction of the subsystems with their environments and different users. This analysis is described

in Table 1.

Table 1. S3 solution according to the implemented modules in the ROBOCOV unit.

Description of the Main Implemented S3 Solutions

 

Disinfection
system:
(Two modules)

UV light system

Atomizer system

Vigilance system:
Driving unit

Cameras

Obstacle

avoidance

system.

Monitoring system:
Temperature system

Interaction system

Cargo system:
Transportation

of material

Sensing
(Level 1)

Measuring and
monitoring

Measuring and
monitoring systems

Measuring and
monitoring systems

Measuring and
monitoring
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Description of the Main Implemented S3 Solutions
systems using:

Water level

sensors

Flux control

using:
Proximity sensor

Infrared sensor

Camera

using:
Temperature sensor

Microphone

RFID reader

systems using:
Proximity

sensor

Infrared sensor

Camera

Smart
(Level 2)

Actuators:
UV lights

Mini water pump

Control:
Arduino

Raspberry Pi

Actuators:
BLDC Wheels

Control:
Arduino

Raspberry Pi

User Interface:
Xbox controller

Actuators:
Speaker

Control:
Arduino

Raspberry Pi

User Interface:
LCD display

Actuators:
BLDC Wheels

Control:
Arduino

Raspberry Pi

User Interface:
Container

Sustainable
(Level 3)

Economic:
Low operation

cost

Low

maintenance

cost

Social:
Work safely

Low personnel

Easy use

Ergonomic

assembly

Environmental:
Minimum

environmental

impact

Economic:
Low operation

cost

Social:
Work safely

Low personnel

Easy use

Environmental:
Minimum

environmental

impact

Low use of energy

Economic:
Low operation cost

Low maintenance

cost

Social:
Work safely

Two-way

communication

Easy use

Personalized

interaction

Environmental:
Minimum

environmental

impact

Economic:
Low operation

cost

Low

maintenance

cost

Social:
Work safely

Intuitive use

Environmental:
Low use of

energy
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In Table 1, the first module is the disinfection system. The main objective of this module is to sanitize public spaces

in an efficient and non-invasive manner; the implementation of two separate modules can achieve this. The first

disinfection module is based on UV light for non-invasive disinfection. This module allows Robocov to sanitize any

surface and spaces within reach of the UV light (2.5 m from the source) and the correct exposure time (around 30

min). It is essential to clarify that this module should only be used in empty spaces; it has been demonstrated that

the UV light used for sanitizing tasks can be harmful to a human user or operator in case of exposure. The

Robocov UV light module allows safe and efficient use of this disinfection method owing to a remote control

operation. Figure 6 shows how this module is integrated into the Robocov platform.

Figure 6. UV disinfection system.

Alternatively, the second disinfection module consists of operating atomizers that distribute a sanitizing solution in

the robot’s surroundings using a mechanical designed arch-type structure. This module requires a sanitizer

container to transport and provide the sanitizing solution. Moreover, a hose system is designed to reach the
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Low use of energy

Social
features

The robot promotes
changes in the
behavior of the
operator by:

Incorrect use

Correct use

Rewards

Program

The robot can
improve its
performance when
the operator is
changing their habits

The robot can have a
direct
interaction with the
users, allowing a safe
communication
channel between users
and operator

The robot functions
as a safe delivery
service.
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distributed atomizers. The latter components are then paired up with a mini-water pump to inject the sanitizing

solution from the container to the hose system. In this case, the remote operation of the atomizer module and the

safe disinfection are suited for public use. Figure 7 shows the atomized disinfection module and system. The

control of both modules within the disinfection system is achieved with onboard Arduino and Raspberry Pi boards;

these controller boards and the battery-powered system make these modules a safe, uncomplicated, and

economical solution, with minimum environmental impact.

Figure 7. Atomizer disinfection system.

The second system consists of the Vigilance system. This system can be comprehended as the central driving unit,

and its main objective is to mobilize the robot as intended by the operator as efficiently as possible. To achieve this,

onboard cameras and proximity sensors are installed to guide the operator in the maneuvering tasks. The operator

interaction is carried out via an Xbox controller for ergonomic and intuitive commands. This base module can be

paired with any other Robocov module, operating cooperatively or individually.

The third system consists of the Monitoring module; this module measures the temperature of particular users

owing to an installed proximity temperature sensor; it also interacts with the students via a two-way communication

channel and a guide user interface in the front display. The onboard speaker and microphone provide a user-

friendly interface for remote interaction between the users and the operator, allowing a personalized interaction for

every student. The personalized attention to the students has been achieved owing to an RFID card reader, which

identifies the users when interfaced with a student or personnel ID. Figure 8 illustrates how this module can be

assembled.
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Figure 8. Monitoring system.

Lastly, the cargo module is designed to function as a safe and reliable transportation service. By taking advantage

of the control and maneuverability of the vigilance system, the cargo module can be used to deliver hazardous

material, standard packages, or documents from point A to point B without the need for direct interaction between

peers. This helps to reduce the direct interaction and number of exposures in a crowded community such as

universities or offices. This module is shown in Figure 9.

Figure 9. Cargo system.

4. The Tasks That Robocov Can Perform

As a modular system, the proposed Robocov platform can accomplish a fair number of tasks. As shown by the

bubble cart in Figure 10 , the installed module allows attaining specific tasks to increase the number of

performed tasks. However, the robot is based on a leading platform, so the specific module can be selected to

maintain the cost of the robot low. For instance, when the UV module is selected, a specific UV lamp can be

[13]
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installed according to the sanitization requirements as the area that requires to be sanitized and the time for

achieving this task. Thus, the designer can tailor the elements of each module based on the requirements and the

primary platform limits.

Figure 10. Design and manufacturing stages.

Public Safety

Clinical Care

Continuity of work and education

Quality of Life

Laboratory and supply chain automation

Non-hospital care
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5. Conclusions

The proposed robot, Robocov, is a low-cost robot that can perform several tasks to decrease the COVID-19 impact

using a reconfigurable structure. Besides, it is a robot that integrates S4 features and AI, allowing the robot to

accomplish the end-user requirements such as sanitization and delivered packages. Besides, monitoring

temperature is a critical variable used to detect infected people, so temperature sensors are selected instead of

thermal cameras that can increase the cost of the whole robot. Moreover, face mask detection or social distance

are essential tasks added to the robot’s detection system to integrate into the robot. The remote navigation system

has a supportive, intelligent control system to avoid obstacles. In future work, the navigation could be completely

autonomous with another implementation of AI. Social features are integrated since the interaction with the

operator must be improved according to the operator’s behavior and needs. In addition, this robot is a

reconfigurable robot with a central element, the leading platform with the traction system, and a central

microprocessor that allows different devices to connect with the robot. Using this concept of S4 and AI is possible

to design robots with high performance and low cost that can perform complex tasks required to decrease the

impact of the COVID-19 Pandemic.


