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Purpose. Development of a filtering respirator with a device for operational 
pressure drop control. 

Method: The development of the filtering respirator with a real-time 
pressure drop monitoring device involved the use of the 
following equipment: the ESP32-C6-LCD-1.47 microcontroller 
with a video display, and the MPXV7002DP FRS pressure 
sensor, which enable monitoring of the pressure drop caused 
by dust accumulation, based on determining the critical filter 
resistance value. 

Findings. A real-time monitoring device for pressure drop in the 
respirator filter cartridge has been developed. It provides 
contributes to improved worker safety in hazardous 
conditions and extends the possibilities of personalizing 
respiratory protective equipment according to specific 
operational requirements and users’ physiological 
characteristics. The developed algorithm of the device 
enhanced the protective properties of the filtering respirator 
by timely informing the user about the pressure drop status 
of the filter, which is associated with half-mask tightness and 
battery charge level. A mathematical model has been 
proposed, correlating filter parameters, breathing mode, and 
the characteristics of the pressure drop sensor, which allows 
for determining changes in the pressure drop across the filter 
element depending on dust accumulation on the filter 
surface. This makes it possible to control filter service life by 
comparing it with the critical pressure drop value. 

Paper type. Experimental studies of filtering respirator’ performance 
indicators. 

 

Мета дослідження. Розробка фільтрувального респіратора з 
пристроєм оперативного контролю перепаду тиску. 

Метод дослідження. Розробка фільтрувального респіратора з 
пристроєм оперативного контролю перепаду тиску 
передбачає використання наступного обладнання: 
мікроконтролер ESP32-C6-LCD-1.47 з відео дисплеєм та 
датчик для контролю тиску MPXV7002DP FRS, які 
дозволяють забезпечити контроль перепаду тиску при 
накопиченні пилового осаду на основі визначення 
критичної величину опору фільтрів. 

Результати дослідження. Розроблено пристрій оперативного 
контролю перепаду тиску на фільтрувальній коробці 
респіратора, який створює передумови для підвищення 
рівня безпеки працівників у шкідливих умовах праці та 
розширює можливості персоналізації засобів 
індивідуального захисту відповідно до специфічних 
операційних вимог та фізіологічних особливостей 
користувачів. Розроблений алгоритм роботи пристрою 
оперативного контролю перепаду тиску на фільтрувальній 
коробці респіратора підвищує захисні властивості 
фільтрувального респіратору завдяки своєчасному 
інформуванню користувача про стан перепаду тиску 
фільтру, що взаємопов’язано з герметичністю півмаски та 
рівнем заряду батареї. Запропоновано математичну 
модель, яка взаємопов’язує параметри фільтра, режим 
дихання і характеристики датчика перепаду тиску, що 
дозволяє визначати зміну перепаду тиску на 
фільтруючому елементі у залежності від накопичення 
пилового осаду на поверхні фільтра задля контролю часу 
експлуатації фільтрів шляхом порівняння з критичною 
величиною перепаду тиску. 

Тип статті. Експериментальні дослідження показників 
фільтрувальних респіраторів. 
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Introduction 

The pressure drop across respirator filters is one of the key parameters that influences the 
protective efficiency of the filter and determines the safe service life of the respirator 
(Cheberyachko, 2013). When the critical pressure drop threshold is reached, the protective 
efficiency of the respirator may deteriorate due to significant suction of unfiltered air through gaps 
between the user’s face and the half-mask respirator (Roberge, 2011). On the other hand, a dust-
loaded filter causes breathing difficulties. Currently, each user independently decides when to 
replace the filter, based on the onset of discomfort caused by increased breathing resistance (Srijit, 
2020). This subjective factor complicates the calculation of the required number of filters when 
respirators are used under dusty air conditions. Therefore, to standardize filter replacement 
intervals, it is essential to address the urgent task of ensuring real-time monitoring of pressure drop 
across filters. 

Literature review 

In (Shin, 2022), the authors proposed a system for measuring the user’s breathing rate using an air 
pressure sensor in the respirator. They noted that such sensors are inexpensive and energy-efficient, 
resulting in only a minor increase in respirator cost. At the same time, the economic effect of 
reducing inefficient filter usage makes this improvement attractive. 

In (Pei, 2023), the authors developed an intelligent filter performance monitoring system 
capable of measuring filtration efficiency, pressure drop, temperature, and relative humidity in real 
time. This not only makes it possible to determine the protective service life of filters but also enables 
monitoring of workers’ dust exposure levels, thereby helping to prevent occupational diseases. 

Based on their research (2023), the authors developed a “smart” N-95 respirator that combines 
a humidity sensor and a pressure sensor to adaptively adjust half-mask fit to the face in order to maintain 
protective efficiency. In the event of mask slippage or air leakage through gaps, a signal is generated to 
indicate deterioration of protective properties, requiring corrective user action. 

In (Aqueveque, 2022), an embedded electronic device is described that collects 
multidimensional data from an integrated pressure, temperature, and relative humidity sensor 
inside a reusable industrial respirator. The device calculates breathing rate and evaluates both 
respirator fit to the face and pressure drop during dust accumulation. 

The authors of (Roberge, 2013) emphasize the importance of solving the task of pressure 
drop monitoring. They provide arguments demonstrating the feasibility of implementing intelligent 
pressure drop monitoring systems in respirator use. 

The study (Cao, 2015) highlights the role of differential pressure sensors in testing protective 
masks to evaluate filter resistance and efficiency under production conditions, which differ from 
laboratory ones and do not allow for reliable determination of protective service periods. 

The analysis of scientific studies confirms the relevance of ensuring pressure drop 
monitoring, which enables the solution of several tasks—from controlling filter dust loading and 
calculating the required number of filters per work shift to determining the service life of the filter. 

Aim of the work – development of a filtering respirator with a real-time pressure drop 
monitoring device. 

Materials and Methods 

The development of the filtering respirator with a real-time pressure drop monitoring device involved 
the use of the following equipment: a microcontroller with video display and a pressure sensor. 
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The microcontroller is based on the modular printed circuit board ESP32-C6-LCD-1.47  
(Fig. 1) based on ESP32, which is based on the Tensilica Xtensa microprocessor. In addition, the 
ESP32-C and -S series boards use a 32-bit Risc-V processor model (single- and dual-core variants) 
instead of Xtensa. The RISC-V architecture is open-source and facilitates flexible system integration. 
In addition, these boards allow combined Wi-Fi and Bluetooth connectivity (supports Wi-Fi 6 in the 
2,4 GHz band, Bluetooth 5, Zigbee 3.0 and Thread 1.3); support all standard IEEE 802.11 security 
features, including WFA, WPA/WPA2 and WAPI, and have open-source software and open SDK 
(Software Development Kit – a set of tools, libraries, documentation and code samples). The ESP32-
C6-LCD-1.47 development board has an integrated matrix TFT LCD module LBS147TC-IF15 
measuring 17,4x32,4 mm, with a resolution of 172x320 pixels and 262 thousand colors. 

 

   
 

Figure 1: ESP32-C6-LCD-1.47 Development Board 
1) ESP32-C6FH4 microchip; 2) ME6217C33M5G voltage regulator; 3) TF (SD) card slot;  

4) Surface-mount ceramic antenna; 5) LOAD button; 6) RESET button 
 
To determine the resistance of the filtering element(s) or the pressure drop on the respirator 

filter housing, a differential pressure sensor MPXV7002DP FRS (±2 kPa) was used, which has an 
analog output signal Uout = ±2,5 V (Fig. 2). 

 

 
 

Figure 2: Appearance of the MPXV7002DP FRS Pressure Sensor 
 

According to the technical documentation, the system components have the following 
current consumption: ESP32-C6 chip at 25 mA (at 80 MHz); matrix TFT LCD module 15 mA; 
differential pressure sensor up to 10 mA. Thus, the total current is 50 mA. Considering the 3,3 V 
supply, the power consumption of the system will be 3,3 ∙ 0,05 = 0,165 W. 

The required rechargeable battery capacity (Bazaluk, 2021) was calculated using the 
formula:  
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𝐶 =
𝑃⋅𝑡

𝑈
,      (1) 

where C – battery capacity (Ah); 
 P – power consumption (W); 
 t – time (h); 
 U – battery voltage (V). 

 
To ensure continuous operation of the device for 6 hours, the capacity of the accumulator 

with a voltage of 3,7 V will be: 0,268 A · h. Considering the standard nominal range of rechargeable 
batteries and taking into account the necessary capacity reserve of 20 %, we can accept for use an 
accumulator with a voltage of 3,7 V and a capacity of 320 mA∙h, Li-Ion GEB10440 320mAh, 3,7V. 

One of the key aspects that affects the efficiency of the filter operation is the gradual 
increase in its resistance due to dust accumulation on the surface, so for calibrating the pressure 
sensor, the formula that relates the increase in pressure drop due to dust accumulation 
(Cheberiachko, 2023) was used: 

,    (2) 

where Δp₀ – is the initial resistance of a clean filter, Pa; 
 kₙ – is the proportionality coefficient depending on the filtration rate, m⁴/s²; 
 ρₙ – is the bulk density of dust particles, kg/m³; 
 φ – is the coefficient of non-uniformity of dust distribution on filter fibers; 
 FB – is the total surface area of the filter fibers; 
 L – is the total length of fibers in the filter, m⁻¹; 
 П𝑓 – is the mass of accumulated dust on the filter, mg. 

 
The dust mass is calculated using the formula (Diekman, 2017): 

П𝑓 =
2С𝑄𝑡

𝐹0
,      (3) 

where C – is the total dust concentration, mg/m³; 
 Q – is the volumetric air flow through the filter, m³/s; 
 t – is the respirator operating time interval, s; 
 F₀ – is the total filter area, m². 

 
The total length of fibers and their total area were determined using the formulas  

(Bergman, 2017): 

𝐿 =
𝛽∙𝐻

𝜋∙𝑎2,      (4) 

 

𝐹𝐵 =
2𝑏𝐻

𝑎
,      (5) 

where β – is the fiber packing density; 
 H – is the thickness of the filter layer, m; a is the average radius of fibers in the filter, m. 

 
Based on formula (2), a block diagram is constructed for modeling real-time pressure drop 

monitoring on the respirator (Fig. 3), taking into account the breathing process, operating time 
monitoring, determination of dust concentration in the working area, and air flow through the filter. 
The overall algorithm of the real-time pressure drop monitoring system on the respirator is shown 
in Fig. 4. 

After switching on the toggle switch that supplies power to the control and information 
processing unit, the system initializes the processor core and peripheral devices. A file is created on 
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the memory card to store data on respirator operation. This process includes configuring the SPI 
bus to enable interaction between the microcontroller and the memory card. Input/output ports 
are identified to verify the system’s readiness for operation. This function ensures that all 
components are prepared for subsequent operations, providing a foundation for uninterrupted 
collection and storage of data on respirator performance throughout the work shift. 

 
 

Figure 3: Structural diagram of the mathematical model of the respirator  
for determining the dependence of the pressure drop change on the filtering  

element depending on dust accumulation 
 

 
Figure 4: General algorithm of the pressure drop control system operation on the respirator 
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Real-time pressure drop monitoring on the respirator filter housing is carried out by 
comparing the measured pressure drop during breathing with stored critical values that indicate the 
need for filter replacement. 

The signal from the sensor, which has a voltage range of 0-5 V, was converted by a 10-bit 
analog-to-digital converter into integer values from 0 to 1023. Over time, as dust accumulates on 
the filter, breathing resistance increases, which is detected by the pressure sensor. When the 
pressure drop reaches the first critical level (70 Pa at an airflow of 30 L/min; for other airflow rates, 
it is calculated using a laboratory-determined dependence, Fig. 5), indicating partial contamination, 
the control unit activates a warning signal. If operation continues, the dust mass on the filter 
increases, reaching the second critical pressure drop level (100 Pa at 30 L/min), at which the 
respirator’s protective efficiency may decrease. The control system will activate a red LED and emit 
short audible signals, notifying the user that the filter housing needs to be replaced. 

 

 
Figure 5: Dependence of the pressure drop on filters on the volumetric air flow  

for determining the critical pressure drop value 
 
A decrease in protective efficiency occurs due to significant breathing resistance (established 

for each type of respirator under laboratory conditions), which leads to the appearance of air leaks 
through gaps in the respirator sealing strip. This moment is detected by the sensor as a certain drop 
in pressure after a continuous increase, indicating the emergence of additional airflow paths into 
the under-mask space. 

Battery level monitoring, which powers the control system and the pressure sensor, is 
performed using a voltage divider connected to the microcontroller’s analog port. The system reads 
the voltage, which is proportional to the charge level, and compares it with preset threshold values. 
The battery level indicator displays the current status of the power source. If the charge drops to a 
critical level, the system issues a corresponding signal, notifying the user of the need to replace or 
recharge the battery. This function ensures uninterrupted device operation and prevents 
unexpected shutdown due to battery depletion. 

After each pressure sensor polling cycle, the system records data on pressure, filter 
condition, and battery level onto the memory card. This process occurs via the SPI bus, which 
provides fast and reliable data exchange. The stored information includes respirator operation 
parameters throughout the work shift. Through a data extraction port, the information can be 
transferred to an external device for further processing, for example, to analyze respirator usage 
efficiency or verify compliance with safety requirements. This function enables operational tracking 
of the device, which is important for monitoring its condition and evaluating operating conditions. 
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Each of the described functions operates within a general cycle, which repeats to ensure 
continuous monitoring of respirator parameters. Together, these components form a reliable 
system that enhances the protective performance of the device and improves user convenience. 
The system optimizes operational characteristics by providing timely information on filter condition, 
half-mask seal integrity, and battery charge level. A general view of the respirator filter housing with 
the real-time pressure drop monitoring device is shown in Fig. 6. 

 

 
 

Figure 6: General view of the real-time pressure drop monitoring unit on respirator  
filters with display 

Results  

At the first stage, the operation of the real-time pressure drop monitoring unit during breathing was 
evaluated under different operating modes, with airflow rates ranging from 30 to 95 L/min. The 
obtained values were compared with available experimental data published to verify the 
performance of the pressure drop sensor. Approximation of the experimental and theoretical data 
using the normalized root mean square error “NRMSE”, calculated in MATLAB with the 
“goodnessOfFit” function (Stafford, 1973), was 88,74%, with a correlation coefficient of 0,94 and 
Fisher’s statistical criterion of 10256. The dependence of the filter element resistance on varying 
airflow rates from 30 to 95 L/min is shown in Fig. 7. 

The next stage involved testing the operation of the pressure drop monitoring unit during 
breathing under different user operating modes with dusty filters. The dust concentration was  
300 mg/m³. The filtration surface area of a single filter element was 0,00785 m² (filter cartridge 
diameter 100 mm). The initial filter resistance was 27 Pa at 30 L/min. The filter was made of Eleflen 
material with an average fiber diameter of 2,5 µm. The fiber packing surface density was  
55 mg/m², and the proportionality coefficient dependent on filtration velocity was 1,4 m⁴/s². The 
bulk density of dust particles was 1,6 kg/m³, and the non-uniformity coefficient of dust distribution 
on the fibers was 1.2. 

Experimental pressure data for similarly dust-loaded filters, used for comparison, were 
published in studies (Yao, 2019; Qiang, 2022). The results are shown in Fig. 8. The data 
approximation of experimental and theoretical data by the normalized root mean square error 
“NRMSE”, calculated in MATLAB using the “goodnessOfFit” function (Stafford, 1973), is 58,74 %, the 
correlation coefficient was 0.915, Fisher’s statistical criterion is 10273. This indicates sufficient 
reliability of the mathematical model, which allows its use in further studies of the operational 
pressure drop control unit. 
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Figure 7: Dependence of filter element resistance on changes in air flow ranging  
from 30 to 95 L/min 

 

 
 

Figure 8: Change in Pressure Drop on the Filtering Element at Dustiness of 300 mg/m³ 

Discussion 

The main technical outcome is the determination of the required number of filters to protect the 
user under high dust conditions, taking into account the operating mode, based on an algorithm for 
calculating filter replacement time. This algorithm is based on real-time monitoring of pressure drop 
changes due to dust accumulation on the filter surface. This is achieved through: 

determining the critical level of filter contamination through the change in the mechanical 
position of the lever system associated with the movable partition; 
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processing pressure data using a linear regression algorithm taking into account breathing 
cycles, which increases the accuracy of the forecast; 

displaying information about the residual resource of the reusable replaceable filter 
cartridge with a filter for respirators on the display and saving it for analysis; 

optimizing costs through timely replacement of filters and pre-filters, as well as planning the 
required quantity. 

The proposed technology provides indirect control of dust mass on the filter through 
mechano-electrical interaction, which allows accurately determining the filter replacement time in 
the filter cartridge for respirators without the need for direct weighing. 

The calculation results are displayed on the screen in the form of the time remaining until 
filter replacement and are stored in the device’s memory. The user receives understandable data 
for work planning, and organizations – statistics for calculating the required number of filters. This 
approach may reduce operational costs associated with premature filter replacement; however, 
quantitative cost analysis is required. Automated control eliminates the human factor, and 
forecasting based on data ensures system reliability. The proposed approach may be particularly 
applicable in mining, metallurgical, and construction industries characterized by high dust 
concentrations. 

Conclusion 

A real-time pressure drop monitoring device for the respirator filter housing was developed, 
providing the basis for enhanced worker safety in hazardous working conditions and expanding 
possibilities for personalizing protective equipment according to specific operational requirements 
and user physiological characteristics. 

The developed real-time pressure drop monitoring algorithm improves the protective 
properties of the filtering respirator by timely informing the user about the filter’s pressure drop 
status, which is correlated with half-mask seal integrity and battery charge level. 

A mathematical model was proposed linking filter parameters, breathing mode, and 
pressure sensor characteristics, enabling determination of pressure drop changes on the filter 
element depending on dust accumulation, thereby controlling filter service life by comparison with 
the critical pressure drop value. 
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