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COVID-19 확산 방지를 한 시맨틱 진단  추 시스템
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요 약

본 논문은 도시에서의 COVID-19 바이러스 확산을 막기 해, 한민국 서울의 감염 상황에 한 클러스

터 분석을 통한 링크드 데이터 기반 시맨틱 진단  추  시스템을 제안한다. 본 논문은 크게 3개의 섹션으로 

구성되어 있는데, 클러스터 분석을 해 서울의 감염자 정보를 수집하고, 요한 감염 환자 속성을 추출하여 

랜덤 포 스트를 기반으로 한 진단 모델을 구축하고, 그리고 링크드 데이터를 기반으로 한 추  시스템을 설

계하고 구 한다. 실험 결과 진단 모델의 정확도가 80% 이상으로 나타났으며, 더군다나 본 논문에서 제안한 

추  시스템은 기존 시스템들보다 더 유연하고 개방 이며 시맨틱 쿼리도 지원한다.

ABSTRACT

In order to prevent the further spread of the COVID-19 virus in big cities, this paper proposes a semantic diagnosis 

and tracking system based on Linked Data through the cluster analysis of the infection situation in Seoul, South Korea. 

This paper is mainly composed of three sections, information of infected people in Seoul is collected for the cluster 

analysis, important infected patient attributes are extracted to establish a diagnostic model based on random forest, and 

a tracking system based on Linked Data is designed and implemented. Experimental results show that the accuracy of 

our diagnostic model is more than 80%. Moreover, our tracking system is more flexible and open than existing systems 

and supports semantic queries. 
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Ⅰ. Introduction

According to World Health Organization, corona 

virus disease 19 (COVID-19) is an infectious 

disease caused by a newly discovered coronavirus 

[1]. COVID-19 is affecting over 210 countries and 

territories around the world. As of April 2020, more 

than 2,407,211 people have been diagnosed. The 

death toll is more than 165,046 and the number is 

growing rapidly [2]. In the midst of a global 

pandemic, big data such as Linked Data are 

showing an outstanding capability to analyze 
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complex interactions among groups of people and 

location. Through the work such as sharing and 

analyzing available Linked Data in the world, a 

cure for COVID-19 will be discovered. Efficient use 

of the large-scale Linked Data could find to a way 

to divine how the virus is spreading and how the 

number of infections can be reduced. 

In the absence of specific medicine, it is critical 

to pre-diagnosis and track susceptible population in 

crowded big cities. This paper proposes a semantic 

diagnosis and tracking system to prevent the spread 

of the disease. First, local suspected cases 

information is collected and a cluster analysis is 

performed to find the characteristic properties of the 

data. Then, a random forest model is established for 

the diagnosis of suspected patients based on 

clustering results. Lastly, a tracking system based 

on Linked Data is designed and implemented. Health 

researchers can use this system to track the spread 

of COVID-19, it includes access to and combining 

multiple data sets, including personal information, 

geo-location and travel history data. Diagnosed 

personal information includes sex, age, confirmed 

date and home address. Through clustering, we 

found that these four feature values can separate 

most infected and uninfected patients. The 

experimental results demonstrate that the accuracy 

of our proposed diagnosis model is greater than 

80%. Recently, semantic-based systems have been 

widely developed [3-5]. The semantic-based system 

can not only provide a more human-like retrieval 

habit but also be more flexible and open. Taking 

these advantages into account, our system adopt 

RDF (Resource Description Framework) data as 

exchange data.

The remainder of this paper is organized as 

follows. Section Ⅱ describes related work. Section 

Ⅲ introduces cluster analysis results for infected 

people. Section Ⅳ describes a diagnosis and 

tracking system. Section Ⅴ summarizes and 

concludes our paper.

Ⅱ. Related Work

2.1 Compression methods

In the early 21st century, the naive Bayesian 

classifier, neural networks and decision trees for 

medical diagnosis was proposed [6]. All that must 

be done is to input the patient records with known 

correct diagnosis into a computer program to run a 

learning algorithm. With the improvement of 

computing power and optimization of algorithm, 

artificial intelligence and big data analysis play an 

important role in the modern medical diagnosis field 

[7–10]. Furthermore, a key to success in learning 

from big health care data is to gain actionable 

insights into the best ways to treat the patients in 

the care system that generated the data [11]. In 

other words, there must be an internal connection 

between the patient's physiological information and 

the diagnosis. In this paper, age, sex, confirmed 

date and home address are utilized to establish an 

internal relationship with the probability of 

diagnosis.

In recent years, the machine learning has been 

extensively used in the clinical diagnosis and 

prevention of infectious diseases. For instance, a 

user-friendly decision tree was developed to predict 

which organisms are ESBL producing, to guide 

appropriate antibiotic therapy [12]. Advanced 

artificial intelligence and simulation methods are 

adopted to track infectious disease spread for global 

pandemic containment [13]. Human populations are 

highly concentrated according to their attributes. 

Preliminary modeling indicates that 5 to 19 year 

olds are expected to suffer the highest incidence 

during the initial epidemic phase of an emerging 

infection because this group of people is mainly 

students, social contact is single and shows a high 

degree of group gathering [14]. It provides a basis 

for our data clustering analysis. Therefore, social 

contact and mixing patterns are highly correlated 

with the spread of infectious diseases. Compared to 
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individuals, public health surveillance is very 

important in disease control efforts. However, public 

data missing is a considerable challenge. In paper 

[15], the authors propose a novel method called 

spatio-temporal imputation via kernel-based 

learning (STI-KL). Specifically, the missing data 

are inferred by determining the location-specific 

correlations of dynamically changing disease-related 

risk factors. Compared with this approach, we 

prefer to establish Linked Data to reduce the 

possibility of data missing. Not only the data 

integrity was guaranteed, but the data can be 

arbitrarily combined to produce a new value. Our 

tracking system is based on Linked Data.

 Similar to general healthcare systems [16, 17], 

our system mainly provides the diagnosis and 

tracking service. Compare to existing systems, our 

focus is the diagnosis accuracy, system openness 

and protection of personal privacy.

Ⅲ. Clustering Analysis  

Figure 1 shows a clustering analysis of sex and 

age by k-means, GMM(Gaussian Mixed Model) and 

agglomerative clustering. Clustering results show 

that the infected population was concentrated in 

middle-aged males. This feature is in line with the 

characteristics of large cities. The middle-aged in 

big cities outnumber the young and the elderly, 

most of whom are working people. In other words, 

middle-aged male are a vulnerable group for 

COVID-19. Therefore, based on the above situation, 

middle-aged people should reduce the gathering to 

avoid the further spread of the virus.

Figure 2 shows a clustering analysis for 

diagnosis date and age. According to the clustering 

results, the outbreak time period is focused on 

working days, such as March 8th to 11th and 

January 27th to 29th. Given the path of the 

COVID-19, public transport will be the most 

affected. From the sample data, it is not difficult to 

find that the outbreak in Seoul in the early days 

was mainly concentrated on weekdays, office places 

and public transportation. However, the number of 

infected people did not increase significantly on 

weekends, which indicate that people have a certain 

awareness of protection and reduce the chance of 

infection outside. Therefore, combined with the 

above analysis, age, sex and infection date are 

important data features to infer whether infected. 

Our diagnostic model is not only based on the 

above three data features but also the home 

address which is an important attribute that we 

consider.

(a) GaussianMixture Clustering  

(b). Agglomerative Clustering  

   

(c).  K-means Clustering  

Fig. 1 Clustering analysis for sex and 

age
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(a). GaussianMixture Clustering  

(b). Agglomerative Clustering  

(c). K-means Clustering  

Fig. 2 Clustering Analysis for Date and Age

Ⅳ. Diagnosis and Tracking System

Figure 3 shows our diagnosis and tracking 

system. The system is mainly divided into 

diagnosis and tracking, in which our diagnosis 

model is based on random forest, and the tracing 

system adopt RDF  as exchange data.

Fig. 3 Diagnosis and tracking system

4.1 Diagnosis Model based on Random Forest

The diagnostic model is based on data from the 

KCDC (Korean Centers for Disease Control & 

Prevention) and ISU (I SEOUL U). The diagnostic 

model can be dynamically updated based on the 

previous confirmed cases. Diagnostic models can be 

utilized to pre-diagnose and label new suspected 

cases. Moreover, there are several advantages for 

choosing random forest as the diagnostic model.

Our data is multidimensional and different data 

features are interrelated.

It can determine the importance of different 

features.

The interaction between different features can 

be judged and the over-fitting phenomenon is 

not easy to occur.

It's easy to implement and adopted to balances 

errors for unbalanced data sets.

In view of these advantages, random forest is 

the best choice as a diagnostic model. The results 

of the experiment proved that the diagnostic 

accuracy of suspected patients could reach 80%. 

Figure 4 shows the accuracy of diagnostic model. 

The verification method is to randomly select the 

tracking data for five days.
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Fig. 4 Diagnostic model accuracy

4.2 Tracking based on Linked Data

In order to ensure the openness and fusion of 

the system, we adopt RDF data as the exchange 

data between suspected people, diagnosis model and 

Fuseki storage platform. Figure 5 shows tracking 

information based on RDF data. The server can 

collect information about suspected cases in real 

time and label them by utilizing a diagnostic model. 

The TDB (Triples Database) is utilized to store 

tracking information. To ensure personal privacy, 

the tracking information is defined to include ID, 

date of birth, gender and address.

            

Fig. 5 Tracking Information based on RDF Data

Ⅴ. Conclusions

In this paper, we infer the challenges faced by 

large cities to the spread of the COVID-19 virus 

by cluster analysis of suspected cases in Seoul, 

South Korea. At the same time, we found that the 

suspected population's gender, age, home address, 

and the date of diagnosis were important data 

features to determine whether or not the person 

was infected. Through the analysis of the above 

data features, we decided to adopt random forest as 

the diagnostic model. The experimental results 

show that the diagnostic accuracy is more than 

80%. In order to prevent the further spread of the 

virus, this paper proposes a tracking system based 

on Linked Data. The tracking system tracks 

people's risk of infection in real time. It maximizes 

people's ability to prevent the spread of the virus 

without exposing their privacy.
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