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Projekta merkis un sagaidamie rezultati

- izveidot rentablu, autonomu kompaktu lazeru speklu attélosanas sistemu
mikroorganismu skaitisanai un klasificésanai;

- validét mikroorganismu skaitiSanas un klasifikacijas sistému laboratorijas
vide;

- validet mikroorganismu skaitisanas un klasifikacijas sistému realaja vide;

- izstradat protokola priekslikumu jaunai standartmetodei mikroorganismu
skaitiSanai;

- iesniegt 9 zinatniskus rakstus zurnalos vai konferenCu materialos, kas citéti

SCOPUS vai Web of Science datubazés. Tris no tiem — brivpieejas recenzétos
zurnalos, kuru citésanas indekss sasniedz vismaz 50% no nozares vidéja.
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Vadosais partneris, sistémas testi laboratorijas vide WP2, WP4

Vadosais pétnieks Aleksejs Lihacovs
Vadosais pétnieks Dr. biol. Janis Liepins
Vadosais pétnieks Dr. fiz llze Lihacova
Laborants biol. Fak. bak. studente Anitra Zile

Algoritmu un sistémas izstrade WP1, WP4

Vadosais pétnieks Dr.sci.ing. Dmitrijs Bliznuks
Vadosais péetnieks Dr.sci.ing. Katrina Bolocko
Pétnieks Dr.sci.ing. Andrejs Bondarenko

Sistemas testi realaja vidé WP3, WP4

Eksperts Edgars Baranovics

Eksperts Dzintars Rozitis

Eksperts Vilens Jumucs

Eksperts Dr.biol. leva Bérzina

Laboratni: Stivens Zolins, llya Balmages, Ernests Tomass Auzins



IstenoSanas laika grafiks
Vidusposms

Nr.p.k. Projekta darbibas numurs 2020. 2021. 2022. 2023.
Til2e [3e |4 1|2 (30| 4012 | 314|232

its Autonomas un kompaktas lazeru speklu attéloSanas ierices izveide baktériju skaitiS3anai un klasificé3anai . X | X |X | X [X XX |X [X [X[X[X

1 Kompakta prototipa ierices izstrade mikrobu augSanas monitoringam baltas gaismas un lazera apgaismojuma . X | X |X |X

12 "Kopéja skaita” funkcijas ievieSana kompaktaja iericé, izmantojot lazera speklu analizi . X X X X XX

1.3 ANN apmaciba mikrobu koloniju klasifikacijai . X X X X X XX X X X

1.4. Pilnas funkcionésanas kompaktas ierices ar iegultu ANN projektéSana un uzlabosana . X | X [X [X [X [X

2. Sistémas testi laboratorijas vidé . X |[X |[X X [X XX |X |[X [X X |X

21, Augéanas jtestt,! veikigna, lai attistiey Sistémas mikroorganismu "kopéja skaita" funkciju izmantojot references un no analizu I x x x x x xIx x

materiala izdalttos mikroorganismu celmus

2.2 Mikroorganismu references celmu aug3anas testi uz specifiskam atlases barotném, lai uzkratu attélu masivu ANN apmacibai . X X X X X XX X X X X

2.3 Sistémas darbibas parbaude reéalos laboratorijas apstaklos izmantojot nezinamus mikroorganismu celmus . X X |X

8 Sistémas testi reala vidé . X |X | X [X

% Sistémas darbibas verifikacija Auctoritas laboratorija izmantojot vismaz 3 ISO vai GOST standartmetodes . X |X |X [X

3.2 Jaunas standartmetodes atisti3ana, tas validacija pret "zelta standartu” (manualu KVV skaitisanu) . X X

4. Publicitate un izplatiSsana . X |X | X X [X XX |X |X[X[X[X

4.1. Projekta rezultatu publicé3ana un izplatidana . X | X |X X [X XX |X [X [X [X[X

4.2. Zinatibas apraksta sagatavo3ana licencé3anai . X |X



Planotie vidusposma rezultati

* D1.1 lerobezoto funkciju ierices prototips.

* D1.2 Progresa parskats par algoritmu izstradi, kuri ir spéjigi
detektét baktériju augsanu un definét koloniju skaitu.

* D2.1 Progresa parskats par sistémas darbibas efektivitati, veicot
kopigo koloniju veidojoso vienibu uzskaiti.

* 3 Scopus publikacijas, ieskaitot vienu ar citésanas indeksu >50%.
* 3 prezentacijas konferences.



WP1 lerobezoto funkciju ierices prototips (D1.1)
RTU

levietota jauna, efektiva lazerdiode. Lazerdiode papildinata ar optisko sistému, kas nodrosina vienmeérigu
apgaismojumu Petri platé.



WP1 Progresa parskats par algoritmu izstradi, kas detekté baktériju augsanu un definé koloniju skaitu (D1.2)
RTU, SIA «Laboratorija Auctoritas»

(c) CFU segmentation by U-Net++ (d) CFU segmentation by Plain U-Net

Figure 1. Overall, multi-path U-Net architecture. The input layer is shown in terms of a typical CFU
image followed by the ramification into two separate pathways. All convolutional layers are shown
in light-orange with the subscripted number of filters, which amounts to a 3 x 3 kernel, followed
by instance normalization and leaky ReLU activation. The spatial dropout layer is shown in violet,
the max pooling layer in red, and the deconvolutional layer is shown in light-blue. Concatenation
layers are depicted in light-gray. Interconnecting and final output layers are captioned and displayed
in green and yellow, respectively. All normal pathways are illustrated in green arrow lines, while
skip-connections are depicted in blue. Best viewed in color.

m U-Net++
= Plain U-Net
= Dense U-Net

06 = MultiRes U-Net
= Multi-Path U-Net
04
03
02
0.1
0

[1,44] [44, 88] (881311  [131,174]  [174,218]  [218,261]  [261,304] (e) CFU segmentation by MultiRes U-Net  (f) CFU segmentation by Multi-Path U-Net

Bins

Accuracy
o
w

Vilen Jumutc, Dmitrijs Bliznuks, and Alexey Lihachev, Multi-Path U-Net Architecture for Cell and CFU Image Segmentation, ID sensors-1522220, mdpi Sensors, accepted 2022.



WP1, WP2 Algoritma izstrade un aprobacija laboratorijas vidé

LU, RTU

White LED

1)Performing a two- dimensional normalized
correlation between a fragment of the image
allows you to find the changes in the speckle
image that occur as a result of dynamic activity.
2)Finding the location off set of the maximum
correlation value determines the changes that
occurred between frames.

3)To find a more accurate value of the offset,
interpolation was performed within the
maximum of the correlation function.

4)It is necessary to consider previous offsets.
Therefore, the offsets obtained between each
pair of adjacent samples accumulate.*

2021); https://doi.org/10.1117/12.2615444
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*|lya Balmages et al., "Laser speckle imaging reveals bacterial activity within colony," Proc. SPIE 11920, Diffuse Optical Spectroscopy and Imaging VIII, 1192024 (9 December



WP2 Laser speckle imaging reveals bacterial activity within colony
LU, RTU
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WP2 Sistéemas testi laboratorijas vide

LU, RTU
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Colony peak activity curve as a function of time of the
V natriegens (blue), E. coli (red) and S. aureus (green)
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Turpmakie soli

* Planotas 6 prezentacijas konferencés

* +2 zinatniskie raksti ar citésanas indeksu >50%
* +4 konferencu raksti

e Sistéemas testi realaja vidé WP3

* ERANET, FLPP, ERC, Deep Tech Start Up

ERAF 5. karta

«Antibakterialas rezistences atras novertésanas sistéma
pacientiem ar sekundaram bakterialam infekcijam»
Zinatniskais vaditajs llze LihaCova




1.3. Projekta sasniegtie uzraudzibas raditaji atbilstosi normativajos aktos par attieciga Eiropas
Savienibas fonda specifiska atbalsta mérka vai pasikuma Istenofanu noraditajiem:

Izndkuma raditaji

Sasniegta vértiba Plan_ota gala
vértiba -
R MeEérvieniba
Nr. Raditaja nosaukums Planota SAIRYEruba
gads (sasniegta
starpyértiha)
Jaunu pé@tnieku skaits atbalstitajis vienibas Pilnslodzes.
L. (pilnas slodzes ekvivalents) 2021 1(1,24) 2.2 ekvivalents
Zinatnisko rakstu skaits, kuru izstradei un Zinatnisko
2 publicE%anai sniegts atbalsts projekta ietvaros 2021 3 (3 ) 9 rakstu skaits
Originali zindtniskie raksti, kas publicéti
Zurnalos vai konferenéu rakstu krajumos, kuru Zinatnisko
2.1. i .
cité¥anas indekss sasniedz vismaz 50 procentus 2021 1) 3 rakstu skaits
no nozares vidgja citéfanas indeksa
Originali zinatniskie raksti, kas publicéti Web
of Science vai SCOPUS (A vai B) datubazes Zinatnisko
2.2. .
iekJautos Zurnalos wvai konferenéu rakstu 2021 3 (3) 9 rakstu skaits
krajumos
Jaunu produktu un tehnologiju skaits, kas ir Produktu un
3. komercializ€jamas un kuru izstradei sniegts | 2021 0 1 tehnologiju
atbalsts projekta ietvaros skaits
Jauna produkta vai jaunas tehnologijas, tai Prototipu
4. skaitd metodes, prototips 2021 0 1 skaits
Jaunas nekomercializ€jamas arstniecibas un . .
> diagnostikas metodes 2021 0 0 Metozu skaits
6. Ifltelclvituala Ipafuma licences vai nodoSanas 2021 0 1 Ligusm skaits
ligumi
Privatas investicijas, kas papildina valsts 19428.40
7. atbalstu inovicijam vai petniecibas un izstrades | 202 1 ? 38856,80 EUR
projektiem (1 8734582)
Komersantu  skaits, kuri sadarbojas ar .
8. pétniecibas organizaciju 2021 1 (1) 1 Komersanti
Citi pé&tfjuma specifikai atbilstoSi projekta .
9. | rezultat (tai skaita dati) 2021 33) 12 Skaits
10. | Tehnologiju tiesibas - patenti 2021 0 0 Patentu skaits
PP - o o Nematerialo
11. | Tehnologiju tiesibas - citi nematerialie aktivi 2021 0 1 akitivu skaits
Jauno zinatnieku skaits (pilnas slodzes
ekvivalents), kuriem projekta Tstenofanas Pilnslod
: : : : : ilnslodzes
12. 1etv.aros p11n.ve1dota kompetence, 1eska1_tot 2021 0,75 (0,8) 1,5 ekvivalents
karjeras izaugsmes  un personila
atjaunotnes procesus'




Publikacijas:

1. llya Balmages, Janis Liepins, Dmitrijs Bliznuks, Stivens Zolins, llze Lihacova, Alexey Lihachev, "Laser speckle imaging reveals
bacterial activity within colony," Proc. SPIE 11920, Diffuse Optical Spectroscopy and Imaging VIIl, 1192024 (9 December 2021);
https://doi.org/10.1117/12.2615444

2. A. Lihachey, D. Bliznuks, J. Liepins, and I. Lihacova, Laser Applications for Estimation of Microbial Activity and Investigation of NIR
Skin Autofluorescence, Journal of Biomedical Photonics & Engineering, vol. 7, no. 4, p. 040305, Nov. 2021.

3. Vilen Jumutc, Dmitrijs Bliznuks, and Alexey Lihachev, Multi-Path U-Net Architecture for Cell and CFU Image Segmentation, ID

sensors-1522220, Mdpi Sensors, accepted 2022.

Zinojumi konferences:

1. llya Balmages, Janis Liepins, Dmitrijs Bliznuks, Stivens Zolins, llze Lihacova, Alexey Lihachev, "Laser speckle imaging reveals
bacterial activity within colony, European Conferences on Biomedical Optics, 2021, Online Only.

2. Janis Liepins, Application of laser speckles for CFU counting, UL scientific conference, 21.02.2020.

3. Aleksejs Lihacovs, Janis Liepins, D. Bliznuks, I. Balmages, S. Zolins. Fast and non-contact optical estimation of microorganisms

4.

activity, UL scientific conference, 12.02.2021.

llya Balmages et al., Evaluation of microbial colony growth parameters by laser speckle imaging, SPIE Photonics Europe 2022,
accepted for oral presentation, scheduled for 3 - 7 April 2022, Strasbourg, France.

Zinojumi seminaros, publiskos pasakumos, socialajos médijos:

1. Aleksejs Lihacovs, Dmitrijs Bliznuks and Edgars BaranovicCs, project reports at UL Institute of Atomic Physics and Spectroscopy,
17.12.2020 and 27.01.2022.

2. Janis Liepins, To see invisible or detection of microbial colonies for faster contamination assessment (in latvian), University of
Latvia New Technologies and Innovations Day 2021, 20.05.2021.

3. Aleksejs  Lihacdovs, Demonstration of project results, Researchers Night (in latvian), available  at:
https://www.youtube.com/watch?v=-T1FGM3]XQY 30.04.2021.

4. UL communication depatament and Janis Liepins, “Latvian scientists are creating a method for faster detection of microbiological
contamination” (in latvian, 2021, leading news portal -Delfi) available at: https://www.delfi.lv/campus/raksti/latvijas-zinatnieki-
rada-metodi-atrakal-mikrobiologiska-piesarnojuma-konstatesanai?id=53723945

5. Regular publishing of experimental data in youtube channel, available at

https://www.youtube.com/channel/UCWLMGgXHcj2FtQt7XW0G1wg /featured



https://doi.org/10.1117/12.2615444
https://www.youtube.com/watch?v=-T1FGM3jXQY
https://www.delfi.lv/campus/raksti/latvijas-zinatnieki-rada-metodi-atrakai-mikrobiologiska-piesarnojuma-konstatesanai?id=53723945
https://www.youtube.com/channel/UCwLMGqXHcj2FtQt7XW0G1wg/featured
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