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Abstract. Microfluidic systems are widely used in the preparation and analysis of liquid
samples in biology, pharmacology and medicine. Each individual device using microfluidic
systems differs in structure from others, and the accuracy of fluid control inside is an important
factor. In this paper, we will consider the microfluidic system of a DNA analyzer. An algorithm
that reads information from flow sensors in real time and transfers it to microcontroller STM 32
has been developed for it. The received information was further processed, and on the basis
of the received data, a conclusion was drawn about the correctness of the work performed
by the device. The error handler, in case of deviation from the process, made the necessary
adjustments by sending an error code to the necessary part of the device.

Keywords: Microfluidic system, control algorithm, fluid control, flow sensor, DNA analysis

Funding: The work was carried out within the framework of State Task 075-00761-22-00 of
the Ministry of Science and Higher Education.

Citation: Serov E. D., Kavaler A. I., Kruglov V. A., Reznik V. S., Saraev A. S., Davydov V. V.,
Development of a control algorithm for a fluid flow monitoring system in a microfluidic
system, St. Petersburg State Polytechnical University Journal. Physics and Mathematics. 15
(3.2) (2022) 296—301. DOI: https://doi.org/10.18721/JPM.153.254

This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.
org/licenses/by-nc/4.0/)

MaTtepuarnbl KoHdepeHunn
YK 53.082
DOI: https://doi.org/10.18721/IJPM.153.254

Pa3pab6oTkKa afiropurMa KOHTPO/ii CUCTEMblI MOHMTOPMHTA
NOTOKA XXUAKOCTU B MUKpPOH/TIIOMAHON CUCTEME

E. . CepoB '"22, A. U. KaBanep "2, B. A. Kpyrnos ?,
B. C. Pe3Huk 2, A. C. Capaes ?, B. B. [laBbiaoB 3

1 CaHkT-TNeTepbyprckuin MonutexHuyecknin YumusepcuteT MNeTpa Benukoro, CaHkT-MeTepbypr, Poccus;
2 UHCTUTYT AHanuTmyeckoro MpubopocTpoeHus Poccuiickol Akapemmmn Hayk, CaHkT-lNeTepbypr, Poccus;
3 Bcepoccuickmin HayuHo-WccnepoBaTtenbckuii UHCTUTYT GuTtonaTonorumn, MockoBckast obnactb, Poccust

B egorserov22021998@gmail.com

AnHoTtamua. B maHHoii paboTe paccMaTpuBaeTcsi MUKpOGJIIOMIHAS CUCTeMa aHalu3aTopa
JHK. s Hee OblT pa3paboTaH ajJirOPUTM, CUMThIBAIOIIMI MHOOPMALUIO C JaTYMKOB MOTOKA
B peXMMe peaJbHOTO BpeMeHHU U Tiepenainnii ee Ha MUKpokoHTposuiep STM32. TMonyyeHnHnas
nHGOpMALIMS TOABEPraeTcsl JajbHeiillneii o0paboTKe M HAa OCHOBAHMU ITOJIyYEHHBIX JaHHBIX
JIeJIaeTCsI BBIBOJ, O MIPAaBUJIBHOCTU paboThl TTprbopa. OOpaboTUMK OIIMOOK TTpU HEOOXOAUMOCTHA
BHOCUT HEOOXOIMMbIE KOPPEKTHUBBI, OTIIPABJIsAsl KO OIIMOKM B HY>KHYIO YacCTh YCTPOICTBA.
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Introduction

At present, with the development of scientific and technological progress, much attention is
paid to various research methods [1—8]. This is especially true in the context of an increase in
the influence of various negative factors on biological systems [8—14]. Therefore, for the study of
biological systems, as well as condensed media associated with them, a large number of methods
have been developed [2—5, 7—9, 15—21]. They have various advantages and disadvantages. This
determines their direct application.

The sequencing method of DNA is currently extremely demand for solving of the different
tasks in medicine and biology [22—27]. For example, sequencing methods widely used in different
medical researchers related with viruses and diseases.

Thus, in sequencing devices, it is necessary to transfer a given volume of liquid at a given speed
for the correct analysis.

The performance of microfluidic systems depends on monitoring and adjusting the fluid flow
in them. The various sensors or flowmeters are performing this task, in particular, a fluid flow
sensor [28—31]. Information from the sensor must be read and processed during the entire
operation of the hydraulic system.

Therefore, it is important to create an optimal algorithm that is able to carry out the task
throughout the entire sequencing process. Also, an important part of this algorithm is the logging
of all received data to eliminate and troubleshoot microfluidic systems.

As a consequence of this, the algorithm described above serves not only as a way to control
and adjust the hydraulic system, but also to collect data for post-processing of the experiment.

Structure of the algorithm

The fluid in the microfluidic system of the sequencer moves through thin capillaries using a
pump. The pump, having received a command from the control algorithm, adjusts the direction
and speed of the fluid supply. To check the correctness of its operation, a liquid flow sensor is
installed in front of the element holding chemistry reactions for sequence.

The sensor detects the presence of a stream and sends a command via the exchange protocol to

the board responsible for processing data from the

Sensor data ‘ @ sensor. Information exchange under the protocol

proceeds continuously and regardless of the main

Y process of the hydraulic system, however, as soon

Flogs S as the hydraulic system finishes executing all the

commands from the control algorithm, the data

exchange is suspended until the hydraulic system

Control algorithm is restarted. This is necessary for the sequencing

device to work correctly [22—27]. The block

Y diagram of the signal processing algorithm is
e sy presented in Fig. 1.

Fig. 1. Data processing algorithm

© CepoB E. ., Kaanep A. U., KpymoB B. A., Pesnuk B. C., CapaeB A. C., JdaseinoB B. B., 2022. Usnarens:
Cankr-IleTepOyprckuii moautexunyeckuii yauepcutet Iletpa Benukoro.

297



4 St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2022 Vol. 15, No. 3.2 >
I

The data exchange between the sensor control board and the fluid flow sensor is carried out
using the symbols of the binary system, where the unit corresponds to the state of the sensor
in which the fluid flow is fixed, and zero corresponds to the state in which the sensor does not
observe the flow. Obviously, this information is not enough to control the algorithm, so the
data received from the sensor must be compared with what is expected to be seen at the present
moment. In other words, starting its work, the pump sends information about how long it is
necessary to observe the fluid flow at the sensor installation point. Thus, having received a signal
from the pump and the sensor, it is necessary to compare them.

As shown in Fig 1, when a command is received from the program controlling the device, the
pump starts its work, while sending the necessary information to the control algorithm. At the same
time, the interrogation of the flow sensor begins. In case of discrepancy between the expected and
accepted values from the flow sensor, this data goes through the error processing algorithm.

Further, the processor can continue the operation of the device, if the error was not critical,
or suspend the experiment by calling the user’s dialog box with a choice of further actions.

The entire process of polling the sensor and the operation of the hydraulic system is logged
with time stamps. Thus, if necessary, it could be determined the cause of the failure by examining
the relevant documentation.

Realization of algorithm in hydraulic test model

The main aim of developing described algorithm is to use it in sequencing systems. To ensure
that described algorithm correctly works the hydraulic system test model was developed. This
system is shown in Fig. 2.

Container with liquids H‘ Reaction Cell H Flow Sensor LPG10-1000 }—){ Pump

A

Y

1
Control Board le
«

Fig. 2. Block scheme of hydraulic system test model;
blue lines correspond to liquid capillaries, black lines to data exchange

One of the parts of the hydraulic system test model is flow sensor LPG10-1000. The parameters
of this sensor are presented in Fig. 3. It is necessary to define flow state (logical unit corresponds
to fixed fluid flow, logical zero to absence of fluid flow) for algorithm to work correctly. Because
of described sensor could perform information about flow rate, it is necessary to determine flow
rate threshold value. The threshold value was equalized to 50 pl/min, due to the LPG10-1000
characteristics. Thus, the flow rate values below the determined threshold are defined as logical
zeroes for algorithm.
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Fig. 3. LPG10-1000 sensor accuracy and repeatability (% of measured value)
across the sensor’s flow range
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In developed test model, the control
800 algorithm is performed via control board with
microprocessor. The board is connected to pump
via UART protocol and to flow sensor via I?C
400 protocol. The connection between the board and
the pump is necessary to get data from pump

(pump status — in work or not).
0 The control board sends command to pump
0 20 40 60 80 to start aspirating then control board receives the
Time, s answer from pump with its status. While pump is
aspirating the flow sensor is exchanging its data
Fig. 4. Visualization of flow rate data with control board every 1 second. That provides
from sensor control of flow status in every iteration. The
data from pump and flow sensor is processed on
control board and goes through error processing afterwards. It is necessary to avoid issues such as

value below threshold on flow sensor while pump is aspirating.

Results

As a result, the algorithm was implemented in hydraulic system test model and the acquired
information is confirming correctness of described algorithm. This information shows correlations
between flow rate from flow sensor, working state of pump and real aspiration process as shown
in Fig. 4.

Flow rate, pl/min

Conclusions

The developed algorithm allows to control the correct operation of the hydraulic system of
the sequencing device. If necessary, the algorithm has the ability to suspend the operation of the
entire device, or a specific part thereof, notifying the user at the same time, and will wait for
further instructions.

Moreover, developed algorithm can be used not only in sequencing system which described
below, but also in another types of hydraulic systems, were is necessary to control the flow rate
or flow status.
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