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Abstract

:

Social distancing is one of the most important ways to prevent many diseases, especially the respiratory system, where the latest internationally spread is coronavirus disease, and it will not be the last. The spreading of this pandemic has become a major threat to human life, especially to the elderly and people suffering from chronic diseases. During the Corona pandemic, medical authorities were keen to control the spread through social distancing and monitoring it in markets, universities, and schools. This monitoring was mostly used to estimate the distance with the naked eye and interfere with estimating the distance on the observer only. In this study, a computer application was designed to monitor social distancing in closed areas, especially in schools and kindergartens, using a fast, effective and unobtrusive technique for children. In addition to this system, we use augmented reality to help to determine the location of violation of social distancing. This system was tested, and the results were accurate exceeding 98.5%.
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1. Introduction


The coronavirus disease (COVID-19) was causing chaos in all parts of the world. It is affecting every aspect of life, including health, culture, economy, and tourism. It led to many people who have died all over the world [1,2]. All countries were forced to close entirely and put people under compulsory quarantine in their homes. This quarantine caused significant economic losses and greatly affected the psychological state of people [3,4]. All governments directed their citizens to maintain social distancing to limit the spread of the disease [5].



Social distancing is keeping a distance of at least 1.5 m between people to reduce the risk of infection when coughing, sneezing, or talking [6]. Medical authorities were keen on social distancing and monitoring it in markets, universities, and schools, and this monitoring was mostly used to look with the naked eye and interfere in estimating the distance on the observer, and later new systems appeared that using smart technologies such as using wearable smart tags or mobile application-based [7]. In this study, appropriate technology was used to measure social distancing and employ Augmented Reality (AR) to help to determine the location of the violation of social distancing because it does not depend on the naked eye or on wearable sensors or applications on the phone that a person may stop at any time, In addition, most of this new technology is not suitable for children.



AR has been defined as a digital object added to the physical environment. Thus, we will have a new world consisting of physical components and virtual components that can be interacted with [8]. To explain the difference between the terms Virtual Reality (VR) and augmented reality Figure 1 shows two sides of a line the real and virtual environments, Mixed Reality refers to space in between them. In contrast, AR refers to a space closest to the real environment, and VR refers to the space on the other side. AR and VR applications spanned many areas like education, medicine, tourism, entertainment, and marketing [9,10]. In the world of technology, VR is more common and similar to AR technology. VR is the user’s transition to reality completely different from the reality in front of him, and the visual field becomes virtual reality only. Furthermore, AR technology uses the real world surrounding the user and adds to it (enhances it) with images or texts according to the application used [11,12].



AR is a digital technology that enables users to interact with virtual objects using a number of techniques [13,14]. The primary aim of this study is to preserve human health from COVID-19 by maintaining social distancing using different and new techniques such as AR.




2. Related Works


From the beginning of the Corona pandemic to this time, few research studies related to augmented reality have appeared to meet the challenges related to COVID-19. Most of the research was about the medical field (e.g., [15,16,17]) in terms of employing AR in conducting surgeries, and the studies revolved around the educational area (e.g., [18,19,20]) in terms of improving the distance learning environment to deliver the information is clear to students.



This section reviews previous work on AR and COVID-19. Table 1 summarizes the AR systems with COVID-19 in different sectors, the most important of which are medical and educational. Each one of the studies aims to address the challenges of COVID-19. In the following overview of the related literature, some of these frameworks’ most important features are mentioned.



AR Tracking Techniques


In AR, a variety of tracking techniques are used. These techniques can be ultrasound, magnetic, immobile, automated, or vision based. Since these approaches consider extracting features from images to be enhanced, the outcomes of enhancement are more accurate when using vision-based procedures [21]. In AR, two kinds of tracks can be used:



Marker-less tracking, which entails looking at normal geometry or characteristics. The critical drawback of this approach is that it requires early offline calibration or consideration of participant experiences [22]. It has a high computational cost as well.



Marker-based tracking is an extremely powerful tool for increasing robustness while reducing computing requirements [22,23]. Markers can be easily inserted and removed from the real world [24]. The key drawback of this approach is that it demands continual upkeep [22].



HoloLens glasses are designed by Microsoft, which are smart glasses that contain several sensors to track the movement of the head, a deep-sensing camera to capture three-dimensional information, a graphics processing unit, sound sensors, and a CPU as all of these elements share one another to follow commands The user, whether it be gestures or voice [25]. Moreover, it can be utilized to calculate the distance between two hypothetical points with precision [26].



However, only a few software developers have taken advantage of HoloLens’ application development capabilities. The high cost of the HoloLens HMD unit compared to other AR techniques may be one explanation for this. Despite the high cost, many applications for modern industry have been produced [27]. Table 2 presents a summary of HoloLens in the literature review.



An important advantage of our approach is that there is no need to wear sensors, making this system easy to use and useful.
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Table 1. Summary of procedure and outcomes on AR system with COVID-19 in the relevant literature.
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	Paper
	Procedure
	Outcomes





	[28]
	Examined the effect of COVID-19-related social constraints on AR game players’ physical and mental health by a mixed methods web-based survey.
	During the COVID-19 lockout, there was a large rise in the use of video games, according to this report.



	[29]
	developed a simple mobile application that uses augmented reality to educate the urban and rural communities on the importance of basic infection prevention practices, especially hand washing instructions to prevent COVID-19 infection.
	The study found that the participant enjoyed the application and was able to follow the basic steps in it but needed more time to familiarize themselves with it.



	[16]
	With the help of AR, the authors of this paper addressed the case of a COVID-19-positive patient who underwent an emergency incision and drainage of an acute forearm collection.
	The patient’s health improved after surgery, and he had an uneventful recovery.



	[17]
	Aimed to enhance students’ scientific literacy by distance learning with AR-based multimedia during the COVID-19 pandemic. Descriptive quantitative analysis with a pre-test and post-test design was used in this study.
	AR has been shown to provide learning environments in which students can develop concept comprehension in a three-dimensional real-world setting.



	[15]
	To enhance student learning opportunities during COVID-19, this paper combined AR and telesurgery technologies and created a series of AR-enhanced virtual ward rounds using the Microsoft HoloLens device.
	Virtual reality remote surgery training sessions have been demonstrated to be successful.



	[18]
	In biology learning activities, augmented reality learning media has been used, and it can help with learning during the COVID-19 pandemic by using a technology acceptance model (TAM).
	Learning becomes more efficient and meaningful due to this progress and growth, which also promotes technological trends.



	[19]
	This research aims to improve e-learning teaching materials based on directed inquiry models with augmented reality in COVID-19 distance learning.
	In terms of the validation and readability tests, developing E-Learning as teaching materials was rated very highly.



	[20]
	It has created an augmented reality smartphone app that places a life-size model of a Drager Apollo anesthesia system in the user’s environment and instructs them on configuring the machine to function as a ventilator.
	This allows the user to practice setup procedures while maintaining the 3D spatial structure of the tasks without needing physical access to the computer.
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Table 2. Summary of Hololens in The Literature Review.
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	Paper
	Description





	[29]
	A finger-worn camera was combined with the HoloLens to provide magnification for those with limited vision.



	[30]
	With the help of MR technology, HoloLens has advanced 2D graphics into 3D immersive visuals in the medical field.



	[31,32]
	In surgical surgeries, a similar modification was made to help with visual precision.



	[33]
	In pathology, this paper has examined the HoloLens for clinical and non-clinical applications.



	[34]
	This study provides how to add much higher resolution 3D data to a HoloLens headset in a simple way by attaching another RGBD camera to it.



	[35]
	HoloLens has been used for medical use to visualize organs before surgery.



	[36]
	HoloLens has been used for teaching dental students.



	[37]
	The head position provided by the AR headset (Hololens) was employed to calculate the spatiotemporal gait parameters of children with cerebral palsy.



	[38]
	Microsoft HoloLens has been used to further anatomy learning by providing precise 3D facial imaging.



	[26]
	The impact of social distance on posture and embodiment in the interaction of the human factor in AR using Hololens to measure the distance in meters was studied in this paper.










3. Method


This research aims to design and application of socially friendly AR systems to restrict the spread of COVID-19. We try to forecast the future of this area of research, concentrating on the challenges of socially supportive AR schemes for maintaining social distance during COVID-19, and identify a few research avenues that we feel will lead advancement this sector.



A total of 100 in 7th-grade kids between the ages of 12 and 13 from two different public schools made up the study’s sample. There they never tried using augmented reality before.



The role of the children was only to stand on points on the ground with a known distance between these points in front of the system’s camera, then read the distance from the system and compare it with the known distance between the two points, and repeat it with two other children, and so on. Then the average values were calculated. The children were a mixture of males and females.



3.1. System Description


This part covers the new AR system and components of tracking.



Augmented Reality: AR is an excellent interface method for teaching children how to maintain social distance [39,40]. In our system, augmented reality works to find the distance between two children or a group of children and draw a horizontal line, the system will issue a gentle alert sound between the two children or a group of children if the safe distance between them is reduced from the predefined distance.




3.2. System Requirements


This part explains the system requirements, the system equations, and definition; in addition to that, system architecture and the implementation of our new augmented reality technology. When all the system’s hardware and software specifications are met, the system runs efficiently. The following hardware and software resources were needed for building the new system.



Hardware: In this system part, we use the Kinect developed by Microsoft, an input device for the motion sensor. It is compatible with various platforms, consisting of Windows, Xbox One, and Xbox 360 [41]. Kinect detects human movements and gestures and allows users to interact with games without using a joystick or software systems. For our new setup, we used Kinect for Xbox One. Kinect resembles a webcam with a straight bar and comprises three key components: a multi-array microphone, a depth sensor, and a RGB camera. Table 3 lists its features and specifications. The sensor captures 3D motion, recognizes faces, and recognizes voices. Kinect version 1 refers to Kinect for Xbox 360 and Kinect for Windows version 1, while Kinect version 2 refers to Kinect for Xbox One and Kinect for Windows version 2.



System Software part: Unity was used to construct the AR game for the system. Unity is a multi-platform application that was initially designed for game development but is now used in various fields, including training, children’s apps, art, engineering, knowledge management, marketing, physical facilities, medical, entertainment, education, military applications, simulations, and several more. Behind the scenes, Unity handles a lot of the issues of building games and other immersive experiences. As a result, people can focus on creating and developing their games. More advanced users can communicate with and adjust these aspects as required, but less advanced users don’t have to worry about it. Unity games are created in two steps. The first entails using the Unity editor, while the second entails using code, specifically C#. Unity comes with Visual Studio 2015 Community or MonoDevelop, which grants you to write C# code. The tracking component of the app was built in C# and created using Visual Studio 2015. C# is an object-oriented language with rich declarative, generic, functional, and imperative instructions, making it a multi-paradigm programming language [42].




3.3. System Measurement Distance Techniques


The calculation distance method was focused on joint coordinate positions (X, Y, Z), which is dependent on the idea of every joint being defined as a three-dimensional point. Self-written software was used, which relied on 3D space equations. In this section of the study, we describe how we built a way to inspire children to adhere to social distance by measuring the distance between a child using this system and anyone approaching it.



Our system consists of three stages in maintaining social distancing that invests in the fact that Microsoft Kinect can represent children’s joints in coordinates. We process these coordinates using well-known mathematical equations that explain later and were programmed into the system. Next, if the calculated distances are less than a certain measurement (specified previously), then AR creates a virtual object simple line with a gentle sound to alert the child or teacher to maintain social distancing.



Most studies found that the safe social distance is 1.6–3.0 m after considering the aerosol transmission of exhaled big droplets during the conversation [43,44,45]. Figure 2 shows how well Microsoft Kinect can represent human joints by 3D coordinates.



Our method uses AR to create a child-friendly tracking world. A camera is used in our methodology, and users’ path is analyzed using joint coordinate positions (X, Y, Z). Furthermore, the new method does not utilize wearable hardware sensors or indicators since the system is broadly applicable and convenient due to the unavailability of such a device. Our goal is to enable kids to interact freely with the AR system’s computer graphics. Additionally, the new system is low-cost and portable, and no sensors must be affixed to the body.




3.4. System Equations


In our innovative approach, 3D motion patterns are captured using Kinect; using the concept of expressing each joint as a three-dimensional point, the positions of human joints are depicted in Figure 3   P 1  ,   P 2  , and   P 3  :



    P 1  =  (  X 1  ,  Y 1  ,  Z 1  )    



    P 2  =  (  X 2  ,  Y 2  ,  Z 2  )    



    P 3  =  (  X 3  ,  Y 3  ,  Z 3  )    



For a given joint, the gab (D) between an old position   P 1   and a new position   P 2   is defined in the following manner:


     D =       X 2  −  X 1    2  −     Y 2  −  Y 1    2    −   Z 2    − Z  1    2        












3.5. System Implementation


A marker-less AR technique was applied in the new method, indicating no extraneous ambient markers [46]. The AR component was built on the Unity platform. The new method used a Kinect to measure the distance between the user and the people close to him based on joint coordinates (X, Y, Z). 3D movement patterns were captured with Kinect, with each joint depicted as a three-dimensional point. Visual Studio 2015 was used to create the tracking application, which was written in C#.




3.6. Procedure


The steps for conducting the experiment are as follows:




	
Seven different distances have been identified on the floor (20 cm, 50 cm, 80 cm, 120 cm, 150 cm, 180 cm, and 250 cm).



	
We asked two children to stand on these identified points (the distance between them is known).



	
We compared the distance determined by the system with the known distance.



	
We repeated the experiment with other children and calculated the average, and the results are shown in Table 4.









3.7. The Calculation Distance Method Validation


Kinect’s accuracy has been verified and validated in numerous articles [47,48]. They discovered that the accuracy of Kinect V2 landmark movements ranged from moderate to excellent depending on the movement dimension, landmark position, and task completed. Consequently, the Kinect V2 has the potential to be used as a reliable and accurate clinical assessment tool. Because the measurements are valid, we used them to calculate joint distance in our system by employing ordinary equations and considering past research findings on the utilization of Kinect V2. As a result, we compared our measures to the conventional image-based and real-measurement-based approach (e.g., [49]) and discovered that the absolute accuracy was outstanding.





4. Result


When we compared the results of the application with manual measurement, the results were very accurate, and the accuracy increased when placing the cameras at the required dimensions, as shown in Table 4.



We note the accuracy of this system compared to manual measurement, and in case there is any slight difference, because the system measures the distance from the child’s joint (Neck) to the other child’s joint (Neck), while we measure the distance from the child and the other child from his skin to the skin of the other child.



We note here in Figure 4 that the accuracy reached the maximum value at a distance of 180 cm, and the accuracy, in general, is high accuracy, both at small and big distances, and this system can be relied on in calculating the distances between people.



Discussion


While Sutherland created the first AR interface in the 1960s [13,50], AR is still in its early stages of growth, so the potential for future applications is limitless [51,52]. However, the progress done thus far in AR research is encouraging, and it has potential in various educational settings [53].



During our COVID-19 investigation into state-of-the-art AR systems for maintaining social distance, we discovered several trends that we believe will allow AR to find better and respond to user behavior. As identified in our analysis of the literature, for an AR system to be effective and produce a decent result, it must instill personal behavior in a large number of users. Therefore, it is clear that AR is widely available and can be accessed by individuals. As AR for COVID-19 is ready to be used in homes or various long-term educational and healthcare environments, commercially available AR platforms can assess, enhance, and implement these advanced AR systems much more accessible. Furthermore, as the quantity of smartphones grows, so do their features and capabilities [54,55,56]. This pattern is expected to continue consumption while also making AR technology easier to develop and access.



In our literature review, we also noted that most AR studies for COVID-19 had a tiny number of participants and a short research term. In the future, we expect research to be performed on more total numbers of users and over more extended periods. In addition, the social distancing policy under COVID-19 aims to develop skills in communication, behaviors, and social interaction [5].



The employment of augmented reality systems increases the accuracy and speed of monitoring, as a tracking system and a warning system have been designed when the safe distance between children is exceeded in closed areas and classrooms. In addition to the success in achieving this system to measure the distance between individuals, especially children in schools, to protect children from diseases and respiratory diseases in particular, the new system can be used in many medicals and security fields, such as airports because it monitors several people at the same time (six people).



It is also characterized by its low cost, ease of use, and speed of response, and now work is underway to visit and integrate several cameras to monitor more people.





5. Conclusions


Social distancing is one of the most important ways to prevent the spreading of diseases, especially that related to the respiratory system. In the traditional system, the naked eye and interfere observation was used with the estimation of distance on the observer only; This causes a miscalculation in some cases. In contrast, in this study, social distancing is automatically calculated quickly and accurately. Moreover, the system does not need to wear any sensor, which makes it usable, friendly, easy, and relatively inexpensive.



In this study, a computer application was designed to monitor social distancing in closed areas, especially in schools and kindergartens. It an easy-to-use, real-time, effective, and unobtrusive technique for children. In addition to that, the system used augmented reality to help to determine the location of the violation of social distancing. The results of this study were accurate, as the achieved accuracy is about 98.5% accurate measurement compared with the unreliable distance estimation in traditional measurement method, which constitutes this system. A promising way to protect users by alarming to keep a safe distance to stop of spreading respiratory diseases in the future.
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Figure 1. Reality-Virtuality continuum. 
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Figure 2. The names are assigned to human joints using the Microsoft Kinect. 
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Figure 3. Three coordinates. 
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Figure 4. The relationship between the distance between children and the accuracy of the system. 
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Table 3. Kinect V2 basic characteristics [41].
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	Characteristic
	Value (Range)





	Color camera
	1920 × 1080 @30fps



	Depth camera
	512 × 424



	Depth distance
	500 mm∼8000 mm



	Horizontal field of view
	70 degrees



	Vertical field of view
	60 degrees



	Full skeletons tracked
	6



	Skeleton joints defined
	25 joints per player
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Table 4. The results showed the accuracy of the system compared to the manual measurement.
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	The Distance Manual Measurement (cm)
	The Distance Application Measurement (cm)
	Accuracy %





	20
	18.80
	0.940



	50
	49.10
	0.982



	80
	78.80
	0.985



	120
	118.53
	0.988



	150
	149.61
	0997



	180
	179.22
	0.995



	250
	246.90
	0.988
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