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Introduction

• SARS COV-2 virus will likely become endemic, it will continue to circulate 
in the world and can cause new waves of infections [1]

• Virus transfer routes are (1) direct transport of droplets , (2) contact of 
surfaces and (3) via aerosol 

• Keeping 2m distance, wearing masks and washing hands reduce the routes (1) and 
(2) considerably

• Aerosol transmission (3) remains the main factor in an indoor environment [2,3] 

• We have built a system for COVID-19 risk prediction which consists of
• Model for virion transport in room

• System for measurement of necessary model parameters

[1] Phillips N 2021 Nature 590 382-384

[2] Asadi S, Bouvier N, Wexler AS, Ristenpart WD 2020 Aerosol Science and Technology 54(6) 635-638

[3] Santarpia JL, Herrera VL, Rivera DN, Ratnesar-Shumate S, Denton PW, Martens JW, Fang Y, Conoan N, Callahan MV, Lawler JV, 

Brett-Major DM 2020 MedRxiv DOI 10.1101/2020.07.13.20041632



Model of infection risk

• Integral parametric model, mainly mean values > 0D (1D)
Room parameters
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Additional variables:

• Temperature

• Relative humidity

• CO2 concentration

• Droplet distribution in air 

(number, size)

• Number of aerosol particles

• Number of virions in aerosol

• Number of virions on surfaces
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• Parameters of transfer processes 1 – 7 mainly from literature

J Virbulis et al 2021 J. Phys.: Conf. Ser. 2069 012189 DOI 10.1088/1742-6596/2069/1/012189



Model of infection risk

Nr. Process Parameters Result

1. Droplet 

expulsion

Kind (breathing, speaking, coughing, sneezing)

Size distribution

Concentration in mucus

Data for evaporation 

model

2. + 

3.
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4. Ventilation Air exchange Extract
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Model and measurement system

• Temperature

• Humidity

• Number of people

• Sources
• Speech
• Cough
• Sneezing

• Ventilation

• Room size

Model parameters

• Temperature

• Humidity

• AI  Image sensor

• AI  Sound sensor

• CO2 sensor

Sensors

precents

orders

times

times

IBPC 2021 poster Telicko et al. Section 10, ID-1299

A monitoring system for evaluation of COVID-19 infection risk

Python program
Running faster than real time on 1 core

Effect



Results: 3D air flow simulations

• Good agreement between CO2 concentration in 3D 

model and applied integral 0D model

• 3D simulation can optimize ventilation system 

regarding the reduction of turbulent diffusion and 

decrease of droplet concentration

velocity

CO2 concentration



Results: 
basic scenarios

Virus expulsion scenarios Virus concentration in mucus [RNS/mL]

• Different expulsion types change the 
infection risk by orders
o System recognizes sources analysing the sound

• Room 3x3x3 m

• T 25°C, RH 50%

• No ventilation

• No contamination at t = 0

• Enter 1 infected and 1 healthy person

Corresponds to close contact definition – 15 min and 2 meters

Sneeze 1x min

< 50%

< 20%

< 5%

prevalent

• Small but inevitable infection risk 
by so called super spreader
o We will use average concentration values



Results: basic scenarios -
dynamics

Turbulent diffusion ensures the existence of 

considerable part of virions in droplets > 5 m 

for long time

Humidity increases the sedimentation – 

droplets evaporate slower and sediment faster

Source – speech 1x 3.5 s, c = 108 Source – sneezing 1x min, c = 108

> 5 m 

< 5 m 

(c = 108 is very high concentration)



Results: basic scenarios -
ventilation

LV building code

15 m3/h / person

Average ventilation intensity do not reduce the infection risk as 

large droplets remain in air longer due to increased turbulence

Turbulent diffusion fromSource: coughing 1x min, c=107 RNS/mL (high concentration, <20% of infected)

ventilation, m3/h

Fully open window



Results: CO2 vs. Infection risk

Avots: klepo 1x min, c=107 RNS/mL (augsta koncentrācija, <20% no slimajiem)

Infection risk decrease considerably for very low 

CO2 concentrations (~500 ppm)



Results: operational environment
Room 523, Jelgavas 3, Riga, University of Latvia (12.01-14.01.2021)

• Infection risk was slightly changed due to 
more precise ventilation intensity

Size 7.9x6.2x3.5m, 360 m3/h 

Knowing the number of people and CO2 concentration, the intensity of ventilation in model is 

adapted using PID control algorithm

• Good agreement between modelled and 
measured CO2 values

0.2%

OFF 19:00

ON 5:00

OFF 19:00
Ventilation:



Results: different rooms

Room 523, Jelgavas 3, Riga, University of Latvia, 

12.01-14.01.2021, size 7.9x6.2x3.5m
Room 101, Building A1, Pilsonu 13, Riga, P. Stradins

Clinical University Hospital, 08.03-09.03.2021, 

size 9.5 x 3.0 x 3.0 m

0.2% 0.5%

• Less people

• Larger room

• Less speaking

• Less sneezing

Lower risk

CO2 ~ 500 ppm CO2 ~ 800 ppm



Results: Purification device added

Combined device proposed: coarse M5 filter +UV-Lamps

Outer dimensions: 615x657x840 mm3

CFD simulation

Design
Prototype

Irradiation simulation



Results: effect of purification

A real operational scenario on 21.02.2023 in Office 523 of the Science building, Jelgavas str 3, Riga (without a 

purification device) is compared to scenarios with continuous purification (100% of time at 700 m3/h) and model-

controlled purification (8.7% of time). The purification device reduces the risk by ~50% or would save 99% energy 

of comparable ventilation heat losses.



Results: server system & mobile 
application



Results: mobile & web applications
Administration, user and web apps



Existing prototype



Conclusions

• The model, combined with the measurement system, enables real-time prediction 
of infection risk

• can be used to increase the safety in an indoor environment.

• The parameter studies reveal that infection risk 
• slightly increases at lower humidity levels

• decreases with more intensive ventilation.

• The coughing, but especially the sneezing events, strongly increase the risk of 
infection in the room

• distinguishing these events is very important for effective risk assessment. 

• A method to estimate unknown ventilation intensity has been proposed and 
successfully tested.

• A purification device prototype has been developed and integrated into the 
system

• Mobile and web apps have been created for convenient, real-time monitoring of 
infection risk
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Appendix - Model

2. Evaporation



Appendix - Model

3. Sedimentation



Appendix - Model

5. Absorbtion

6.

7.
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