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Since we have no vaccine and no effective therapy 
against the COVID-19, we have one and only one policy 
based on isolating-all-at-risk strategy [1]. The purpose of 
this manuscript is to apply the best digital fence to UAE. 
The success of a digital fence in Taiwan was brought by 
bold political decisions for border control, case identifica-
tion, containment, and resource allocation, respectively 
[2]. The basis for such political decisions was technical 
aspects such as massive testing results, mathematical 
models of infectious diseases, and information sharing 
using digital technology [2]. Isolation surveillance is 
called digital fence where smartphones can be used for 
providing the location of suspected patients or patients in 
real time. As much as possible, we should maximize the 
digital surveillance coverage. The best isolation surveil-
lance using coronavirus Apps is implemented by Taiwan 
with more than 99% of coverage which is a key to the suc-
cess [3]. Taiwan is tracking 55,000 people under a manda-
tory 14-day home quarantine in real time [3]. The conse-
quence of Taiwan policy shows only 7 deaths due to the 
COVID-19 as of December 29 in 2020 with a population 
of 23.8 million [4]. UAE does not use mandatory corona-
virus Apps [1]. In other words, the UAE policy is based 
on voluntary coronavirus Apps so that digital fence of 
UAE is leaky.

Many nations implement the similar digital isolation 
surveillance but their coverage is much smaller than that 
of Taiwan. UAE with a population of 9.95 million has 662 
deaths due to the COVID-19 as of December 30 in 2020 
[4]. UAE is composed of 7 independent city-states so that 
sharing the isolation surveillance data between them 
plays a key role in mitigating the pandemic.

In this manuscript, the state-of-the-art artificial intel-
ligence algorithm is used for predicting the number of 
deaths in the near future. The algorithm is based on curve 
fitting with a variety of degree polynomials. In regression 
analysis, curve fitting is the process of specifying the mod-
el that provides the best fit to the specific curves in a giv-
en dataset. Figure 1 shows that the small resurgence can 
be observed in the number of daily deaths in UAE where 
X-axis indicates the xth day from January 22 in 2020 and 
Y-axis the number of daily deaths due to the COVID-19. 
In Figure 1, black line indicates the number of daily 
deaths, while blue line based on the 10th degree polyno-
mial shows the predicted result using a dataset of the last 
265 days from December 28 in 2020 for curve-fitting ma-
chine learning, redline based on the 5th degree polyno-
mial changing the dataset size from 120 to 265 days from 
December 28 in 2020. The new_deaths.csv file data was 
downloaded [4] and used for curve-fitting machine learn-
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ing. The curve-fitting program, animedaily.py is available 
at the github site [5].

Based on the result, the data size and the degree size of 
polynomial can produce a variety of predictions. The less 
data, the recent trends will be emphasized in the predicted 
graph as shown in Figure 1. Policymakers can observe a 
variety of predicted behaviors in order to control the pan-
demic whether they should strengthen their policy or not.

Discussion

The starting point of the technical side of digital fence 
in Taiwan is based on massive testing. The essence of dig-
ital fence lies in grasping the whole features of the pan-
demic using massive testing, which becomes the input 
value of the mathematical model of infectious disease and 
to share it digitally and use it as a material for policy judg-
ment. Although the very poor detection accuracy of PCR 
is an undeniable fact [6], the effectiveness of PCR testing 
with massive testing has been pointed out [7–10].

Kuniya and Inaba examined the effectiveness of sup-
pressing the epidemic of massive testing by using a math-
ematical model to examine the effectiveness of isolation 
policies through routine testing and confirmed the effec-
tiveness of massive testing regardless of the epidemic 
scale [11].

Rationale

The rationale for the proposed mathematical model of 
infectious diseases is addressed. There was no way to de-
scribe the dynamics of infection during the Spanish influ-
enza epidemic 100 years ago, in terms of controlling a 
nonchemical outbreak during the early stages of the epi-
demic, when vaccines were not developed. Then, the SIR 
model was introduced with a differential equation de-
scribing a single outbreak in an artificial [12]. The differ-
ential equations have been extensively improved by Diek-
mann et al. [13]. There is an example of monitoring using 
the differential equation system like Hamzah et al. [14] in 
COVID-19 at present time.

However, there is criticism that if the infectious disease 
estimation by the differential equation method is per-
formed with fixed parameters, the infection of a certain 
population is calculated before the natural convergence 
of the infection. In other words, in infectious diseases 
where the mortality rate cannot be ignored, people do not 
take infection-avoidance actions, and the transmission 
coefficient, which includes the social variable of contact 
frequency, changes over time and cannot be a fixed pa-
rameter. Host populations are not uniformly mixed, and 
the size of the population involved in the infection pro-
cess itself may vary with policy intervention effects and 
avoidance behavior.
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Fig. 1. The number of daily deaths due to 
COVID-19 in UAE as of January 26, 2021. 
In the graph, black line: the number of dai-
ly deaths, blue line: predicted curve using 
300 days based on 10th degree polynomial 
curve fitting, redline changing the number 
of days from 100 to 300 days from January 
26, 2021, based on 5th degree polynomial 
curve fitting (gif animation file is at: https://
github.com/ytakefuji/uae/blob/main/uae.
gif).
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On the other hand, some mathematical models of infec-
tious diseases take a statistical approach to estimate quan-
titative profiles from infection status data, as adopted by 
the proposed study. Although this mathematical statistical 
method is not necessarily able to understand the phenom-
ena of infectious diseases like the differential equation 
method, its evaluation has been established as a methodol-
ogy which sufficiently supplements the criticism toward 
the differential equation method. It should be emphasized 
in advance that understanding of the phenomena of infec-
tious diseases is not underestimated, but for monitoring 
constituting digital fence, it is possible to express a realistic 
infection situation by a mathematical statistical method.

Conclusion

This manuscript clarifies that there are two types of 
mathematical models for infectious diseases, the differen-
tial equation method and the mathematical statistical 

method. This study not only discussed the problems and 
the direction of the solution on the technical side as a key 
of the introduction of Digital fence but also showed the 
concrete result on the infectious disease mathematical 
model. In this research, this paper presented bold politi-
cal judgments for border control, case identification, con-
tainment, and resource allocation, which constitute the 
digital fence, and the supporting technical aspects such as 
massive testing, a mathematical model of infectious dis-
eases, and information sharing by digital technology.
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