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Summary:

Introduction/purpose: To monitor the COVID-19 epidemic in every single
country in the world, this team has developed a specific system that
consists of the following diagrams and mathematical models: a)
epidemiological curve, b) histogram of infected people, c¢) histogram of
infected people in last five days, d) double logarithmic curve for monitoring
the speed of the epidemic, e) epidemic pipeline and f) Gaussian and
Boltzmann S curves. As it is shown in this paper, monitoring an epidemic
is like flying a plane using instruments.

Methods: The most complex model is the calculation of the truncated
Gaussian curve, and this model will be discussed in more detail in this
paper. Also, there is time coincidence between the Gaussian curve and
the S-curve. The input data were found in the World Health Organization's
daily reports. The full set of data consists of the Gaussian curve, the
double logarithmic curve, and the epidemic curve. In some cases, using
only one of the three specified parameters is not enough.

Results: To prove a specified methodology, the paper has dozens of
results in the form of diagrams.

Conclusion: The Gaussian curve was formed, and the end of the epidemic
was calculated. But, in some cases, the epidemic curve was not well-
formed (the end of the epidemic is not clear since many countries did not
declare the number of recovered people in a proper way). This is the
reason why we must include a flow of the double logarithmic curve into
consideration. Only a combination of these three diagrams can give the
right insight into the right decision.
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Introduction

This paper aims to describe a set of mathematical models for
decision making about critical decisions in the epidemic. Besides medical
decisions, the economic impact on each country, state, and territory is
also very important. How long to close some industries, what will be the
impact on jobs, and dismissal of workers are the key ones. This team has
developed software for monitoring all specified data daily for the top 50

countries. (Kocovic et al, 2020)

The main curve is epidemiological (EpiCurve). The epidemiological
curve can be shown with the following formula:

Still infected = totally infected — death — recovered

(1)
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Figure 1 — EpiCurves a) Austria, b) World, c¢) Serbia, and d) China
Puc. 1 - 3nudemuonozuyeckas kpusasi a) Aecmpus, 6) mup, 8) Cepbusi u 2) Kumat
Cnuka 1 — Enudemuornowka kpusa: a) Aycmpuja, 6) ceem, 8) Cpbuja u ) KuHa
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Figure 1 is showing the EpiCurves for three territories and the whole
world. The epidemiological curves are related to single countries.

The meanings of the symbols in the figures are:

- #Cases — the total number of the infected from the beginning of the
epidemic in a particular country

- #Recovered — the number of people recovered from the beginning
of the epidemic in a particular country

- #Recovering — the number of people calculated from formula (1)

As we can see in Figure 1, the curve(s) of the #Recovering is(are)
the EpiCurve. In the cases of 1a) Austria and 1d) China, the curves are
closed. In two other examples, the curves are in the phase of the initial
(1b) World) or the middle phase (1c). All four examples show that
#Cases follow the shape of the letter “S” and have the name of the S (or
Sigmoid) curve.

These curves are real, so we cannot make any forecasts from these
curves. Instead, mathematical modeling and forecasting techniques are
used in these calculations.

Histograms and 5-day histograms

The curves denoted as #Recovering look like Gaussian curves. But
there is one exception between the uses of a Gaussian distribution when
a full curve is formed. In epidemic modeling, there are new data on the
infected every day. For these purposes, histograms and 5-day
histograms have been developed (Mann, 1994).

Histograms represent the number of infected per day’. Even if they
do not look like a Gaussian distribution, in many cases we can fit them
within the Gaussian curve. Figure 2 shows two examples of the
histograms for COVID-19 cases.

In Figure 2a), the case of Brazil shows that a Gaussian distribution is
not visible. The same situation is in Figure 2b).

Also, a short 5-day histogram can represent good or bad trends.
Good trends are when the number of the infected decreases in five
consecutive days and bad trends are the opposite — when in five
consecutive days the number of the infected grows. Figure 3 shows two
examples — Germany and Japan.

Most of the 5-day trends show intermediate results. Notice that if
there is just one day with a very high number of the infected— this will
prolong the recovery period.

' Data about COVID-19 can be found in the separate reports on the web site of the World
Health Oranization (World Health Organzation, 2020).
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Figure 2 — Histograms a) Brazil, b) Bulgaria
Puc. 2 — 'ucmoepamma a) bpasunusi, 6) boneapusi
Cnuka 2 — Xucmoepam: a) bpasus, 6) byzapcka

This 5-day trend represents a very good visual form for simplifying
the monitoring of the epidemic. In the period of the epidemic growth,
there are more red bars.

The histograms are basic tools for Gaussian and Sigmoid/S-curves.
However, significant assumptions were made for both of them.
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Figure 3 — Five-day trends- a) good — Japan, and b) bad — Germany. Both of them are in
the period May 5 — May 9, 2020
Puc. 3 — lNamudHesHbIl mpeHd — a) nonoxumesibHbIl — 5inoHus u 6) ompuyamernsHbIl —
Fepmarus. Oba mpeHda 3a nepuod ¢ 5 no 9 mas 2020 2o0a.
Cnuka 3 — [NlemodHesHU mpeHd: a) dobap — JanaH u 6) now — Hemauyka. Oba mpeHda
0o0Hoce ce Ha nepuod 5-9. maj 2020. 2o0uHe

427

Kocovi¢, P. et al, Monitoring COVID-19 is like instrument flying, pp.424-437




i" VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

Gaussian distribution

For defining Gaussian curves (Gauss, 1809), (Stahl, 2006), the
standard Laplace-Gauss formula is used (2) with a few modifications
(Laplace, 1774):

1( x—u z

f(x)= L ez("J ()

oN2r

For calculating this curve, the standard error was used. The
maximum number of iterations is 1,000 for these calculations.

The infections start outgrowing exponentially at first, then whatever
response the host country enacts, after some time, new infections go
back to near zero. At least this is the back-of-the-envelope theory,
developed by Enrico Fermi®. There are undoubtedly better models, but
the Gaussian model was used as the first shot in this mathematical
model.

The Gaussian model is defined by only three parameters: N, y, and
o, and looks like this:

- N is the infection rate at its peak, the midpoint of the epidemic.

- M is the date of the peak infection rate, and

- 0 controls the width, the period of time the pandemic is
experienced by the country.

Figure 4 shows the statements given above:
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Figure 4 — The Normal, or the Gaussian curve
Puc. 4 — Kpusasi HopmanbHo20 pacrnipedeneHus aycca
Cnuka 4 — HopmanHa unu aycoea kpusa

% The term Back of the envelope calculation is a rough calculation. It is more than a
guess, but less than a mathematical proof.
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Using the model

The alternative names for the Gaussian distribution are 6 SIGMA or
LEAN 6 SIGMA. However, the model was extended adding two extra
periods. Instead of 6SIGMA, 8 SIGMA model was used, Figure 5.
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Figure 5 — Gaussian distribution extended to 8 SIGMA
Puc. 5 — Kpusas pacnpedenerus aycca pacwupeHa 3a 8 CUTM
Cnuka 5 — laycosa pacnodena npowupeHa Ha 8 CUMTMA

Why is an extension to eight periods important? Because the
intersections between the Gaussian curve and the vertical lines that
present SIGMAs are the places for decision making. Figure 6 represents
this scenario (Ko€ovi¢, 2020).

For calculating the Gaussian curve and the Sigmoid (S) curve,
programming language Python was used. Figure 7 shows the examples
for the following countries: Austria, Peru, Hungary, and Serbia.

A mathematical model can calculate the whole distribution if
histograms are covered with more than 50% of the data. The algorithm
calculates distribution if the minimum 3 SIGMA conditions are fulfilled,
and there are no extreme peaks in one day. Otherwise, the Gaussian
curve cannot be formed.
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Srbija 23. april 2020

Figure 6 — Truncated Gaussian curve for Serbia, on April 23, 2020. At that time, the
forecasted end of the epidemic was May 24, 2020. The dots represent the dates when
critical decisions should be made.

Puc. 6 — YcedyeHHas kpusasi [[aycca, omHocswasics k Cepbuu, Ha 23 anpens 2020 2oda.
Mo npoeHo3y, npou3sedeHHOMY 8 mom OeHb, anudemusi 0omkHa bbiia ocmaHosumcs 24
masi 2020 eoda. Touykamu 0603HavyeHbl 0ambl, kKoeda Q0/KHbI 6binu 6bimb MPUHSMbI
Kpumu4ecKue peweHus.

Cnuka 6 — [JenumuyHa aycosa kpusa 3a Cpbujy Ha daH 23. anpuna 2020, kada je
npedsuheHo da he 3HasuyHU Kpaj enudemuje y Cpbuju bumu 24. maja 2020. eo0uHe.
Tauke npedcmaerbajy daHe kada je mpebano 0oHemu Kpumu4yHe o0r1yKe.

Figure 7 represents four different countries with four different
histograms and Gaussian curves. Given N and o, the total area under
the model curve is:

Total Area = Nov 27 (3)

Here are the results for Serbia for May 10, 2020.
Total cases until that day, 10114.0

Model Cases (model total area), 10374

Accuracy of the Gaussian model, 103%

Area fraction - Serbia is about 97% into COVID-19
The forecasted day of the 70 is May 26, 2020.

As it is shown, the model can predict, mathematically, the end of the
epidemic. But, one thing is mathematics, another is real life.
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Figure 7 — Gaussian curve used for predicting the end of the epidemic per country: a)
Austria, b) Peru, c) Hungary, and d) Serbia
Puc. 7 — Kpusas Naycca, omHocsawasics K KoHuy anudemuu o 2ocydapcmeam: a)
Ascmpus, 6) lMepy, 8) BeHepus u 2) Cepbus
Cnuka 7 — laycoea Kpusa KopuwheHa 3a Kpaj enudemuje rno dpxxasama: a) Aycmpuja, 6)
lepy, 8) Mahapcka u d) Cpbuja

Link between the Gaussian curve and the Sigmoid Curve

As it was shown in Figure 1, the EpiCurve is real, but we always
need forecasts. To link mathematics with real life, the Sigmoid or S-curve
was used. On the other hand, the authors found a link between Gaussian
and Boltzmann or Sigmoid (S) curves (Reséndiz-Mufioz et al, 2017,
pp.1043-1047). In Figure 8, the link between the Gaussian curve and the
S-curve was shown.
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The reader can see that the starting points, the endpoints, and the
slope points are shown on the curves. The vertical line is the day of the
epidemic. Once again — compare #Cases in Figure 1, and the S-curve in
Figure 8.
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Figure 8 — COVID-19 Gaussian curve and S-curve for Sweden, on May 1 st 2020
Puc. 8 — Kpusas COVID-19 no modenu kpusot Naycca u C-kpusoli, omHocAawascs K
Lleeyuu Ha 1 masi 2020 eoda.

Cniuka 8 — Kpuse 3a COVID-19 o modeny aycose kpuse u C-kpuse 3a Lllsedcky, 1.
maja 2020. eo0uHe

Final Step — fine-tuning

The Gaussian curve can calculate the date of the end of the
epidemic with a probability of 99.9996%. This means that the chances
are ONE in a MILLION for citizens to become ill with COVID-19 after the
Gaussian distribution has ended. For Serbia — this number is 7
(sometimes this number will be 20, sometimes 0). For example, for
Mexico, this number is 129.

However, for better decision making, a double logarithmic curve
model was developed. Four examples are shown in Figure 9.

The x-axis contains the total number of the infected. On the y-axis,
there are the numbers of the infected in the last 7 days, for every day in
the epidemic. Both axes are in the logarithmic scale. The days are shown
in the trajectory, so this is the third dimension presented on the curve
(KoCovic, 1998).
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Why is this curve important?

Even in the case that the condition of 7SIGMA is fulfiled on the
Gaussian curve, on the double log curve it is not. Let us compare the
data for Serbia: Figure 7d for the Gaussian curve and Figure 9a for the
double logarithmic curve. In Figure 7d, it seems that the epidemic was
almost finished. In Figure 9a, we can see that this is not the case.
Therefore, the double logarithmic curve is used for fine-tuning.
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Figure 9 — Double logarithmic curve for a) Serbia, b) China, c) Croatia, and d) Italy, on

May 10, 2020

Puc. 9 — Kpusasi 8 dgoliHOM rio2apughmuyeckom macuimabe, omHocswasics K: a)

Cepbuu, 6) Kumaro, 8) Xopeamuu u 2) Umanuu, Ha 10 mas 2020 e.

Cnuka 9 — [Jeocmpyka nozapumamcka kpusa 3a: a) Cpbujy, 6) Kury, 8) Xpeamcky u d)

Vimanujy, 10. maja 2020. 200uHe

Conclusion

For this research, a model presented in (KoCovi¢ et al, 2020) was
developed. Further development of the epidemic/pandemic is going to
link the Gaussian curve with the economic development of the countries.
A smaller 8SIGMA means a shorter period of the epidemic, and
eventually a higher peak. This means that more medical staff will be
needed. If the curve is flattened — the duration will be longer and a
possible number of the infected and the dead will be smaller. Some
countries, such are United Kingdom (Flaxman et al, 2020), (Ferguson et
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al, 2020), USA (McKinsey & Company, 2020), and Sweden used this
model of free infection. But finally, they had to change their initial
decision.
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MOHWNTOPUHIr KOPOHABUPYCA COVID-19 NOOOBHO MNMONETY
CAMOIJIETA MO NMPNEOPAM

Memap B. Kouosu4®, 3opaH B. Koqosqu, Bniadumup M. Kovosuy®

@ YHusepeuteT YHUoH «Hukona Tecnay, ®akynbTeT MH(OPMALIMOHHBIX
TEXHOMOMM U NHXUHUPWHIa, 1. Benrpag, Pecnybnuka Cepbus,
KOPpPEeCnoHAEHT

5 OMHM Jlorvka, r. Benrpag, Pecny6nuka Cepbus

® IGT, r. benrpaa, Pecny6nuka Cepbusi

PYBPUKA TPHTW: 27.00.00 MATEMATUKA,;
27.43.17 MaTemaTnyeckasa CTaTMCTUKa,
27.43.51 MNpnMmeHeHne TEOPETUKO-BEPOATHOCTHBIX U
CTaTUCTUYECKMX METOA0B
BWO CTATbW: opurmHanbHasa HayyHas ctaTbs

Pe3some:

BeedeHue/uenb: [aHHasi KkomaHOa, 8 Uersix 3nudemMuosioeu4eckKoz20
MoHumopuHaa 3a COVID-19 e kaxdoli omdesibHOU cmpaHe Mupa,
paspabomana cneyuanbHyr cucmeMy, Komopass cocmoum U3
cnedyrowux OuaspamMM U Mamemamudeckux  modened: a)
anudemuorioaudeckas Kpusasi, 6) cucmozpamma 3apaxeHHbIx noded,
8) aucmozpamma 3apaxkeHHbIx frdel 3a nocnedHux nams OHel, 2)
Kpueasi 8 080UHOM silo2apugmudeckom macwmabe Orii MOHUMOPUHaa
cKopocmu pacnpocmpaHeHusi anudemuu, 0) 3nudemuonoaudecKoe
MHoe2onapamemposgoe HabndeHue u e) kpusbie [aycca u bonbumaHa
(C-kpuebie). B daHHOU cmambe 3rnudemuorioauqdeckuli MOHUMOPUHE
3a paszsumuem anudemuu rpedcmassieH no0obHo nonemy camorema
rno npubopam.

MemoOdbi: Hauborniee crioxHolU MOOesnblo A879emcsl 8bl4UC/IeHUe
yceqyeHHoU Kpueoli [aycca. B OaHHoOU ce53u Mmodenb [nodpobHo
npedcmaeneHa 6 asmou cmambe. Kpome moeo, cyuecmeyem
cosrnadeHue 80 spemeHU Mex0dy Kpusol [aycca u C-kpueol. [aHHbie
Obiu 835IMbI ¢ oghuyuanbHo20 calma BcemupHol opeaHusauyuu
30pasooxpaHeHusi. [lonHbili Habop OaHHbIX cocmoum u3 Kpugol
laycca, deoliHOU Kpueol 8 ro2apugpmuyeckom Mmacwmabe U
anudemuornoaudeckoli  Kpueol,  Komopbie  paccMampusaromcs

435

Kocovi¢, P. et al, Monitoring COVID-19 is like instrument flying, pp.424-437



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 3

napannenbHo. B 6onbwuHCcmMee cry4aes Ucrofib308aHUe MOSbKO
00HO020 U3 mpex yKa3aHHbIX Napamempos HedoCmamoyHo.

Pesynsmamel:  C  uenbto  Qokazamesnibcmea 0ocmogepHocmuU,
8blbpaHHol  memodosioeuu 8 cmambe rpusedeHbl  decsimb
pe3ynbmamos 8 gude duazpamm.

Bbigodbl: [lpu moyHOM ebiducrieHuu kpueol [aycca moxHo 6ydem
paccyumamb U KoHey, anudemuu. Ho 8 HeKOomopbIx Criydasix Kpusyto
laycca  eblyuCnIUMb  HEBO3MOXHO U 8  MmakoM  criydae
rnpodormkumesnbHocmbs  3rudemMuu  ocmaemcsi Heu3secmHol (KoHey,
anuéemMuu HeB03MOXHO C MOYHOCMbIO 8bI4UCIIUMb, MaK KaKk MHoaue
cmpaHbl  He onybnukosanu OO/MKHbIM  0bpa3oM  KoJu4ecmeo
8bI3doposeslulx). B amom u 3aknrodaemcs npuduHa Heobxodumocmu
y4yema 08oUHOU Kpuegol 8 sioeapughmuydeckom macwimabe. TonbKo rpu
coyemaHuu 3mux mpex OuazpaMM [10S6/19emMcs  pasusibHoe
MMOHUMaHue o0 8bI60pe COOMBEMCMEBYIWEZ0 PELUEHUS.

Knrouesnle cnosa: COVID-19, Kpusas Naycca, C-kpuegasi.

NMPATREHE KOPOHA BUPYCA COVID-19 CITMYHO JE
MHCTPYMEHTAJTHOM NETEHY

Memap B. Kouosuh®, 3opaH B. Kouosuh®, Briadumup T. Koyosuh®

@ YunsepaunteT YHuoH ,Hukona Tecna”, ®akynteT 3a MHGoOpMaLyoHe
TexHororuje n nxerwepcteo, beorpan, Penybnuka Cpbuja,
ayTop 3a nNpenucky

® OmHw MNoruka, Beorpag, Penybnuka Cpbuja

® IGT, beorpag, Peny6nuka Cpbuja

OBJIACT: matemaTtuka
BPCTA YJTAHKA: opurnHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Padu nocmamparsa enudemuje COVID-19 'y ceakoj
rojeGuHa4yHoj Op>xasu Ha ceemy pa3eursiu CMO crieyughudaH cucmem Koju
ce cacmoju 00 cnedehux dujacpama u Mamemamudkux modena: a)
ernudemuoriouike Kpuee, 6) xucmospama 3apakeHux ocoba, 8)
Xxucmopama 3apakeHux ocoba y npemxodHux nem daHa, 2) dsocmpyke
Jloeapumamcke Kpuge 3a rocMmampare 6p3uHe wupersa enudemuje, x)
enudemuorniowikoe suwenapamemapckoz rnpahema u) [laycose u
BonymaHose C-kpuse. Kao wmo je nokasaHo y o8om pady rnocmampare
moka enudemuje Harnuk je UHCMpPYMEHMarHoMm iememby.

Memode: HajkomnnekcHuju modenn rnpedcmasrba U3padyHasar-e
HeriomnyHe [aycose Kpuse, wmo je demasbHuje aHanu3upaHo y pady.
Takohe, nokasaHo je Oa mMocmoju epemeHcka 3asucHocm u3amehy
Faycoee u C-kpuse. [lodauyu cy npeysemu ca cajma Cgemcke
30pascmeeHe opeaaHu3ayuje. lNommyHu ckyn nodamaka cacmoju ce 00
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laycose Kpuse, dsocmpyke ri02apumamcke Kpuse U enudemuosiowKe
Kpuee, Koje ce nocmampajy yropedo. lNocmampare camo jedHe 00
HasHa4YeHe mpu Kpuge y eerniukoMm 6pojy criydajeea Huje O080SBHO.
Pesynmamu: Kako 6u ce Ookasane u3abpaHe Mmemodosnoeuje, pad
cadpxu decemak pesynmama y obsuky dujaspama.

3akrbyyak: Kada ce uspadyHa [aycosa kpusa moxe ce 0ohu 0o nodamka
0 Kpajy enudemuje. Mehymuwm, y Hekum criydajesuma [aycosa Kpuea ce
He MOXe uspadvyyHamu, ra Kpaj enudemuje Huje jacaH, Hajuewhe 3amo
wmo MHoze dpxaee Hucy Oeknapucarne bpoj oropasrbeHUX nayujeHama
Ha adekeamaH Ha4uH. 3amo ce Mopa y3emu y 063up dAsocmpyka
Jloeapumamcka Kpuea. Camo kombuHauyujama mpu Oujazpama dobuja ce
npasu ysud y doowerse ucripasgHuUx oosyKa.

KrbyuHe peyu: COVID-19, Naycoea kpusa, C-kpusa.
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