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Design and development of system to control,
synchronize and coordinate multiple high-performance microvalves

The innate nature of humans to manipulate and thereby control forces of nature has traditionally stirred efforts aimed
at the development of modern technology. With that view in mind, this thesis details the design of a mechanism which
would aid the performance of physical tasks in a number of industries. More specifically, the development of a system
to control, synchronize and coordinate multiple high performance microvalves wirelessly is proposed in this study.
The goal of this article is to perform a system which can control microvalves by sending a specific command from a
Graphical User Interface. This controller allows the controlling ON and OFF switching of the devices wirelessly. The
development system plays a crucial role in the oil and gas industry. Quite recently, considerable attention has been paid
to automatic functions and its growth potential appears unlimited. It will be extremely efficient to provide automatic
functions to optimize system performance. Some limitations to control pressure or flow automatically can be used to
balance requirement conditions which ensure that flow or pressure will not exceed a desired rate. An implication of
these findings helps to reduce energy consumption and therefore minimize the risk of noise.
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b. NmanoBa
MuxkpokJananaapabl colikecTeHIipy KdHe dackapy Kyieci

By makanaia MUKpOKIIanaHap sl KallbIKTHIKTaH CalikeCTeHIpy JKoHe OacKapy Kyiieci yehIHbUTFaH. byt TexHomorus
ra3 )KoHEe MyHail canachlHa CYHBIK 3aTThIH MOJIIIEepi MEH KbICHIMBIH OaKblIay/Ia KOJIaHbLIA(bl. MUKpOKIIAIaHAap bl
MOHHUTOPUHT Kacay ’KOHE bIHFaiiIbl OacKkapy yuriH Java OarmapiaMachiHa rpaduKaliblK HHTEpQEnc KypacThIpbUIFaH,
0J1 KJIamaHJapAbl apHailbl KOMaHIaJdapMeH OakpLIaiiibl. By jxko0asa CHIMCBHI3 MAIIMET ajaMacy TEXHOJIOTHSCHI
KoyanbiIaasl. OHBIH ©3 KYIIIHE €HY1 YIIiH Kyhene KaObLiian-Kioeprinn MOAylb KOJIAHBUIAIbl, OHBIH KOMETiMeH
KaIIBIKTBIKTaH 0acKapy MYMKIHIIUTITI maiaa Oomamel. JKyieHiH sKyMbIc ykacay NMPHHIMI TpaduKaibK HHTEpQeiic-
TeH ki0epy KemeHi apKbUIbI MUKPOKJIATaHAapAsl OacKapaThlH Ti30eKTeri KaObuIaarsiKa Kidepineai. ©3 ke3erinae
GackapaTbIH Ti30eKTeri MUKpOOaKbUIay bl KaOblI11ay MOYJIIHEH aKIapaTThl OKBII KYPBUIFBIHBI OaiiTaHbICTHIPA/IbI.
Tyitin co30ep: Gackapy *Kyiieci, CbIMChI3 OalilIaHbIC, MUKPOKJIATIaH.

b. Nmanosa
Cucrema ynpasiieHHs] 1 KOOPAMHUPOBAHUSA MUKPOKJIANIAHOB

B naHHOM cTaThe MPe/CTaBICHa CHCTEMA YIIPABICHHS U KOOPIMHHPOBAHUS MUKPOKJIAAHOB Ha PacCTOsIHUK. Pa3pado-
TaHHAasI TEXHOJIOTHSI UCTIONB3YETCs ISl KOHTPOJIS IABJICHUS U TTOTOKA KUAKOCTH B HE(TSHOI 1 ra3oBoit orpaciu. [{s
yZRoOHOTO yIpaBJIeHUs] © MOHUTOPHHTa MAKPOKJIANIaHOB OBbLT pa3paboTaH rpadudeckuii uaTepdeiic B mporpamme Java,
KOTOPBII MO3BOJISIET KOHTPOJIMPOBATH KJIAMAHbI C MTOMOIIBIO CIEHHAIbHBIX KOMaH/l. B TaHHOM MPOEKTe HCIIOIb3yeTCs
TEXHOJIOTUst OECIIPOBOIHOM Tepejaun TaHHbIX. 1 ee peanus3alyu B CUCTeMe ObUT HCIIOJIB30BaH MPHEMHO-TIEPEIA0-
MM MOJYJTb, TIPH TIOMOIIM KOTOPOTO MOSIBISIETCSI BOSMOXKHOCTD TUCTAHI[MOHHOTO YIPaBICHHS.

[TpuHIUI paboThl CHCTEMBI 3aKJIIOYAaeTCS B TOM, YTO KOMaHIBI ¢ rpaduueckoro uHTEepdeiica oTnpaBisioTes: yepes
MepeIAfoIINi KOMIUIEKC B IIPUEMHHK, HaXO/SIIUICS BHYTPH LIETH YIIPABICHHS MHUKPOKJIaaHamu. B cBoto oueperns,
MHKPOKOHTPOJIIEP, HAXOSIINKCS BHYTPH LEMH, CUMTHIBACT MHMOPMALHUIO C MPHUEMHOTO MOIYIS M KOOPAMHUPYET
yCTpOICTBa.

Knroueswvle cnosa: cucrema ynpasieHus, O€CIIPOBOIHOE COEIMHEHIE, MUKPOKJIAIIAH.
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Introduction

This project is therefore organized in a manner
where firstly the design for the system to control
microvalves has been detailed in three parts. The
first part pertains to the design of the graphical
user interface (GUI). To create this part of project,
several programs have been studied and analyzed.
Besides this, the second part discusses the design of
a circuit for controlling multiple microvalves. The
studies cover a specific application of microvalves
that can be met the designing parameter of a
process service. Finally, the third part aims to
control microvalves wirelessly. For this reason,
modern wireless technologies, which are RF and
GSM communication, were studied and applied to
the completion of a circuit of transmitter-receiver
antenna.

Figure 1 summarizes the performed system in
details, which was developed in a sequence of steps:

1) design GUI,

2) design circuit to control microvalve (LED
and LCD);

3) design the wireless communications between
GUI and control circuit;

Following this, the data from the GUI is
transferred to the transmitting antenna (Tx) circuit
which is connected to the PC through serial port.
After that, microcontroller from Tx circuit was
programmed to transmit the signal to the receiver
(Rx) antenna circuit, where this information is
extracted and utilized to control the devices inside
the external entity. In our case, external circuit was
performed in a set of LCD module and 8 LEDs which
were connected to the ports of microcontroller. The
microcontroller from Rx antenna circuit was also
programmed to read the receiver code.

The main hardware requirements were two
Arduino Uno microcontroller boards, two USB B
type cables , eight LEDs, eight resistors, Liquid
Cristal Display (LCD) module, RF module ( Tx and
Rx) and GSM modem.

Figure 2 represents a design of Transmitter
antenna circuit . This part of system is performed in
set of Arduino Uno microcontroller and transmitter.

Receiver antenna circuit is performed in a way
where Rx module was connecting to the control
circuit. This case was depicted in the following figure,
which was performed as receiver antenna part.

1. Graphical User Interface

As it was mentioned earlier the first part of the
project was created Graphical User Interface (GUI)
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in Java program. Graphical User Interface allows to
control valves, using on-off command. This means
that valves can be closed and opened to control
pressure or liquid flow.

Modern programs use a graphical user interface
to communicate with the user. This means that the
programs display window on the screen, which
consists of different types of GUI components [1].
According to analysis which I have done during
project, Java program was used to create GUI in
this project.

Each GUI program has a top-level container,
which is presented as a main window. Top-level
container is defined as graphical component which
can be displayed independently as separate window
on the screen [1]. Components at the top level can
contain inner classes (figure 4).

GUI is performed in a manner where the main
window consists of three buttons with labels which
are “individual control valves”, “ multiple control
valves” and “ current status”, and combo box with
button “connect” (figure 5).

For the reason that the aim of GUI in this project
was to control valves that were external circuit, serial
communication method was declared before starting
to design GUI components to cooperate with other
program. Following that, Combo box was used to
choose available items from drop- down list [15]. In
this project combo box was created in a manner to
be able to choose one of the several available COM
ports which allows GUI to connect to the external
circuit through Button “connect” (figure 6).

The main page contains three buttons and thee
labels as well, which are “individual control valves”,
“multiple control valves” and “current status”.
Buttons bl, b2 and b3 are able to open the inner
windows. For example , when button b1 is pressed,
the window of Individual control valves opens. The
same methods were used for other two buttons.

2. “Individual control valves”

Further step was to design the first inner
window of GUI as “Individual control valves”. The
goal of this page implied to control eight valves
using switch on/off function. To realize the control
function, sixteen buttons were created, eight of them
were “on” and others were “off” (figure 7). What is
more, you can see a timer , which is able to reset all
microvalves after 60 second.

LCD module in control circuit was programmed
to monitor the action. It was able to display the last
event which was happened in the system. Each
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Figure 8 — LCD module
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button in the interface was assigned an unique code,
which was able microcontroller read the command
and run the circuit to control microvalves. From
figure 8 it can be observed that Valve 3 was turned
on. The “on” status of valves was displayed in the
beginning of the first line.

At the same time, when the receiver antenna
circuit got an assigned code to turn on Valve3,
microcontroller run LEDs part in control circuit .
The unique code was extracted by microcontroller
from receiver antenna circuit and generated the
LEDs part according to the receiving data. Figure 8
represents that LED3 was lighted on.

3. “Multiple control valves

The goal of “multiple control valves” was to
manage a group of valves simultaneously. From
figure 10 it can be observed that this type of page
contained two labels which were “groupl” and
“group2” and five buttons, where two of them “on”
and two “off” and one “reset”. “ Reset” function is
turn off all microvalves at the same time

4. “Current status”

“Current status” window was able to monitor the
status of valves. As this type of window contained
eight labels of valves (figure 10) and allows control
the current status of each microvalves.

“Current status” is a window in a Graphical
User Interface, which displays the status of valves.
As follows from the figure shown above, the word
“valve3” was assigned as green color to indicate the
“on” status. Red color was assigned as “off” status.
Such cases are depicted in the figure 10.

Conclusion

In conclusion, this report discusses several
aspects of the wireless technology and the proposed
utilization of this technology for a system to
control, coordinate and synchronize multiple high-
performance microvalves.

Considerably more work will need to be done in
transmission part of this project. The project covers
only RF and GSM types of communication which are
not enough satisfied to modern conception. Now it
becomes necessary to control devices in a very large
distance, a reasonable approach to tackle this issue
could be to use satellite communication. However
this type of transmission is very expensive, but it
would be able to extend this technic to the global
industry. Oil and gas are the most important branches
in the world -wide industry. Satellite communication
can be used to develop targeted interventions aimed
in all-round development and growth of oil and gas
industry of the world in general.
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