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Many biological objects have the ability to
fluoresce under the influence of electromagnetic
radiation in the optical range. Measuring the
fluorescence of a biological object helps obtain
information about its internal state. Therefore,
the creation of instruments for scientific
research in the field of studying biological
objects has been a pressing task for many areas
of human activity for many years. In particular,
these are areas such as agriculture, ecology,
food industry and medicine. This article is
devoted to a description of the recently
developed “FLS 10s” device for studying plant
chlorophyll fluorescence, as well as description
of software for operating the device and
analyzing the information obtained. This device
provides data of well known OJIP test.

Keywords: fluorescence, fluorometer,
fluorescence measurement, Kautsky effect, OJIP
test, fluorescence induction, fast chlorophyll a
fluorescence induction.

© 0. Voronenko, 2024

UDC 681.7.08:535.3
0. VORONENKO

FLUOROMETER “FLS 10S”

DOI:10.34229/2707-451X.24.3.9

Introduction. It is known that almost all cells have the
property of fluorescent radiation. Currently, there are a lot
of researches being done to explore this phenomenon and
its possible applications. Therefore, the property of this
process is applied in various fields of human activity.
They are microchemistry [1-4], bioenergy [5], botany [6—
8], biology [9, 10] ecology [11-15], food industry [16],
agriculture [17-24] etc. Website www.ScienceDirect.com
alone includes more than 100000 articles devoted to the
researches with applying of fluorescence measurements
for various applications. Foremost, this is due to the fact
that the use of fluorescence measurements allow replac-
ing expensive and time-consuming laboratory measure-
ments, and obtaining a higher quality results.

The aim. Despite the fact that currently there are
many specialized fluorometers on the global market, there
are no limits to the improvements in such devices and
their more convenient use, which is connected with the
development in the field of microelectronics. The goal of
developing the fluorometer “FLS 10s” device was to cre-
ate a basic model of fluorometer for use in various fields
of applications. The priority in creating the device was its
application for scientific research of biological objects, in
particular plants with applying well known OJIP test [25],
which is often applied [6-9, 17, 21-29]. Therefore, first
and foremost, there are agriculture and ecologic research-
es. In the future, modifying device will be able to use in
subsequent versions for agronomists, ecologists, and edu-
cational purposes. Currently, there are many scientific
results related to the determination of various features of
the physiological state of plants using Fast chlorophyll a
fluorescence induction analysis. Therefore, it makes sense
to develop a device that would be compact, inexpensive
and meet the modern requirements for determining the
physiological state of plants based on obtaining the major
parameters of the well-known Kautsky effect [30] — OJIP
data. Obtaining OJIP data in fast induction of chlorophyll
fluorescence is used in researching related of state plants
under climate change, plants productivity, plant breeding,
etc.
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In the development of the device the possibilities of adapting the measurement process to the specific
requirements of the user were laid down. It was provided with visualization, comparison, storage, and
loading of previously obtained results. The implementation of the necessary analysis of research results
creates an integrated environment for the scientific researcher for quick interpretation data, reduction of
research terms and intensification research. One of the important features of the device is energy saving,
which allows obtaining quality results with minimal necessary irradiation. This feature of the device
makes no irreversible changes to the research object. FLS 10s is primarily designed to obtain data on the
fast phase (dynamic characteristics) of fluorescent emission from plant forms, such as chloroplasts, algae,

needles, plant leaves etc., within the first 10 seconds of irradiation.

Technical data of “FLS 10s”

Measurement time (MT) 10 seconds
Number of samples per MT 470

Data resolution 12 bits

Number of reliable bits 10 bits
Interaction area 10 mm x 20 mm
Energy illumination Power 120 W/m?

Excitation spectrum at 0.5 level
The band of the measure signal at 0.5 level

460 nm — 485 nm
600 nm — 1000 nm

Power: @ USB in standby mode 20 mA @ 5V
@ USB in measurement mode 140 mA @ 5V
Dimensions: Long 185 mm
Height 65 mm
Width 120 mm
Weight 4339
Appearance of the device “FLS 10s”
Fig.1 shows the appearance of the device “FLS 10s”
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FIG. 1. Appearance of the device “FLS 10s”
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Software application for “FLS 10s” — fls_10s.exe
General info
This software has been created for work with “FLS 10s” fluorometer for measurement o fluorescence
emission of variable stage the plants. This software has been developed for Windows OS with .NET
Framework 4.8. File name of this application is fls_10s.exe.
Features and benefits of application
- 4 independed windows for different measurements
- Save .log file for future investigation
- Open saved .log file for current investigation
- Device auto connection or under request
- Graphical visualization measured data up to 4 measurements
- Graphical visualization measured data in dots or lines form
- Save graphical visualization in to .jpg file format
- Save measured data in .xIs file format
- Visualization of device connected and measurement process
- Measurement time 10 seconds
- Total measured samples 470:
- 10 measured samples for measurement dark and zero level
- Number measured fluorescence samples 460:

- 100 measured samples in time interval 0 — 1 ms

- 90 measured samples in time interval 1 ms — 10 ms

- 90 measured samples in time interval 10 ms — 100 ms

- 90 measured samples in time interval 100 ms —1's

- 90 measured samples in time interval 1 s —10 s
Software general description
There are 8 areas in application form for management and visualization, as shown in fig. 2.
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FIG. 2. 8 areas of fls_10s.exe application form for management and visualization
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Areas:
1 - main menu
2 —indicator of current status
3 - visualization and management by current measurement place
4 — place for current measurement data
5 —extend Y graph display axis
6 — chart place for visualization measured data
7 — color marks for graphics in chart place
8 — paths to saved and opened .log files
Main menu (area 1)
Main menu consist of:
Log File context menu for Open and Save log files
Set for connection to measurement device if it was been connected to PC after run
application program

Measurement for : run measurement process
get last measured data
Chart have two sub menu: Show Chart for visualization measured data in dots or lines

Save Chart or save visualization area in .jpg file
Data for save only measured data to .xIs file
Indicator of current status (area 2)
This area is for indication: Connection measurement device
Measurement mode
Current Time of measurement process
Visualization and management by current measurement (area 3)
This area is for switching between 4 measurement windows.
Simple click to radio button for switching and select needed measurement window.
Content of one measurement window can be visible.
Place for current measurement data (area 4)
This area is for measured data which will be received from measurement device after finishing measure-
ment process.
Extend Y graph display axis (area 5)
You can change visualization data in Chart area by Y axis.
Chart place for visualization measured data (area 6)
This area is for visualization data which is placed in 4 measurement windows.
Visualization data should be selected by menu Chart — Show Chart
Color marks for graphics in chart place (area 7)
This is color marks for visualization data which are placed in 4 measurement windows
(green for 1, blue for 2, gray for 3, red for 4 measurement window).
Paths to saved and opened .log files (area 8)
This area is for showing paths for Saved and Opened log file corresponding to the current measurement
window.
Connection
Note:  Current consumption “FLS 10s” device at measurement mode is about 140 mA.
Connect your “FLS 10s” device to your PC via USB port.
The most preferable version of USB port is USB 3.
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Install driver

Note:  The application fls_10s.exe is not work without installed of the correct driver.
Please be sure that you have administration rights on your session. Windows 10 will install necessary
driver automatically after connecting “FLS 10s” device if your PC is connected to the Internet. It will re-
quire some time. Please wait for appropriate notice from Windows.
For older version Windows, driver should be installed manually. Link for downloading corresponding
driver will be provided under request.

Run application

Run fls_10s.exe. If driver for “FLS 10s” device was installed correctly you will see it in area 2 “FLS
connected to: COMx”.
You will see “FLS not connected” in area 2 if appropriate driver not installed correctly. In this case you
will not be able to use “FLS 10s” device, exit from application and install corresponding driver.
The measurement results will be placed in area 4 depending on selected radio button.
Measured results, placed in measurement window, have number and its time mark.
Up to four measured results can be drawn in area 6. This feature is useful for fast comparison different
measured data. It will help to focus attention for main differences in researches investigation. The exam-
ple of such look shown on fig. 3.
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FIG. 3. Example fls_10s.exe application with results of 4 different measurements
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Main menu functions

Run measurement: Measurement — Now — Start
Save measured data: Log File — Save
Open measured data: Log File — Open
Show measured data in Chart area: Chart — Show Chart — Chart in dots
Chart — Show Chart — Chart in lines
Save measured data in xIs format: Data — Save data in .xls format
Results

The "FLS 10s" device was developed for scientific studies of the fluorescent activity of biological
objects, specifically for the study of plant chlorophyll fluorescence, providing data for the well-known
OJIP test. One of the important features of the device is energy saving, which allows you to get high-
guality results with the minimum necessary exposure. This feature allows you not to make irreversible
changes to the research object. FLS 10s is primarily designed to obtain data of the fast phase (dynamic
characteristics) of the fluorescence emission of plant forms, such as chloroplasts, algae, needles, plant
leaves..., in the first 10 seconds of exposure.

Software application "fls_10s.exe" is designed to collect, visualize, analyze and study the obtained
data from "FLS 10s" device. This software will save time and funds for scientists in their investigations.

Conclusion

“FLS 10s” device is useful for researches of: plant stress, early detection of plant and tree diseases,
environmental stress, vegetation index, plant stress phenotyping, tree photosynthesis, fruit quality, detect-
ing of nutrient deficiency, water quality monitoring, detecting of phenolic compounds etc.

Further development of this work will have two directions.

The first is the addition of useful functions for analyzing the received data: such as normalization,
averaging a data array of one type of measurement, comparing averaged data for different types of meas-
urements, calculating standard indicators of the obtained OJIP test data, etc. This improvement will create
a research software environment that will save time and costs on research work.

The second is to improve the technical characteristics of the device and develop various design modi-
fications for convenient use of the device for a specific type of research (for example, to study the content
of biological objects in liquid).
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FLUOROMETER “FLS 10S”

raiay3i BUBUEHHS 0i10JIOriUHUX 00’€KTIB Bike 6araTo poKiB € aKkTyaJbHUM 3aBJAHHIM JUlsl Oarathox cdep Joa-
CbKO1 JisTbHOCTI. 30KpeMa, e Taki cepH, K CUTbChbKE TOCIIOAapPCTBO, SKOJIOTis, Xap4oBa MPOMHUCIIOBICTh Ta
MEIUIHA.

JlaHa cTaTTs MPHUCBSYCHA OMKHCY HEUIOAABHO PO3POOJICHOTO MPWIIAAy JAJsl JAOCTiKeHHs (QayopeceHiii
xsopodiny pocius «FLS 10s», a Takox OmUcy IPOrpaMHOro 3ade3nedyeHHs A poOOTH 3 IPUIaOM Ta aHami3y
otpumManoi inpopmartii. [{eit mpuan Hagae nani noope Bimomoro tecty OJIP.

Bigomo, 1110 MpakTHYHO BCi KIITHHYU MalOTh BIACTUBICTh (IyOpECLEHTHOro BunpoMiHioBaHHs. Ha nanuit
4ac MPOBOJUTHCS 0araTo AOCIHIIKEHb, 00 BUBYUTH II¢ SIBHIIE Ta HOTO MOKIIMBI 3aCTOCYBaHHs. TOMY BlIacTH-
BICTb IJbOT'O IIPOLIECY 3aCTOCOBYEThCS Y Pi3HUX cepax JIoAChKol AisuibHOCTI. e Mikpoximis [1-4], 6ioenepre-
TuKa [5], 6oranika [6—8], 6ionoris [9, 10], exonoris [1-15], xapuoBa mpoMHCIOBICTH [ 16], cinbcbke rocmnoaap-
cTBO [17-24] Tomo. Tinbku Beb-caiit www.ScienceDirect.com mictuts Oinbuie 100000 crareii, nmprcBIYeHNX
JTOCIIDKEHHSIM 13 3aCTOCYBaHHAM (DIyOpPECIEHTHUX BHMIipIOBaHb JJIS PI3HUX 3aCTOCYBaHb. B mepiry uepry e
MOB'SI3aHO 3 THM, L0 BUKOPUCTaHHS ()JIyOPECIIEHTHUX BUMIpIOBaHb J03BOJISIE 3aMiHUTH JIOPOT] Ta TPYILOMIiCTKi
nabopaTopHi BUMipIOBaHHS Ta OTPUMATH O1IBII SKICHI Pe3yJIbTaTH.

Meta podorTu. He3Baxarouu Ha Te, 1[0 Ha JJAHUI 4ac HA CBITOBOMY PUHKY iCHye 06araTo crielianizoBaHHX
(hiyopomeTpiB, BAOCKOHATICHHS TAaKUX MPUIIAIIB Ta BUKOPUCTAHHS 1X y OUIBII 3pyUHHIA CMOCIO, 110 MOB'A3aHO 13
PO3BUTKOM 1HIYCTpii €JIEKTPOHHUX KOMIIOHEHTIB, HEMae MeX. MeTow po3poOku HpUCTPOro (iyopoMerpa
«FLS 10s» Oyio ctBopuTH 6a30BY MOJenb (piayopoMmeTpa Ui BAKOPHCTAHHS Y Pi3HUX cepax 3aCTOCYBaHHS.
IIpiopureTroM y CTBOpeHHi mpunany Oyao HOro 3acTOCyBaHHS Ui HAyKOBUX JIOCHLIXKEHb Oi0NOriuHHX
006’ €eKTiB, 30KpeMa POCIHH i3 3acTocyBaHHAM Bimomoro tecty OJIP [25], sxuii yacTo 3acTocoByioTh [6-9, 17,
21-29]. Tomy, mepii 3a Bce, 1€ JOCIIHKEHHS B Taly3i CiIbChKOTrO TOCHOAAPCTBA Ta eKOJIOTil. Y MallOyTHbOMY
MOTU(IKOBAHHI MPHUCTPil MOKHA OyJe BUKOPHCTOBYBATH B HACTYITHUX BEPCIsAX JJIS arpOHOMIB, €KOJIOTIB Ta B
OcBiTHIX IiIIX. Ha nanuii yac € Gararo HaykoBUX pe3yJbTaTiB, IOB’SI3aHUX 3 BU3HAYEHHSIM PI3HOMAHITHHX
ocobmurBocTel (i3i0I0TIYHOTO CTaHy POCIHH 3a JOMOMOTO IMIBUAKOTO aHAN3y iHAyKIii (ayopecteHii xio-
podiny o . Tomy Mae ceHCc pO3pOOUTH MPUCTPiH, Akuil OyB OM KOMIIAKTHUM, HEJOPOTHM i BilIoBinaB 6u cy-
YacHUM BUMOTaM JUIsl BU3HAUEHHs ()i310JI0TIYHOTO CTaHy POCIMH HAa OCHOBI OTPUMaHHSI OCHOBHHX ITapaMeTpiB
Bigomoro edpekry Kayrcpkoro [30] — nanux OJIP. Orpumanns nanux OJIP npu mBuakii iHaykuii gpuyopeciie-
HIIT XJI0podily BUKOPUCTOBYETHCS MPH TOCIIIKECHHI OB’ A3aHKUX 13 CTAHOM POCIIMH 3a 3MiH KJIIMaTy, MPOIyK-
THUBHICTIO POCJIMH, CETEKI€I0 TOILO.

Pesyabrarn. [punax "FLS 10s" po3pobnenunii s HAyKOBHX TOCTIHKEHb (IIyOPECIIEHTHOT aKTUBHOCTI
GionoriyHux 00'e€KTiB, a came A AOCIHiKEHHs (iryopecueHiii XIopodisly pociuH, HalaHHA IaHUX JIs Bifo-
Mmoro Tecty OJIP. OnHi€ero 3 BaXXIMBUX 0COONMBOCTEH NPHIIaLy € eHepro30epesKeHHsl, 0 JO3BOJISIE OTPUMATH
SKICHUH pe3ynbTaT IIpU MiHIMaJbHO HeoOXinHoMY BIutuBi. L[ GyHKIIS 103BOMIsE HE BHOCUTH HE3BOPOTHI 3Mi-
HH B 00'ekT nociimkenHs. FLS 10s B 0cHOBHOMY NpH3HAUSHHUH JUT1 OTPUMAHHS TaHUX MPO MBHAKY a3y (au-
HaMI4Hi XapaKTepUCTHKN) BUNPOMIHIOBaHHS (IIyopecleHLii pOCIUHHNX (HOPM, TaKUX SIK XJIOPOILIACTH, BOJO-
POCTI, XBOS, JIUCTS POCIIMH..., Y iepii 10 CeKyH]T eKCIO3HIIii.

IMporpamuuii nogatok "fls 10s.exe" npusHaueHuii i 360py, Bi3yamisalii, aHai3y Ta BUBYEHHS OTpUMa-
Hux naHux 3 npuctporo "FLS 10s". I{e nporpamue 3a0e3rneucHHs 3a01[aIUTh Yac i KOIITH HAYKOBIIB y IXHIX
JIOCIIiIXKEHHSIX.

Buchosok. Ilpuctpiit «FLS 10s» kopucHHI Ui JOCHTIPKEHB: CTPECY POCIHH, PAHHBOTO BUSBJICHHS XBO-
po0 pociuH i 1epeB, eKOJIOTIYHOTO CTPeCy, 1HICKCY BereTarii, )eHOTUIYBaHHS CTPECY POCIUH, (POTOCHHTE3Y
JIepeB, SIKOCTI TUIOAIB, BUSBICHHS JeilUTy HOXXUBHAX PEYOBUH, MOHITOPHHTY SIKOCTI BOJH, BUSBICHHS (EeHO-
JIBHUX CHOJYK TOILO.

IMoxanpmmit po3BUTOK Li€i pOOOTH MaTUME JBa HATIPSIMKH.

IMo-nepiue, 1ie 1ogaBaHHsA KOPUCHUX (GYHKLIHM A aHATi3y OTPUMAHMX JaHUX: HOpMasli3alisi, ycepeaHeH-
HSl MacHBY JIJaHUX OJHOTO THITYy BUMIipIOBaHb, TOPIBHSHHS yCePEIHEHUX TAHUX MU Pi3HUX THUIIB BEUMIpPIOBAHb,
PO3paxyHOK CTaHIAPTHHUX TMOKa3HUKIB oTpuMaHux naHux Tecty OJIP Tomo. Y 1ockoHaIeHHS! CTBOPUTH TOCTIA-
HUIBKE MPOTPaMHe CEPEIOBUILE, SIKE 3a0IIaANTh Yac i BUTPATH Ha JOCIiTHUIBKY POOOTY.

ITo mpyre, 11e HOKpAIEHHS TEXHIYHUX XapaKTEePUCTHK MpUIaLy Ta po3poOKa pisHOMaHITHUX Moandikariit
KOHCTPYKIIi JUISl 3pyYHOCTI BUKOPUCTAHHS HPHIay Ul NEBHOTO BHIY JOCTIDKEHb (HANPHKIAM, U TOCIHi-
JOKEHHsI BMICTY 010JI0TiYHHX 00’ €KTIB y PiJyHi).

Kuarouosi cioBa: duyopecuenuis, ¢pyopomerp, BUMipioBanHs ¢uryopecieHuii, epext Kayrcpkoro, Tect
OJIP, inaykuis guryopecueHiii, mBuAKa iHayKiis GuryopecueHIii xiopodiny a.

ISSN 2707-4501. Cybernetics and Computer Technologies. 2024, No.3 95



