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A1 - Ivanov, B., Nedkova, K., Stoykova, E., Real-time monitoring of white
light source characteristics in a correlation Fourier spectrometer,
(2004) Proceedings of SPIE, 5478, pp. 245-252, vol. DOI:
10.1117/12.560985, ISSN: 0277786X

ABSTRACT

The high temporal resolution and accuracy of spectrum restoration achieved with a correlation
Fourier spectrometer substantially depend on the precise knowledge of the optical
characteristics of the used operating white light source. However, the beforehand calibration of
this source does not guarantee avoiding of errors due to random disturbances during
spectrometer's operation. In the present work we solved two tasks. We analyzed the noise
sources in a three-channel Fourier spectrometer with simultaneous recording of interferograms
for the etalon light source, for the operating source and for the investigated sample using Monte-
Carlo simulations. As a second task we made a prototype of a correlation Fourier spectrometer
and simulated the real-time tracking of changes in autocorrelation functions of different
semiconductor light sources (LD, LED and high-power LED) using the measured
interferograms. We proposed an analogous feedback system to perform a current correction of
the autocorrelation of the operating light source following the changes in the autocorrelation
function of the etalon source.

PE3IOME

Bucokara BpemeBa pa3fenuTenHa CIOCOOHOCT U BHCOKaTa TOYHOCT Ha BB3CTAaHOBSIBAHE Ha
CIICKTbpa, NMOCTUTHATHU C KOPCIAIMOHCH CDypHe CIICKTPOMETDHP, 3aBUCAT 3HAYUTCIIHO OT
TOYHOTO IMO3HABAHC HAa OINTHUYHUTEC XAPAKTCPHUCTHUKU HA HU3IIO0JI3BAHUSA pa60T€H N3TOYHUK Ha
Osuta cBeT/IMHA. BbIpeku ToBa, MPEABApPUTEIHOTO KadMOpUpaHE HA TO3W H3TOYHUK HE
rapaHThpa n30ATrBaHETO HA TPEUIKH, IBJIKAIIH Ce Ha CITyYailHU CMYIIIEHUS TIO BpeMe Ha paboTa
Ha crieKTpoMeThpa. B HacTosmara pabora pemmxme a8e 3a1a4u. AHATU3UPaXMe U3TOUHULIUTE
Ha IIyM B TpuKaHaleH @Dypue CIEKTPOMETbpD 4Ype3 €IHOBPEMEHHO 3alicBaHe Ha
uHTepdeporpaMu 3a €TaJOHHUS M3TOYHHK Ha CBETIMHA, 3a paOOTHHS HU3TOYHUK M 3a
u3cienBaHaTa mpoba, Kato usnoia3Baxme ,,Monrte-Kapno* cumymanuu. Kato BTOpa 3amada



HampaBUXMe€ MPOTOTHI Ha KopenauuoHeH @DypHe CHEKTPOMETbP U CUMYJIHpaxMme
MPOCJEeIIBAHETO B pPEAHO BpEeME Ha MIPOMEHUTE B AaBTOKOPEJIALMOHHHUTE (PYHKIHMU Ha
pa3IUYHU MOTYTPOBOAHIUKOBY M3TOUHHIM Ha cBeTIrHa (LD, LED u LED c Bucoka MomtHocCT).
W3nons3Baiiku  u3MepeHute uHTepdeporpamMu Ha  HOJYNPOBOJHUKOBUTE CBETIIMHHU
W3TOYHUIINA; HUE MPEAJIOKUXME aHAJOroBa CHUCTEMa 3a oOpaTHa Bph3Ka 3a M3BBPIIBAHE Ha
TEKyIlIa KOPEKIUsl Ha aBTOKOpeNanusaTa Ha pabOTHUS CBETJIMHEH M3TOYHHUK CJIe/l MPOMEHU B
aBTOKOpeNTaluoHHaTa (PYHKINS HA €TAIOHHUS CBETIUHEH U3TOYHHK.

A2 - Stoykova, E., Ilvanov, B., White light Fourier spectrometer: Monte-
Carlo noise analysis and test measurements, (2007) Proceedings of
SPIE, vol. 6616 (PART 1), art. no. 66161M, DOI: 10.1117/12.726301,
ISSN: 0277786X, ISBN: 0819467588; 9780819467584

ABSTRACT

This work reports on investigation of the sensitivity of a Fourier-transform spectrometer to
noise sources based on Monte-Carlo simulation of measurement of a single spectrum.
Flexibility of this approach permits easily to imitate various noise contaminations of the
interferograms and to obtain statistically reliable results for widely varying noise
characteristics. More specifically, we evaluate the accuracy of restoration of a single absorption
peak for the cases of an additive detection noise and the noise which adds a fluctuating
component to the carrier frequency in the source and the measurement channel of the
interferometer. Comparison of spectra of an etalon He-Ne source calculated from more than
200 measured interferograms with the true spectrum supports a hypothesis that the latter
fluctuations have characteristics of a coloured noise. Taking into account that the signal-to-
noise ratio in the Fourier spectroscopy is constantly increasing, we focus on limitations on the
achievable accuracy of spectrum restoration that are set by this type of noise which modifies
the shape of the recorded interferograms. We present also results of the test measurements of
the spectrum of a laser diode chosen as a test source using a three-channel Fourier spectroscopic
system based on a white-sourced Michelson interferometer realized with the Twyman-Green
scheme.

The obtained results exhibit that fluctuations in the current displacement of the movable mirror
of the interferometer should remain below 20 nm to restore the absorption spectrum with
acceptable accuracy, especially at higher frequency bandwidth of the fluctuations.

PE3IOME

Ta3u pabora nokiazBa 3a M3CleABaHE HAa UyBCTBUTENHOCTTa, HA Dypue TpaHchOopMalOHEH
CHEKTPOMETHP KbM M3TOYHHUIUTE HA IIYM Bb3 OCHOBa Ha ,,MoHTe-Kapio® cumynanus npu
M3MEpBaHE Ha €IMHUYEH CHEKThp. ['bBKaBOCTTa Ha TO3M MOAXO] MO3BOJISIBA JIECHO Ja ce
UMUTHpAT pa3jIMYHU ILIYMOBH 3aMbpCSBaHMS Ha HHTepdeporpaMmre M Ja ce Moiyyar
CTaTHUCTUYECKU HAJEKIAHHU PE3YJITATH 3a IIMPOKO BApUPALIU XapaKTEPUCTUKU Ha myma. [lo-
KOHKPETHO, HUE OIIEHsBaME€ TOYHOCTTAa Ha BH3CTAHOBSBAHE Ha €MH MUK Ha abcopOuus, 3a
CllydauTe Ha JONBJIHUTENCH IIyM, W HIyM KOWTO 100aBs (piayKTyHpaiia KOMIOHEHTa KbM
HOCeEIIaTa YeCTOTa Ha M3TOYHHMKA B U3MEpBATEIHUS KaHal Ha uHTepdepomeTspa. CpaBHEHHETO
Ha CIIEKTPUTE Ha U3TOUYHUK Ha CBETJIMHA U Ha eTasioHeH He-Ne na3ep, H34uciieHo oT oBeye oT
200 m3MepeHH HHTEpPQEPOrpaMu CHPSMO HCTHHCKHS CIEKTBp, MOAKpENsS XWUIOoTe3aTa, de



nocneaHnTe GIyKTyaryu UMaT XapakKTepUCTHKN Ha 1BeTeH mryM. KaTto ce nma B mpenBua, de
CHOTHOLICHUETO CUTHAJ/IIYM BB Dypre CIeKTPOCKONHUATa HETIPEKbCHATO CE yBEIMYaBa, HAE
ce (oxycmpaxme BBpPXY OTpaHHUYCHHATA HA MOCTHXMMAaTa TOYHOCT 32 BBH3CTAHOBSBAHE HA
CIIEKThpa, KOUTO CE 3aJaBaT OT TO3W TUI LIyM, KaTo ce MPOMEHAT (pOpMHUTE HA 3aMHCaHUTE
unTepdpeporpamu. [Ipencrapsime ChIIO pe3ysNTaTH OT TECTOBU M3MEpBAHMs Ha CHEKTbpa Ha
Ja3epeH AMoA, M30paH KaTo TECTOB M3TOYHHUK, H3MOJ3BaKM TpuKkaHamHa @Dypue
CIEKTPOCKOIICKA CUCTEeMa, Oa3upaHa Ha UHTEpPEepoMEThp Ha MaiikelICOoH ¢ Osul U3TOYHUK Ha
CBETJIMHA, pealM3upaH 10 cxemara Ha ,, | BaumaH-I puiin*.

[Tonmyuyenure pe3ynTaTu MOKasBar, ye (GIyKTyaluuTe B TEKYILIOTO U3MECTBAHE HA MOABUKHOTO
oryenano Ha uHTepdepomeTspa TpsAOBa Aa octanat noa 20 nm, 3a 1a ce Bb3CTAaHOBU CHEKTHPBT
Ha MONIBIIAHE C IpHUEMIIUBA TOYHOCT, OCOOCHO IpU II0-BUCOKA YECTOTHA JIEHTAa Ha
¢bykTyanuure.

A3 - Nedkova, K., Ivanov, B. Stoykova, E., Method for precise
measurement of optical characteristics of light sources with correlation
Fourier spectrometer, (2003) Proceedings of SPIE, vol. 5449, pp. 372-
379, DOI: 10.1117/12.563207, ISSN: 0277786X, CODEN: PSISD

ABSTRACT

Observation of ultra-fast relaxation processes with time-constants below 1 ps in a wide spectral
range can be made using a low-coherent light source, which is equivalent to a very short pulse
in the non-linear correlation spectroscopy. The same approach can be used for very accurate
and practically in real time determination of spectra of coherent and non-coherent light sources
by recording and processing of their correlation functions. To check the proposed approach, we
made a prototype of a correlation Fourier spectrometer based on a Michaelson interferometer
and we developed a method for processing of the recorded interferograms which had been
proved by a Monte-Carlo simulation. Different semiconductor light sources (LD, LED and
high-power LED) were tested. The good quality of the obtained spectra was confirmed by
comparison with OSA measurements (resolution 0.28 nm). The time required for data recording
and spectrum restoration is within few seconds. This permits current tuning of the investigated
sources, which extends their possible applications in spectroscopy, optical communications,
computer technologies, etc.

PE3IOME

HabmroneHneTo Ha cBpbXOBpP3M MPOLIECH HA peakcalus ¢ BpeMEBH KOHCTAaHTH 1moja 1 ps B
LIIMPOK CHEKTPAJEH [Iuana3oH MOXE Ja €€ M3BBPIIM C IOMOINTAa HAa HUCKOKOXEPEHTEH
CBETIMHEH W3TOYHHMK, KOWTO € EKBUBAJCHTEH HAa MHOIO KpAaTbK CBETIMHEH HMILYJIC B
HEJIMHEWHATa KOpeJlalnoHHa ClIEKTpocKonus. ChIUAT MOAXO0. MOXKE Jja C€ U3M0JI3Ba 32 MHOTO
TOYHO M TPAaKTHUYECKH B PEAJTHO BpEME OINpEACHsHE Ha CHEKTPUTE Ha KOXEPEHTHU U
HEKOXEPEHTHH W3TOYHHUIIM Ha CBETJIMHA 4Ype3 3anucBaHe M 00paboTka Ha TEXHUTE
KOpeJauroHHU (QyHKUIUH. 3a a MPOBEPUM IPEIUIOKEHUS MMOIX0/], HapaBUXMe MPOTOTHUIT Ha
KopenannoHeH @Dypue CHeKTpoMeTbp, OazupaH Ha HHTephepoMeTsp Ha MaHKBICOH, U
pa3paboTuxMe MeTo 3a 00paboTKa Ha 3amucaHuTe UHTepdeporpamu, KOHTO Oelle J10Ka3aH
ype3 cuMynanus ,,MonTe-Kapno®. TecTBaHM ca pa3InyHU MOITYTPOBOJHUKOBU U3TOYHUIM HA
ceernuHa (LD, LED u LED ¢ Bucoka momHocT). JJoOpOTO KauyecTBO Ha MOIyYEHUTE CIIEKTPH



Oemre mOoTBBpAEHO upe3 cpaBHeHHe ¢ OSA m3mepBanus (¢ pesomorus 0.28 nm). Bpemero,
HE00XO0IMMO 32 3aITUC Ha IAaHHUTE U 32 Bb3CTAHOBSBAHE HA CIICKTHPA € B PAMKUTE Ha HIKOJIKO
cexkyHau. ToBa Mmo3BOJIsIBA JJOHACTPOWKA 1O BpeMe Ha padoTa Ha M3CICIBAHUTE CBETIMHHU
W3TOYHUIIH, KOETO PA3IIUPSBAa BE3MOKHUTE MM MPHJIOKEHHS B CIIEKTPOCKOTHSTA, ONTHYHUTE
KOMYHHKAIUH, KOMITIOTHPHUTE TEXHOJIOTHH U JP.

A4 - Kang, H., Stoykova, E., Berberova, N., Park, J., Nazarova, D., Park,
J.S., Kim, Y., Hong, S., lvanov, B., Malinowski, N., Three-dimensional
imaging of cultural heritage artifacts with holographic printers, (2017)
Proceedings of SPIE, vol. 10226, art. no. 1022611, DOI:
10.1117/12.2262068, ISSN: 0277786X, ISBN: 9781510609532

ABSTRACT

Holography is defined as a two-steps process of capture and reconstruction of the light
wavefront scattered from three-dimensional (3D) objects. Capture of the wavefront is possible
due to encoding of both amplitude and phase in the hologram as a result of interference of the
light beam coming from the object and mutually coherent reference beam. Three-dimensional
imaging provided by holography motivates development of digital holographic imaging
methods based on computer generation of holograms as a holographic display or a holographic
printer. The holographic printing technigue relies on combining digital 3D object representation
and encoding of the holographic data with recording of analog white light viewable reflection
holograms. The paper considers 3D contents generation for a holographic stereogram printer
and a wavefront printer as a means of analogue recording of specific artifacts which are
complicated objects with regards to conventional analog holography restrictions.

PE3IOME

Xonorpadusara ce ompezens Karo JByeTaleH IMpoLEeC Ha YJIaBsHE M PEKOHCTPYKLUS Ha
CBETJIMHHUSA BBIHOB (POHT, pasnpbcHAT oT TpuudMmepHu (3D) obextu. YnaBsHeTo Ha
BBJIHOBUA ()POHT € Bb3MOXKHO OJlarofjapeHue Ha KOJAMPAHETO KaKTO Ha aMIUIUTY/1aTa, Taka U
Ha (¢azata B XoJjorpamara, B pe3yiTaT Ha UHTEeppEpeHLrs Ha CBETIMHHHS b4, MJBAIL OT
o0eKTa, ¥ B3aUMHO KOXEpEeHTHHUS pedepeHTeH Ibd. TpuuzMepHoTO N300pakeHne, OCUTypeHo
oT xonorpadusara, MOTUBUPA Pa3BUTHETO Ha HU(POBU Xoiorpadcku MeToiu 3a u300pas3siBaHe,
0a3upaHy Ha KOMIIIOTBPHO I€HEpUpAaHE Ha XOJOIPaMH, KAaTO XOJOrpa)CKU TUCIIEH WU
xosnorpadcku npuHTepu. TexHukaTa Ha XoJjorpackus redar pa3uuTa Ha KOMOMHHpaHE Ha
uudposo 3D mpenacraBsiHe Ha 0OEKTH M KOJHMpaHe Ha XOJorpadckuTe JaHHU ChC 3allUC Ha
aHAJIOTOBU OTpa)KaTeJTHM XoJorpaMM BHUIAMMHU B Osna cBeminHa. CraTvsara pasriexzaa
reHepupaHero Ha 3D chbabpkaHMe 3a XoJOrpa)CKd CTEpeorpaMeH HpPUHTEP U BHIHOB
(GpoHTaJIeH IPUHTEP KaTO CPEICTBO 3a aHAIOI0OB 3alKC Ha cnenuduyHy apTeakTu, KOUTO ca
CJIO’KHU OOEKTH 0 OTHOILIEHHE Ha KOHBEHIIMOHATHUTE aHAIOT OB XOJIOTpa(CKH OrpaHHUYEHHS.

AS - Lyubenova, T., Stoykova, E., lvanov, B., Van Paepegem, W., Degrieck,
A., Sainov, V., Full-field stress analysis by holographic phase-stepping
implementation of the photoelastic-coating method, (2012) Physica
Scripta, (T149), art. no. 014022, DOI: 10.1088/0031-
8949/2012/T149/014022, ISSN: 00318949
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ABSTRACT

In this paper, we describe a system for polariscopic and holographic phase-shifting
implementation of the photoelastic-coating method for a full-field stress analysis. The easiest
way to build the combined system is to employ a laser light source. However, coherent
illumination introduces a signal-dependent speckle noise which worsens the accurate phase
estimation and unwrapping. To answer the question of how it affects the phase retrieval of
isochromatics, isoclinics and isopachics, we modeled in the present paper the phase-shifting
photoelastic measurement in the presence of speckle noise through the calculation of the
complex amplitudes in a Mach-Zender interferometer combined with a circular polariscope and
made denoising of simulated and experimental fringe patterns. The latter were recorded at pure
tensile load for PhotoStress®-coated samples with a mechanical stress concentrator.

PE3IOME

B Ta3m cratus HuMe omMcBaMe cuUCTeMa 3a MOJIIPUCKONUYHO U Xxojorpadcko ¢a3zoBo
OTMeCTBaHe 4pe3 (OTOeNTaCTUYHO NOKPUTHE, 32 aHATIM3 Ha ITBJIHOTO T0JIe HA HANIPE)KEHHSTA B
oOpazen. Haili-necHUAT HauuMH 3a U3TPAXKAAHETO HAa KOMOMHMpaHaTa CHCTEMa € 4pe3
M3I0JI3BAaHETO HA JIA36pEH MU3TOYHMK HA CBETJIMHA. BBIPEKH TOBA, KOXEPEHTHOTO OCBETABAHE
BBBEXK/IA 3aBHCHUM OT CUTHAJIa CIIEKbJ IIyM, KOMTO BJOIIaBa TOYHATA OICHKA Ha (hazaTta mpH
HEIHOTO M3BIMYAHE OT CHTHajla. 3a Ja OTTOBOPMM Ha BBIIPOCAa KaK TOBA CE OTpas3siBa Ha
BB3CTAHOBSIBAHETO Ha (pazaTa Ha M30XPOMATHKATA, W3OKIMHUKATA W H30IAXHUKaTa, HUE
MOJIEIUPAXME B HACTOSIIATA CTaTUs (POTOETACTUYHOTO U3MEPBAHE Ha (Pa30BOTO U3MECTBAHE B
MIPUCBCTBUETO Ha CHEKBJI IIyM Ype3 H3YUCISIBAHE HA KOMIUIEKCHUTE aMIUINTYAU B
unteppepomersp Ha ,,Max-llennep xkomMOWHHpaH C KPbBroB MOJSPUCKON U HaIPaBEHO
o0e3lymMsiBaHE Ha CHMYJIMpPAaHUS W EKCIEPUMEHTATHUS MOJETU Ha HHTephepeHUHUTE
npberenu. [locnennure 6s1xa 3anyMcaHy Mpy YUCTO HATOBApBaHE HA OIBbH 3a MPOOU MOKPUTHU C
PhotoStress® nokpuTue n MEXaHMYHO HATIPABEH KOHIIEHTPATOP HA HATIPEKECHHUE.

AG6 - lvanov, B., Stoykova, E., Berberova, N., Nikova, T., Krumov, E.,
Malinowski, N., Dynamic speckle technique as a leaf contamination
sensor, (2013) Bulgarian Chemical Communications, 45 (SPEC. ISSUE
B), pp. 149-153, ISSN: 08619808

ABSTRACT

The phenomenon of laser speckle yields information about physical, chemical or biological
activity in time for various objects (e.g. fruits, seeds, coatings) through statistical description of
speckle dynamics. The paper introduces analysis of dynamic speckle patterns as an effective
leaf contamination sensor by non-destructive whole-field characterization of the tested samples
with high spatial and temporal resolution. More specifically, the paper presents the results of
two test experiments in order to detect any variation of activity related to increase of humidity
or treatment by chemical agents. In total, time sequences of 256 images of speckle patterns
were recorded and processed by pointwise implementation of correlation-based algorithms. The
experiments proved the ability of this approach to differentiate between differently treated
leaves.



PE3IOME

SIBneHneTo J1azepeH CIEKBJI I03BOJIsABA IPOCIEAsIBAaHE HA CKOPOCTTa Ha IIPOTHYAHE Ha
(GU3NYHN, XUMAYHHA WM OMOJIOTUYHU MPOLECH B PA3UYHU O0EKTH KaTo HAIPHMEp IUIOIOBE,
CEMEHA, IIOKPUTHS M JPYrH 4Ype3 CTATUCTUYECKO OINHUCAHME Ha JAVMHAMHUKATA HA CIEKBI
KapTHHATa BbPXY MOBBPXHOCTTA Ha Te3u oO0ekTH. HacTosmara paboTa BbBeX/1a aHAIM3a Ha
M3MEHALM CE€ BbB BPEMETO CIEKBJ KapTHMHM KAaTO Hepas3pyllaBallla CEH30pHA TEXHMKA 3a
3aMBbpCSABAaHUS HA JIMCTAa Ha PACTEHMsA. XapaKTep3UpaHETO Ha OO0pa3LuTe ce HU3BbPLIBA
MapaJIeHO IO Is1aTa UM IOBBPXHOCT C BHCOKA IPOCTPAHCTBEHA M BPEMEBA PA3ACIIUTEIIHA
criocoOHOCT. [To-KOHKpEeTHO paboTara MpeACTaBs pe3yJTaTUTE OT ABAa TECTOBU €KCIIEPUMEHTA
3a yCTaHOBSBaHE HA NPOMsSHA B CKOPOCTTA Ha IIPOLIECHTE BCIECACBHE HA M3MCHEHHE Ha
BJIQ)KHOCTTAa M HAa XMMHUYHO Bb3JeicTBUe. Karo 1510, cepun ot 256 n300pakeHusl Ha CIIEKbI
KapTHHU C€ 3alKMCBAT IIOCJIEI0BAaTEIHO BbB BPEMETO U ce 00paboTBaT 4ype3 KOperaalluOHHO-
0a3upaHM aJIropuTMHM, IpUIaraHd 3a BCAKa Touyka oOT oOpasena. ExcnepumeHTHTe
MOTBBPKIAaBAT IOTEHLMANa Ha TO3M IMOAXOJ 3a DPa3IMYaBaHE HA JIMCTA IIOJUIOKCHHM Ha
Pa3IUYHO Bb3ACUCTBHE.

A7 - Stoykova, E., Ivanov, B., Shopova, M., Lyubenova, T., Panchev, 1.,
Sainov, V., Dynamic laser speckle for non-destructive quality
evaluation of bread, (2011) Proceedings of SPIE, vol. 7747, art. no.
77470L, DOIl: 10.1117/12.881922, ISSN: 0277786X, ISBN:
9780819482372

ABSTRACT

Coherent illumination of a diffuse object yields a randomly varying interference pattern, which
changes over time at any modification of the object. This phenomenon can be used for detection
and visualization of physical or biological activity in various objects (e.g. fruits, seeds, coatings)
through statistical description of laser speckle dynamics. The present report aims at non-
destructive full-field evaluation of bread by spatial-temporal characterization of laser speckle.
The main purpose of the conducted experiments was to prove the ability of the dynamic speckle
method to indicate activity within the studied bread samples. In the set-up for acquisition and
storage of dynamic speckle patterns an expanded beam from a DPSS laser (532 nm and
100mW) illuminated the sample through a ground glass diffuser. A CCD camera, adjusted to
focus the sample, recorded regularly a sequence of images (8 bits and 780 x 582 squared pixels,
sized 8.1 x 8.1 um) at sampling frequency 0.25 Hz. A temporal structure function was
calculated to evaluate activity of the bread samples in time using the full images in the sequence.
In total, 7 samples of two types of bread were monitored during a chemical and physical process
of bread’s staling. Segmentation of images into matrixes of isometric fragments was also
utilized. The results proved the potential of dynamic speckle as effective means for monitoring
the process of bread staling and ability of this approach to differentiate between different types
of bread.



PE3IOME

KoxepentHoTo ocBeTsiBaHe Ha Au(]y3eH 00EKT BOIM 10 MPOU3BOIHO MPOMEHIHUB MOJEN Ha
uHTepdepeHIHa KapTHHA, KOUTO MOJIEN ce MPOMEHS C BPEMETO M C BCsIKa MOIU(UKAIMS Ha
obekrta. ToBa siBIEHNE MOXKE Jla Ce M3MOJ3Ba 32 OTKPUBAHE W BU3YyAIH3UpPaHE Ha PU3NICCKA
WK OMOJIOTUYHA aKTUBHOCT B PA3JIMYHU OOCKTH (HampuMep: IJIOIOBE, CEMEHA, MOKPHUTHUS)
Ype3 CTATUCTUYECKO ONMCAHUE Ha JUHAMHKATA Ha MIPOMSHA Ha JIA3EPHUTE CIIEKBI CTPYKTYpH
BBpXYy 0OekTa. HacTosmusT HoKIaa uMma 3a 1ell HeJleCTPYKTUBHA IISIIOCTHA OIEHKa Ha 00EKT
XJII0 9pe3 MPOCTPAHCTBEHO-BPEMEBA XapaKTePUCTHKA Ha Jla3epHHUs criekbil. OCHOBHATA I1eJT Ha
MIPOBEJICHUTE SKCIIEPUMEHTH OeIIIe J1a ce JIOKaXKe CIIOCOOHOCTTa Ha JMHAMUYHUS CIIEKBI METOT
Jla TIOKa3Ba aKTMBHOCT B H3cieABaHUTE MpoOu xuist0. 3a MojayyaBaHETO M 3ala3BaHETO Ha
JUHAMHYHUTE CIIEKbJI CTPYKTYpH O€ n3nons3BaH pasmuped abp4u o DPSS nazep (532 nm u 100
mW) upe3 ocBeTsiBane Ha npobara mpe3 audysop or numdosano crekio. CCD kamepa,
HacTpoeHa Ha (okyc BBpXy IMpoOaTa, 3amHMcBa B PEAJHO BPEME IOCIEIOBATETHOCT OT
n3o0pakeHus (8 6ura n 780 x 582 kBampaTHu nukcena, ¢ pasmep 8,1 x 8,1 um) npu gecrora
Ha B3eMaHe Ha kagapute ot 0,25 Hz. BpemeBara ctpykTypHa QyHKIMs Oelie u3unciaeHa, 3a J1a
Cce OIICHM AaKTHUBHOCTTAa Ha MpoOuTe XJA0 BBB BPEMETO, KAaTO Ce U3IOJI3BAT IIBJIIHUTE
n300paxeHus B mocneaoBarenHocTTa. [Ipocnenenu ca o6mo 7 mpobu oT ABa BuAa XJs0 1o
BpeMe Ha XMMUYEH U (PU3UYCH MpolieC Ha cTapeeHe Ha xJs0a. M3mon3BaHo € U cerMeHTHpaHe
Ha W300paKEHUATA B MATpPUIM OT HU30METpUYHH (parmMeHTu. Pesynrtature mokaszaxa
MOTEHIIMala Ha JUHAMUYHUS CIIEKbI KaTo €()eKTUBHO CPEACTBO 3a HAOMIOJCHHUE Ha IMpolieca
Ha CTapeeHe Ha xJisg0a ¥ CIoCOOHOCTTa Ha TO3U MOJXO/I 1a IPABH Pa3INKa MEX]y pPa3THUYHUTE
BUJIOBE XJISI0.

A8 - Lyubenova, T., Stoykova, E., Nacheva, E., Ivanov, B., Panchev, 1.,
Sainov, V., Monitoring of bread cooling by statistical analysis of laser
speckle patterns, (2013) Proceedings of SPIE, vol. 8770, art. no. 87700S,
DOI: 10.1117/12.2013667, ISSN: 0277786X, ISBN: 9780819495686

ABSTRACT

The phenomenon of laser speckle can be used for detection and visualization of physical or
biological activity in various objects (e.g. fruits, seeds, coatings) through statistical description
of speckle dynamics. The paper presents the results of non-destructive monitoring of bread
cooling by co-occurrence matrix and temporal structure function analysis of speckle patterns
which have been recorded continuously within a few days. In total, 72960 and 39680 images
were recorded and processed for two similar bread samples respectively. The experiments
proved the expected steep decrease of activity related to the processes in the bread samples
during the first several hours and revealed its oscillating character within the next few days.
Characterization of activity over the bread sample surface was also obtained.

PE3IOME

@DeHOMEHBT Ha JIa3epHUS CIEKBJI MOXKE Jia Ce M3IOJ3Ba 32 OTKPUBAHE W BH3yallM3allusl Ha
(buzmvecka Wi OMOJOTUYHA aKTUBHOCT B Pa3lIMYHU OOEKTH (HAmpuMeEp: IJI0JI0BE, CEMEHa,
MOKPUTHSI) Ype3 CTATHCTUYECKO ONHMCAaHUE Ha TUHAMHUKATa Ha criekbia. CTaTusita mpeacTaBs
pe3ynTatute OT Oe3pa3pylInTelieH MOHUTOPHUHT Ha OXJIXIAHETO Ha XJII0 Ype3 MaTpuiia Ha



ChbBMECTHO Bh3HUKBAHE U (YHKIMOHAJIEH aHAIN3 Ha BpeMeBaTa CTPYKTypa Ha CIeKbJia, KOUTO
e Oun 3amuMcBaH HEMPEKHCHATO B paMKHUTEe Ha HIKONMKO aHU. OO0mo 72960 u 39680
n300pakeHUs1 Osxa 3amucaHud U oO0pabOTEeHW CHOTBETHO 3a JBE MOJAOOHU MPOOH OT XJIAO.
ExcnepuMeHTHUTE J0Ka3axa OYaKBAHOTO PS3KO HaMajsiBaHE HAa aKTUBHOCTTA, CBbp3aHa C
MPOLIECUTE B MPOOUTE OT XJIA0 Mpe3 MbPBUTE HIKOJKO Yaca M Pa3Kpuxa HEHHHS OCIHIMPAIL]
XapakTep IMpe3 CieIBalUTe HSIKOJNKO JHU. bemie moiydeHa M XapakTepuUCTUKaTa Ha
aKTUBHOCTTA BHPXY MOBBPXHOCTTA Ha Mpobara ot XJsio.

A9 - Stoykova, E, Ivanov, B, Nikova, T, Kang, HJ, Improving activity
visualization in dynamic speckle testing of paint drying by evaluation
of a temporal correlation radius, (2016), BULGARIAN CHEMICAL
COMMUNICATIONS, Volume 48 Special Issue G, Page 45-48, ISSN:
0324-1130

ABSTRACT

We propose an approach for improving visualization of activity map obtained as an output of
pointwise dynamic laser speckle analysis. The map reflects the speed of change of the speckle
pattern formed on the surface of the tested object and thus provides information about the speed
of processes leading to these change. The approach is based on pointwise calculation of the
normalized temporal correlation function and further determination of the correlation radius. In
case of negative exponential dependence of the correlation function on the time lag between
the recorded speckle patterns, the obtained description of activity is quantitative. The proposed
visualization enhancement of the activity map has been verified by processing raw data from a
paint drying experiment.

PE3IOME

B paborara ce mpeanara moaxoxa 3a IMOAOOpsSBAaHE HAa BU3yaJM3MPAHETO Ha Kaprara Ha
AaKTUBHOCTTA, KOSITO C€ MOJIy4yaBa KaTo U3XOAEH pe3yJTaT P NOTOUYKOBUS JUHAMHYEH CIIEKbI
aHanu3. Kaprara nmokasBa nmpomsiHaTa B CIIEKbJ KapTHHATa, pOpMHUpaHa BbPXY MOBBPXHOCTTA
Ha TeCTBaHUA 00EKT U OCUTYpsIBaIlla [0 TO3U HAYMH UH(OpMAIIHS 32 CKOPOCTTa Ha MPOLIECUTE,
npenu3BUKaiu Ta3u mnpomsiHa. [loaxonbsT ce Ga3zupa BBbpPXY IMOTOYKOBO IMpeCcMsITaHE Ha
HOpMHUpaHaTa BpeMeBa KopelaluMoHHa (PYHKIMS, OCIeABAaHO OT ONpeAeNsiHe Ha paanyca Ha
Kopenanusi. B ciydas Ha oTpHIlaTenHa €KCIIOHEHIMAlHA 3aBHUCHMOCT Ha KOpellallMOHHATa
(GyHKIMS OT BpEeMEBHUSA JIalr MEXKAY 3alMUCAHUTE CHEKBJ KapTHHHU MOJYyYEHOTO OMUCAHHE Ha
aKTUBHOCTTA € KoJuuecTBeHo. [IpeanoxkenoTo nonoOpsiBane Ha BU3yaIU3HPAHETO Ha KapTaTa
Ha aKTUBHOCTTA € MPOBEpPEHO 4pe3 00paboTka Ha eKCIEPUMEHTAIHU JAHHU OT €KCIIEPUMEHT
ChC ChXHEHE Ha 00sl.

Bl - stoykova, E., lvanov, B., Oh, K.-J., Park, J., Dynamic speckle
inspection with raw data compression, (2019) Proceedings of SPIE, vol.
11056, art. no. 110562E, DOI: 10.1117/12.2526035, ISSN: 0277786X,
ISBN: 9781510627918



ABSTRACT

Dynamic speckle analysis is an effective approach for industrial inspection of speed of
processes. The relevant information is retrieved by statistical processing of temporal sequences
of speckle patterns formed on the surface of diffusely reflecting objects under laser illumination.
The measurement output is a 2D activity map, which shows regions of higher or lower activity
in the object. Following a process in time requires a great number of images, in which the
recorded values of intensity are of minor importance. In view of the dynamic speckle
measurement specifics, we propose in the paper coarser quantization of the raw speckle data as
an approach for data compression. Its efficacy is proved by processing numerical and
experimental speckle patterns. Decreasing the number of the quantization levels down to 32
causes no distortions in the activity map. Further decrease of the quantization level number is
applicable only to data acquired at uniform illumination and equal reflectivity across the object
surface.

PE3IOME

JIMHaMUYHUAT CHEKbJ aHalu3 € e(eKTUBEH IOJXOJ 3a MPOMHUIIECHA MpPOBEpKa Ha OBP30
npoMeHsm ce mnporecd. ChboTBeTHaTa WHGpOpMAIMs C€ H3BIMYA Ype3 CTAaTUCTUYECKa
00paboTka Ha BpPEMEBHTE IIOCIEIOBATETHOCTH OT CIEKBJ CTPYKTypaTa, oOpa3yBaHa BBPXY
MOBBPXHOCTTA HA TU(Y3HO OTpa3siBalld OOEKTH ITPH JIA3EPHO OCBETsABaHE. Pe3ynrarsT OoT
n3MepBaHeTo € 2D kapTa Ha aKTUBHOCTTA, KOSITO IIOKa3Ba PETMOHHU C MI0-BUCOKA WJIN II0-HUCKA
aKTUBHOCT B oOekra. IIpocnensBanero Ha JajieH Mpolec BbB BPEMETO M3UCKBA rojisiM Opoit
n300pakeHusi, B KOUTO 3alHMCaHUTE CTOWHOCTM Ha HHTEH3UTETa ca OT BTOPOCTENEHHO
3HadyeHue. C ornen Ha cnenu@ukara Ha JMHAMUYHOTO U3MEPBAHE Ha CIIEKbJIa, HHUE MIpeiarame
B CTaTHsATa MO-Tpy0O KBaHTyBaHE Ha HEOOpPaOOTEHWTE CHEKBJ JaHHH KaTo MOJIXO0J 3a
KOMIIpecupaHe Ha aaHHuTe. E¢ukacHocTTa TyK € J0KazaHa 4ype3 o0paboTKa Ha YHMCIEHU U
eKCIIEpUMEHTAJIHU CIeKbJI KapTuHU. HamansBaneto Ha Oposi Ha HUBaTa Ha KBaHTyBaHe 710 32
HEe NPUYMHSABA M3KPUBSABAHUS B KapTaTa Ha aKTUBHOCTTA. [l0-HAaTaTBUIHOTO HaMalsiBaHE Ha
HUBOTO Ha KBAaHTYBaHE € MPUJIOKHMO CaMoO 3a JIaHHH, OJIYUYeHH IIPU PABHOMEPHO OCBETSIBaHE
U e/HaKBa OTpa3sBalla ClIOCOOHOCT IO LisAjaTa HOBbPXHOCT Ha OOEKTa.

B2 - stoykova, E., Nazarova, D., Nedelchev, L., Ivanov, B., Blagoeva, B.,
Oh, K.-J., Park, J., Dynamic speckle analysis with coarse quantization
of the raw data, (2020) Applied Optics, 59 (9), pp. 2810-2819, DOI:
10.1364/A0.384204, ISSN: 1559128X

ABSTRACT

Analysis of dynamic speckle formed on the surface of diffusely reflecting objects under laser
illumination is a noncontact method for inspection of speed of processes. The paper deals with
intensity-based implementation of the method that relies on statistical processing of correlated
in time sequences of speckle images. A two-dimensional activity map is built for each sequence
to visualize regions of different speed on the object surface at a given instant. A great number
of images is required to track a process in time. We propose data compression by coarse
quantization of the raw speckle data. Efficacy of quantization is analyzed by simulation and
experiment for low- and high-contrast speckle patterns with bell-shaped and long-tailed



distributions of intensity, respectively. Non-uniform quantization is proposed for long-tailed
speckle intensity distributions. Decreasing the bit depth from 8 to 4 causes no change in the
probability density function of the activity estimate.

PE3IOME

AHaM3bT HAa TUHAMHYHUS CIIEKBJI, 00pa3yBaH BbPXY HOBBPXHOCTTA Ha JU(Y3HO OTpa3sBaLIH
OOCKTH TpH JIa3epHO OCBETSBaHE, € OE3KOHTAKTEH METO] 3a MpOBEpKa Ha CKOPOCTTa Ha
nporecute. CtaTusTa ce 3aHMMaBa C MpHUJIaraHe Ha MeToj, 0a3upaH HAa MHTEH3UTETa, KOWTO
pa3unTa Ha cTaTHCTHYecKa 00paboTKa Ha KOPEIMpPaHW BHB BPEMETO IOCIEIOBATEITHOCTH OT
CHEeKbI M300pakeHMs. 3a BCSKa IOCIENIOBATEIHOCT CE€ HM3Tpak[a JByHM3MEpHA KapTa Ha
aKTUBHOCTTA, 3a Jia C¢ BU3YAIM3HPAT PETHOHHM C Pa3IMYHA CKOPOCT HAa AKTHBHOCT BBPXY
MOBHPXHOCTTAa Ha OOEKT B naneH MoMeHT. HeoOxomum e romsim Opoil m300pakeHus 3a
MpocJiesiBaHe Ha TPOIIECH BB BpeMeTo. Hue mpejuiaraMe KoMrpecupaHe Ha JaHHUTE upes3
rpy00 KBaHTyBaHE Ha HEOOpaOOTEHHTE CIEKBJ JaHHHW. EdukacHocTTa Ha KBaHTYBAaHETO ce
aHaJIM3Upa Ype3 CUMYJIAIMs ¥ CKCIIEPHUMEHT 32 MOJICIH Ha CIIEKBJI CTPYKTYpH C HUCHK H C
BUCOK KOHTPACT Ha pa3mnpezelicHre 10 MHTEH3UTE BbB (hopMaTa Ha KaMOaHa C Jbjira Omnalika.
[Ipemmara ce HepaBHOMEPHO KBaHTYBaHE 3a pas3lpeicliCHHSTa C TO-IBJITH ONAllKd Ha
WHTEH3UTETA Ha CIEeKBbJ KapTuHUTe. HamansBaneTo Ha nbi1004nHaTa Ha OUTOBETE OT 8 Ha 4 He
MPUYMHSABA TPOMSHA BHB (PYHKIHSTA 3a IUTBTHOCTTa HAa BEPOATHOCTTa HA OLIEHKAaTa Ha
AKTUBHOCTTA.

B3 - stoykova, E., Ivanov, B., Nikova, T., Correlation-based pointwise
processing of dynamic speckle patterns, (2014) Optics Letters, 39 (1),
pp. 115-118, DOI: 10.1364/0L.39.000115, ISSN: 01469592

ABSTRACT

Correlation-based pointwise processing of dynamic speckle patterns is proposed for spatial
characterization of activity in a sample. The result is a set of 2D activity maps of the estimates
of temporal correlation, or structure functions, at increasing time lags. Pointwise computation
provides spatial resolution, limited by the pixel period of the optical sensor used for acquisition
of the speckle patterns. Pointwise normalization of the estimates solves the problem with the
nonuniform illumination and varying reflectivity across the sample. The high contrast detailed
activity maps obtained from processing of synthetic and experimental speckle patterns confirms
efficiency of the proposed approach.

PE3IOME

3a MpOCTPaHCTBEHO XapaKTepU3MpaHe Ha aKTHBHOCTTA B Mpo0a, MmpeiaraMe KOperanuoHHO
0a3upaHa MOTOYKOBa 00pabOTKa HA JUHAMHUYHUS CTIEKBJI. Pe3ynraTst € Habop ot 2D kaptu Ha
aKTUBHOCTTa M Ha OLICHKUTE HAa BpEeMeBaTa KOpeNalus WIH CTPYKTypHUTE (QYHKIUU TpPH
HapacCTBallk BpPCMEBU JIaroBC. IToTOYKOBOTO U3UHCIECHHE ocurypsaBa IpPOCTPaHCTBCHA
pa3fenuTenHa CIIOCOOHOCT, OrpaHMYeHa OT TepHoJa Ha MHUKCEeNla Ha ONTHYHHS CEH30p,
M3IIOJI3BAH 32 MPUI00MBAaHE HA CIIEKBJI KapTUHHUTE. TOYKOBOTO HOpMaJIH3HpaHE Ha OLEHKUTE
pemaBa mpoOiieMa ¢ HEpaBHOMEPHOTO OCBETSBaHE W pa3jiMyHaTa OTpa3siBalla CIIOCOOHOCT B
npo6ara. BUCOKOKOHTpAacTHUTE MOAPOOHM KapTH Ha aKTUBHOCTTA, MOJIYYEHU OT 00paboTKaTa
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Ha CUHTETUYHHU U EKCIIEPUMEHTAJIHU CIIEKbJ CTPYKTYPH, HOTBBPKIaBaT €(PEeKTUBHOCTTA Ha
MIPEI0KEHUS TTOIXO/.

B4 - Nikova, T., Stoykova, E., Ivanov, B., Pointwise implementation of
dynamic laser speckle technique, (2014) Physica Scripta Topical Issues,
T162, art. no. 014044, DOI: 10.1088/0031-8949/2014/T162/014044,
ISSN: 02811847

ABSTRACT

The paper proposes pointwise implementation of correlation-based algorithms for processing
time sequences of 2D dynamic speckle patterns of a diffuse object illuminated with a laser light
in order to obtain a spatial map of physical or biological activity across its surface. Both
temporal correlation and structure functions were studied with and without the pointwise
normalization by the variance of intensity fluctuations in time. The performance of the
algorithms was checked by simulation of dynamic speckle patterns at a given spatial
distribution of the temporal correlation radius of activity and by dynamic speckle measurement
of a test object. The obtained set of high contrast and high spatial resolution activity maps
proves the efficiency of the normalized correlation-based algorithms to indicate regions of
varying activity even at non-uniform illumination and reflectivity across the object.

PE3IOME

Cratusita mpejuiara TOYKOBO BHEIPSBAaHE HAa KOpENAMOHHO Oa3WpaHU aJIrOPUTMH 32
00paboTKa Ha BpEMEBH MOCIIEAOBATETHOCTH Ha 2D NTMHAMUYHHA MOJIEITH HA CIIEKBI CTPYKTYPH
3a nu¢y3eH 00eKT, OCBETEH C Jla3epHa CBETJIMHA, 3a JIa C€ MOJyYd MPOCTPAHCTBEHA KapTa Ha
¢u3nueckara win OMOJIOTMYHA AaKTUBHOCTH IO IsjlaTa My MOBBpXHOCT. KakTo BpemeBara
KOpenaiusi, Taka H CTPYKTypHHTEe (YHKIUU Osxa H3CIEeIBaHU ChC HU 0€3 TOYKOBA
HOpMaJM3alusi 4Ype3 BapuanusAta Ha QUIYKTyallMUTeé Ha WHTEH3UTETAa BBB BPEMETO.
EdexTuBHOCTTa Ha ayropuTMHTE Oele MPOBEPEHA Ype3 CUMYJIANs HAa JTUHAMUYHU CIICKBII
CTPYKTYpPH TIPH JAJICHO MPOCTPAHCTBEHO pasIpe/ieIeHue Ha BPEMEBHSI KOPETAIIMOHEH Painyc
Ha aKTUBHOCT W Ype3 JHHAMHYHO CIIEKBJI U3MEpBaHe Ha TecTOB 00eKT. [TomydeHusT Habop OT
KapTH Ha aKTUBHOCTTA C BUCOK KOHTPACT ¥ BUCOKA MPOCTPAHCTBEHA pa3IeIUTEeTHA CIIOCOOHOCT
JoKa3axa e(PEeKTUBHOCTTA Ha HOPMAIM3MPAHUTE AITOPUTMH, Oa3WpaHW Ha KOpPEIAIMOHHH
METOJIM, 32 TIOCOYBAaHE HAa PETMOHM C pa3iMyHa aKTHBHOCT JIOPM TPU HEPABHOMEPHO
OCBETSIBAaHE W HEPAaBHOMEPHA OTpa3siBallla ClIOCOOHOCT Ha O0CKTa.

B5 - Stoykova, E., Nazarova, D., Berberova, N., Gotchev, A., Ivanov, B.,
Mateev, G., Dynamic laser speckle metrology with binarization of
speckle patterns, (2017) Proceedings of SPIE, vol. 10226, art. no.
102260R, DOI: 10.1117/12.2262330, ISSN: 0277786X, ISBN:
9781510609532
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ABSTRACT

Dynamic laser speckle analysis is non-destructive detection of physical or biological activity
through statistical processing of speckle patterns on the surface of diffusely reflecting objects.
This method is sensitive to microscopic changes of the surface over time and needs simple
optical means. Advances in computers and 2D optical sensors forced development of pointwise
algorithms. They rely on acquisition of a temporal sequence of correlated speckle images and
generate activity data as a 2D spatial contour map of the estimate of a given statistical
parameter. The most widely used pointwise estimates are the intensity-based estimates which
compose each map entry from a time sequence of intensity values taken at one and the same
pixel in the acquired speckle images. Accuracy of the pointwise approach is strongly affected
by the signal-dependent nature of the speckle data when the spread of intensity fluctuations
depends on the intensity itself. The latter leads to erroneous activity determination at non-
uniform distribution of intensity in the laser beam for the non-normalized estimates.
Normalization of the estimates, introduces errors. We propose to apply binarization to the
acquired speckle images by comparing the intensity values in the temporal sequence for a given
spatial point to the mean intensity value estimated for this point and to evaluate a polar
correlation function. Efficiency of this new processing algorithm is checked both by simulation
and experiment.

PE3IOME

JIMHAMUYHUAT Ja3epeH CHEKbJI aHaJlu3 € HEJAECTPYKTUBHO OTKpUBaHE HAa (U3MYECKa WU
OMOJOrMYHAa AaKTUBHOCT Ype3 CTaTUCTHYecka 00paboTKa Ha CIEKblI KapTHHU BbPXY
MOBBPXHOCTTAa Ha JAu(]y3HO oTpa3sBamM oO0ekTH. To3u MeToJ € UyBCTBUTENIEH KbM
MHUKPOCKOIIMYHU MPOMEHH Ha MOBBPXHOCTTA C TEUEHUE HA BPEMETO U C€ HY’)KJae OT MPOCTU
ONTUYHH cpeacTBa. HamperbkbT B KOMIIOTHPHUTE TEXHOJOTUU U 2D ONTHYHUTE CEH30pU
HaJIOXH pa3pabOTBAHETO Ha TOUYKOBM aJIrOPUTMU 3a 00paboTKa Ha AaHHUTE. T3H aaropuTMu
pazuuTar Ha nOpuUIOOMBaHE Ha BpeMeBa IMOCIEIOBATETHOCT OT KOPEJIUpPaHH CHEKBJI
M300pakeHUs ¥ TeHepUpaT JaHHU 3a JIEMHOCTTa B 00ekTa kKaTo 2D mpocTpaHCTBEHA KOHTYpHA
KapTa Ha OlleHKaTa Ha 1aJIeH CTAaTUCTHYECKU MapaMeThp. Hali-1mupoko u3non3BaHUTE TOUKOBU
OILICHKH Ca OILIEHKHTE, 0a3upaHu Ha MHTEH3UTETa, KOUTO ChCTABIT BCEKU 3alMC Ha KapTara OT
BpeMeBa IMOCJIE0BATEIHOCT OT CTOMHOCTH Ha MHTEH3UTET, B3€THU B €IMH M CBII MUKCEN B
MOJyYEHHUTE CHEKBJI U300pakeHus. TOYHOCTTa HA TOYKOBUS MOJXOJ € CHIIHO IOBJIHSHA OT
3aBUCMMHUSI OT CHUTHAJIa XapaKTep Ha CIEKbJl JaHHHUTE, KOraTo pa3NpOoCTPaHEHUETO Ha
(GiIyKTyalmuTe Ha MHTEH3UTETa 3aBUCH OT caMUs MHTeH3UTeT. [locae1HoTo BOIM 710 MOTPenHO
OnpeJIeIsiHE Ha AaKTUBHOCTTA MIPU HEPABHOMEPHO pa3Mpeie]ICHUE Ha MHTEH3UTETA B JIa3ePHUS
b4 332 HEHOPMAJIU3UPAHUTE OlleHKU. Hopmanu3upane Ha OlleHKUTE, BbBEka rpemku. Hue
npeularaMe Jia ce TPHIOKH OWHapu3alusi KbM TOJYYEHUTE CIEeKbJ H300paKeHUs dYpes
CpaBHSIBAHE HA CTOMHOCTUTE Ha MHTEH3UTETa BbB BpPEMEBaTa IOCJEI0BATEIHOCT 3a JaJieHa
IIPOCTPAHCTBEHA TOUKA ChC CpEeIHATa CTOMHOCT HAa UHTEH3UTETA, OLICHEHA 3a Ta3H TOYKa, U J1a
CE OLIEHM MOJIsIpHAaTa KOopejaluoHHa (QyHKIMs. EQEKTUBHOCTTa Ha TO3M HOB aJTOPUTHM 3a
00paboTKa ce MpoBepsiBa Ype3 CUMYITALHUS H EKCIIEPUMEHT.
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B6 - stoykova, E., Mateev, G., Nazarova, D., Berberova, N., lvanov, B.,
Pointwise intensity-based dynamic speckle analysis with binary
patterns, (2017) Proceedings of SPIE, 10329, art. no. 103293Y, DOI:
10.1117/12.2270153, ISSN: 0277786X, ISBN: 9781510611030

ABSTRACT

Non-destructive detection of physical or biological activity through statistical processing of
speckle patterns on the surface of diffusely reflecting objects is an area of active research. A lot
of pointwise intensity-based algorithms have been proposed over the recent years. Efficiency
of these algorithms is strongly deteriorated by the signal-dependent nature of the speckle data,
non-uniform illumination or varying reflectivity across the object, especially taking in view the
limited number of the acquired speckle patterns. Pointwise processing of a sequence of 2D
images is also time-consuming. In this paper, we propose to transform the acquired speckle
images into binary patterns by using for a sign threshold the mean intensity value estimated at
each spatial point from the temporal sequence corresponding to this point. In this case, activity
is characterized by the 2D distribution of a temporal polar correlation function estimated at a
given time lag from the formed binary patterns. Processing of synthetic and experimental data
confirmed that the algorithm provided correct activity determination with the same accuracy as
the temporal normalized correlation function at non-uniform distribution of intensity in the
illuminating laser beam without the necessity to apply normalization and at accelerated
computation.

PE3IOME

HepaspymmrenHoTo oOTKpuBaHe Ha (U3MYecKa WM OWOJIOTMYHA aKTUBHOCT dYpe3
CTaTHCTUYECKa 00padOTKa Ha CIIEKBJ BHPXY MOBBPXHOCTTA HA TU(Y3HO OTpa3siBaIiu 00eKTH €
o0J1acTTa Ha HalIeTO aKTUBHO U3cieaBaHe. [Ipe3 nocieqauTe roquan 0sxa MpeIIoKeHn MHOTO
IIOTOYKOBH aJITOPUTMHU, 6a3HpaHI/I Ha CBCTJIMHHUA HWHTCH3HUTCT. E(beKTI/IBHOCTI‘a Ha TE3HU
QITOPUTMHU CHJIHO C€ BJIOIIABa B 3aBUCHMOCT OT XapakTepa Ha JaHHUTE OT CIEKbBJI CHTHaJa,
HEpPaBHOMEPHOTO OCBETSABaHE WM pa3iMyHaTa OTpa3siBalla CIOCOOHOCT Ha 00eKTa, 0COOEHO
KaTo ce UMa MpeBU OTpaHUUEHUAT Opoit Ha 00pa3yBallUTe ce CIIEKbI CTPYKTypH. ToukoBarta
obOpaboTka Ha mopeauna ot 2D m3o0pakeHUs: CHIIO OTHEMa MHOTO BpeMe. B Tasm crarus
npejyiaraMe Ja TpaicopMupaMe moiydeHnTe H300paskeHHs Ha CIIEKbJIa B IBOMYHHU MOJICITH,
KaTo M3MOJI3BaME 3a Mpar cpeiHaTa CTOMHOCT Ha HMHTEH3WTETa, OIICHEHa BBB BCSAKA
MPOCTPAaHCTBEHA TOYKA OT BpeMeBaTa IOCIIEeI0BATEIHOCT, ChOTBETCTBAIA HA Ta3W TOYKa. B
TO3M CIy4ail aKTMBHOCTTa Ce Xapakrepusupa ¢ 2D pasmpeneneHue Ha BpeMeBa MOJISIpPHA
KopeJsarioHHa (DyHKIUS, OLICHEHa IPH J1a/IeH BPEMEBH Jiar oT (YOPMHUPAHUTE TBOUIHU MOJIEITH.
OOpaboTkata Ha TEHEpHpaHW W EKCIEPHUMEHTAIHM JaHHH TOTBBPIAH, Y€ AaJrOPHUTBMBT
OCUTypsiBa TPaBHJIHO OTpENeNIsiHE Ha aKTHBHOCTTAa ChC ChIIaTa TOYHOCT KAaTO BpeMmeBara
HOpMaJIM3MpaHa KopelaroHHa QyHKIHs IPU HEpaBHOMEPHO pa3npeziesieHle Ha MHTeH3UTeTa
B OCBETSBAIUS Ja3epeH Jb4 0e3 HeOOXOOUMOCT OT NMpHJIaraHe Ha HOpMalM3als U NpU
YCKOPCHO MAIIMHHO U34YHCJICHHUC.

13



B7 - Stoykova, E., Kang, H., Kim, Y., Nazarova, D., Nedelchev, L., Ivanov,
B., Berberova, N., Mateev, G., Evaluation of activity from binary
patterns in dynamic speckle analysis, (2018) Optics and Lasers in
Engineering, 111, pp. 50-57. DOI: 10.1016/j.optlaseng.2018.07.020,
ISSN: 01438166

ABSTRACT

Pointwise intensity-based statistical processing of dynamic laser speckle patterns formed on the
surface of a diffusely reflecting object is perspective for monitoring of ingoing processes of
physical or biological activity within the object. The output of the measurement is a two-
dimensional map, which shows qualitatively regions of higher or lower activity on the object
surface. In the paper, we have proposed transforming the captured 8-bit encoded speckle
patterns into binary patterns by applying a pointwise threshold. Motivation behind this study is
the need for an algorithm, which is robust to non-uniform illumination and offers lowered
computational complexity as time and memory consumption. We showed by simulation and
experiment that quality of the map obtained by processing of correlated binary patterns
approached that achieved with 8-bit encoded patterns. We analyzed statistical behavior of the
estimates built from binary patterns and proved applicability of a non- stochastic threshold as
e.g. a constant intensity level at uniform illumination. The proposed algorithm was applied for
processing polymer drop drying experimental data.

PE3IOME

ToukoBo Oa3upaHaTa Ha MHTEH3UTETAa CTaTHUCTUYECKAa 0OpabOTKa Ha JUHAMHYHU JIa3€pHU
CHEKbJ KapTHHHU, O0pa3yBaHH BBPXY MNOBBPXHOCTTa Ha IU(Y3HO OTpas3siBall OOEKT, €
MEepCIeKTUBHA 3a HAONIOACHHWE Ha MPOTHYAIIM TpOolecH Ha (u3ndecka WIH OHOJOTHYHA
aKTUBHOCT B OOEKTH. Pe3ynTaThT OT M3MEpBAaHETO € JABYM3MEpHa KapTa, KOATO IOKa3Ba
KauecTBEHO 00JIaCTH C MO-BUCOKA MJIU MO-HUCKA aKTUBHOCT BBPXY IMOBBPXHOCTTA Ha 00EKTA.
B crarusita Hue npemioxuxme TpaHchopMupaHe Ha 3aCHETHTE §-OUTOBU KOAMPAHHU CHEKbBJI
KapTHHU B JIBOMYHU KApTHHU 4Ype3 TMpHIIaraHe Ha TOYKOB mpar. MoTWBamusTa 3aj TOBa
MpOy4YBaHE € HEeOOXOJMMOCTTa OT aJrOPUTHhM, KOWTO € YCTOMYMB Ha HEPABHOMEPHO
OCBETSIBAHE M Ipejjiara HamMajeHa M3YUCIIUTENIHA CIOKHOCT KaTo MOTpeOJIeHHe Ha BpeMe U
MalMHHa naMeT. Hue moka3zaxme upe3 cuMylaliusi U €KCIIEpUMEHT, Y€ KauyecTBOTO Ha Ta3u
KapTa, MojryueHa uype3 o0paboTka Ha KOpEJIUpaHH JABOMYHU KapTHHHU, c€ JOOJIMKaBa 10 TOBA,
MOCTUTHATO C §-OMTOBO KOAMpaHWTE KapTHHM. Hue aHanusmpaxme CTaTUCTUYECKOTO
MOBEJICHHE Ha OLIEHKHUTE, U3TPaJieH! OT JBOMYHHUTE KAaPTUHU U JOKa3axMe MPUIOKUMOCTTA Ha
HECTOXaCTHYEH Impar KaTo Hamp. MOCTOSIHHO HHMBO HA HWHTEH3UTET NP PABHOMEPHO
ocBetieHue. [IpeanoxeHusar aaropuTbM Oellie MpoBepeH Mpu 00paboTKa Ha EeKCIIEPUMEHTATHU
JIAaHHU 32 CyIIE€HE Ha KaIllKK OT MOJIUMED.

B8 - Stoykova, E., Berberova, N., Kim, Y., Nazarova, D., Ivanov, B.,
Gotchev, A., Hong, J., Kang, H., Dynamic speckle analysis with
smoothed intensity-based activity maps, (2017) Optics and Lasers in
Engineering, 93, pp. 55-65, DOI: 10.1016/j.optlaseng.2017.01.012,
ISSN: 01438166
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ABSTRACT

Pointwise intensity-based algorithms are the most popular algorithms in dynamic laser speckle
measurement of physical or biological activity. The output of this measurement is a two-
dimensional map which qualitatively separates regions of higher or lower activity. In the paper,
we have proposed filtering of activity maps to enhance visualization and to enable quantitative
determination of activity time scales. As a first step, we have proved that the severe spatial
fluctuations within the map resemble a signal-dependent noise. As a second step, we have
illustrated implementation of the proposed idea by applying filters to non-normalized and
normalized activity estimates derived from synthetic and experimental data. Statistical behavior
of the estimates has been analyzed to choose the filter parameters, and substantial narrowing of
the probability density functions of the estimates has been achieved after the filtering. The
filtered maps exhibit an improved contrast and allowed for quantitative description of activity.

PE3IOME

Anropurmute, 6a3upaHu Ha TOYKOB HHTEH3UTET, Ca HAW-MOMYJIIPHUTE aJrOPUTMH B 001acTTa
Ha JTUHAMHWYHOTO JIa3€PHO CIICKDBJ U3MCPBAHC Ha (1)I/I3I/I‘I€CK3, WIM OMOJIOTMYHA aKTUBHOCT Ha
obexTu. Pe3ynrarsT OT TOBa M3MEpBaHE € JBYM3MEpHa KapTa, KOSATO KaueCTBEHO pPa3ieis
PETHOHHUTE C MO-BHCOKA MM TIO-HUCKA aKTUBHOCT. B cTaTtusTa cMe mpeuioxkmwim Gpuiarpupase
Ha KapTW Ha aKTMBHOCTTA, 32 J1a MOJO00OPUM BH3yalIM3allUATa U J]a TO3BOJIUM KOJIMYECTBEHO
OTpeNieNITHE Ha BPEMEBHUTE CKald Ha akTWBHOCTTa. KaTo mbpBa cThIKA JqOKa3axme, 4e
CCPUO3HUTE IMMPOCTPAHCTBEHU (bJ'IYKTyaIII/II/I B KapTaTa Impujin4aT Ha 3aBUCHUM OT CUI'Hajia IIyM.
Karo BTOpa cThIKa, HHME WIIOCTpHpaxXMe H3IMIBIHECHHETO Ha TMpeUIoKEeHaTa Hues dYpes
npuiaraie Ha QUIATPU KbM HEHOPMAIM3UPAHU M HOPMAIM3UPAHU OLEHKH HAa aKTUBHOCTTA,
MOJIYUYCHHU OT TCHCPUPAHU W CKCIICPUMCHTAIIHU IOaHHH. CTaTUCTUYECKOTO IIOBCJACHUEC Ha
OLICHKHTE € aHaJM3UPaHo, 3a J1a ce u30epaT napaMeTpuTe Ha PUITHpa, U ciel GUIATPUPAHETO
€ IIOCTUI'HATO 3HAYHUTECIIHO CTCCHABAHC Ha (bYHKHI/II/ITe Ha IJIBTHOCTTA HAa BEPOATHOCTTA Ha
oueHkure. OunrpupaHuTe KapTH MOKa3BaT MOJ00PEH KOHTPACT M TO3BOJISIBAT KOJIHMYECTBEHO
OITMCAaHUE Ha aKTUBHOCTTA.

B9 - Berberova, N., Stoykova, E., Ivanov, B., SLM-based optical simulator
for dynamic speckle analysis, (2014) Proceedings of SPIE, vol. 9286, art.
no. 928654, DOI: 10.1117/12.2063631, ISSN: 0277786X, ISBN:
9781628413618

ABSTRACT

The phenomenon of dynamic speckle allows for non-invasive whole-field detection of physical
or biological activity in objects through statistical description of laser speckle dynamics.
Effective way to improve the statistical analysis is generation of controlled speckle patterns.
SLM implementation of an optical simulator of dynamic speckle patterns is proposed by
feeding a correlated sequence of 2D random phase distributions to the phase-only SLM.
Atthevarying in space correlation radius of the phase fluctuations in the successive frames, the
SLM produces regions of different activity on a screen under laser illumination. Feasibility of
the proposed approach is proved both by simulation and experiment.
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PE3IOME

JIMHAMUYHUAT CIEKbJ, T03BOJIIBA HEMHBA3WBHO U3IMON3BAaHE Ha (u3Myeckara WIn
OMOJIOTMYHATA AKTUBHOCTH Ha OOEKTH Ype3 CTAaTHCTUYECKO ONMKCAaHHE Ha JWHAMHKaTa Ha
na3epHUst crekbid. EdexkTHBeH HauMH 3a mojoOpsiBaHE HA CTATUCTUYECKHS aHAIHU3 €
TEHEPUPAHETO HA KOHTPOJMPAHU CHEKBI KapTuHu. Peanuzanusra ype3 SLM Ha ontuueH
CUMYJIATOP HAa JUHAMUYHU CIEKBbJI KapTHHM C€ IIOCTHAara 4pe3 I0JaBaHE Ha KOpejupaHa
nociuenoBareaHocT oT 2D mpousBonHu (azoBu pasnpeneneHus kbM SLM-a. [Ipu Bapupain B
MIPOCTPAHCTBOTO pauycC Ha Kopenaanus Ha (pa3oBuTe QIyKTyalluu B OCIEA0BATEITHUTE KaJpH,
SLM-a renepupa oOmacTH ¢ pa3IM4yHAa aKTUBHOCT BBPXY €KpaH OCBETEH C Jiasep.
OcCbILeCTBUMOCTTA Ha MPEAJIOKEHUS MOIX0]] € JJOKa3aHa KaKTo 4pe3 CUMYJIalts, Taka U upe3
€KCIIEpUMEHT.

B10 - Stoykova, E., Berberova, N., Nazarova, D., lvanov, B., SLM-based
testing of algorithms in dynamic speckle metrology, (2017) Optics
InfoBase Conference Papers, Part F47-DH 2017, DOI:
10.1364/DH.2017.Th1A.4, ISBN: 9781557528209

ABSTRACT

The paper reports on phase-only spatial light modulator implementation of an optical simulator
of speckle patterns with controllable spatially varying evolution in time for algorithms testing
in dynamic speckle metrology of physical or biological activity.

PE3IOME

JloknanbsT mpeacTaBs HAeATa 3a BHEApsBaHE Ha (a3oB MOAYJIATOpP B IPOCTPAHCTBEHO
CBETJIMHEH ONTHYEH CHMYJIaTOp Ha CIEKbJI KapTUHU C KOHTPOJIMpyeMa IMPOCTPAHCTBEHO
MIPOMEHSIIA CE €BONIOLMS BbB BPEMETO 3a TECTBAHE HA aJTOPUTMH B JAMHAMHYHATA CIEKBI
METpOJIOTHUs Ha (U3NYECKa WK OMOJIOTUYHA aKTUBHOCTH.

B11 - Stoykova, E., Nazarova, D., Nedelchev, L., Levchenko, M.,
Berberova-Buhova, N., Ivanov, B., Normalization in dynamic speckle
analysis for non-destructive monitoring of speed of processes, (2021)
Journal of Physics: Conference Series, 2091 (1), art. no. 012002, DOI:
10.1088/1742-6596/2091/1/012002, ISSN: 17426588

ABSTRACT

The paper is dedicated to analysis of normalized intensity-based pointwise algorithms for
processing dynamic speckle images with spatially varying speckle statistics in non-destructive
visualization of regions of faster or slower changes across an object. Both existing and newly
proposed algorithms are analyzed. Extraction of speed of changes is done by acquiring
correlated in time speckle images formed on the object surface under laser illumination. The
studied algorithms have been applied to simulated low and high contrast speckle data. Their
performance has been compared to processing of binary patterns as another approach for
dealing with varying speckle statistics in the acquired images. The efficiency of the algorithms
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have been checked on the experimental data, including data in a compressed format. We have
proven that the algorithms with normalization at successive instants by a sum of two intensities
or a single intensity outperform as a whole the algorithms which apply the time-averaged
estimates of the mean value and the variance of speckle intensity.

PE3IOME

CratusitTa € MOCBETEHA HA aHAIW3 HA HOPMAJU3UPAHW TOYKOBU aNTOPUTMHU, OasWpaHH Ha
CBETIMHHUSA WHTEH3UTET, 3a 00paboTka Ha [OWHAMHUYHHM CHEKBI H300paxeHus C
MPOCTPAHCTBEHO Bapupallld CIEKbJ CTPYKTYPH UYpe3 Hepa3pylIMTeTHAa BU3yalu3alus Ha
o0sactu B 00€KTa ¢ 0-0bp3U WK 110-0aBHU IPOMEHU. AHATIU3UPAT C€ KaKTO ChIIECTBYBAIIIH,
TaKa 1 HOBOTIPEIJIOKECHH aTOpUTMU. M3BIHYaHETO HAa CKOPOCTTA HA TIPOMEHHUTE CE U3BBPIIIBA
gype3 ToJydaBaHe Ha KOPEIHMPAHH BBB BPEMETO CIIEKBI WU300pakeHHs, (OPMHUPAHU BHPXY
MMOBBPXHOCTTA HA 00EKTa MPH JIa3€PHO OCBeTsABaHE. 3cineBaHuTe anropuTMu ca MPUIIOKEH!
KBbM CUMYJIMPAaHU CIIEKBJI JAHHU C HUCHK M BUCOK KOHTPACT. TSAXHOTO MPEICTaBSIHE € CPABHEHO
¢ oOpaboTkaTa Ha JBOMYHH KaPTHHH KaTO APYT MOJXO]T 32 CPABHSABAHE HA IMOTYYEHUTE CIIEKBI
n3o0paxkeHus. EQeKTHBHOCTTA Ha AJITOPUTMHTE € MMPOBEPEHA BHPXY €KCIIEPUMEHTATHU JTaHHU,
BKJIFOYHMTEIIHO JIaHHK B KoMmmpecupaH ¢opmar. Jlokazaxme, 4e alrTOPUTMHUTE C HOPMAIU3UPaHE
B MOCIEAOBATEIHM MOMEHTH 4pe3 cOOp OT JBa MHTEH3WTETa WM EAMHUYEH HMHTEH3UTET
MPEBB3X0KAAT KATO IS0 AITOPUTMHUTE, KOUTO MpUIaraT OCPeIHEHUTE MO BpeMe OLIEHKH Ha
CpeaHaTa CTOMHOCT M TIMCIIEpCHUATa HA HHTEH3UTETa Ha CIIeKbIIa.

B12 - Berberova, N., Stoykova, E., Kang, H., Park, J.S., Ivanov, B., SLM-
based sinusoidal fringe projection under coherent illumination, (2013)
Optics  Communications, 304 (1), pp. 116-122, DOI:
10.1016/j.optcom.2013.04.034, ISSN: 00304018

ABSTRACT

The paper is dedicated to SLM implementation of a sinusoidal phase grating for fringe
projection profilometry with sinusoidal fringes. A low-contrast sinusoidal phase grating is
capable of projecting focused sinusoidal fringes with satisfactory visibility in a large spatial
region under coherent divergent illumination. The paper presents analysis of distortions in the
projected fringes due to phase quantization when the phase grating is generated by a phase-only
8-bit SLM. We showed by simulation of propagation in the free space that the spread of
intensity fluctuations of the projected fringes comprises 4-5 gray levels if an SLM with a 2n
phase span is used and is much lower for an SLM with /2 phase span. In addition, we proved
that distortion due to the phase encoding of the grating complex amplitude can be modeled as
gamma distortion with an invariable behavior in time at small values of the modulation
parameter and removed by a proper correction of fringes after polyspectral analysis. The
experiments we made with an 8-bit SLM of n/2 phase span confirmed the ability of this optical
element to project sinusoidal fringes with a high spectral purity.

PE3IOME

Crarusita € MocBeTeHa Ha M3MBIHEHUETO 4Ype3 SLM Ha cuHycouganHa ¢a3oBa pemieTka 3a
Moape mnpoduiaoMeTpusi ¢ Ipoekuus Ha cuHycouganHu uBuuu. CuHycouganHarta ¢aszoBa
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peleTKa ¢ HIChK KOHTPACT € CIIOCOOHA J1a pOoeKTHpa (POKyCHpaHu CHHYCOUIATHI UBUIH ChC
3aJJOBOJIUTEITHA BUJUMOCT B TOJIsIMa IPOCTPAHCTBEHA 00J1aCT MPH KOXEPEHTHO pa3MUHABAIIO
ce ocBeTiieHue. [IpecTaBeHns aHAIM3 HA M3KPHUBSIBAHUATA B TPOSKTUPAHUTE HBHIIH, TbJDKAIIN
ce Ha ($a30BO KBaHTyBaHe, KOrato (ha3oBaTa pelieTka ce reHepupa ot 8-6utoB SLM e camo
4pe3 npoMsiHa Ha (azata. Hue nmokazaxme upes CUMyJIalis Ha pa3poCTpaHeHHe B CBOOOTHOTO
MPOCTPAHCTBO, Y€ PA3MPOCTPAHCHUETO HAa (IIYKTYaIMMTE HA HHTCH3UTETA HA MPOCKTUPAHUTE
WBUIM BKJIFOYBA 4—5 HHMBA HA CUBOTO, ako ce m3noisBa SLM ¢ 27 (a30B auana3oH U € MHOTO
mo-HUCHK 3a SLM c¢ 7/2 da3oB quanazoH. B qmombiHeHne, HUE T0Ka3axMe, Y€ U3KPUBSIBAHETO,
JBbJDKAIIO ce Ha (a30BOTO KOJMpAHE Ha KOMIUICKCHATA aMIUTUTYJa Ha pelieTkara, MOXe Ja
ObJle MOJEIMPAHO KAaTO rama HM3KPHUBSIBAaHE C HEIPOMEHJIMBO IMOBEJCHHUE BBB BPEMETO INPHU
MaJIKi CTOMHOCTH Ha MOAYJIAaIIMOHHUS MapaMCThbp U OTCTPAHCHO YPC3 MOAXOAAId KOPCKIUA
Ha UBUIMUTEC CJICA IMOJIUCIICKTPAJICH aHAJIM3. EKCHCpI/IMeHTHTe, KOHMTO HAIIpaBUXME C 8-6I/ITOBI/I$I
SLM ¢ w/2 ¢a3zoB nuamnazoH MOTBBPAMXA CIOCOOHOCTTa HA TO3M ONTHYCH EJIIEMEHT Ja
MIPOEKTHPA CHHYCOHJIATHA UBUIIN C BUCOKA CIIEKTPaTHA YUCTOTA.

B13 - stoykova, E., Kang, H., Berberova, N., Ivanov, B., Woo, S.-S., Using
LED illumination in fringe projection profilometry with a sinusoidal
phase grating, (2014) Fringe 2013 - 7th International Workshop on
Advanced Optical Imaging and Metrology, pp. 831-834, DOI:
10.1007/978-3-642-36359-7_151, ISBN: 9783642363580

INTRODUCTION

Fringe projection profilometry is a well-established method in optical metrology for capture of
3D objects. The information is retrieved from the phase of the deformed fringe pattern formed
by imaging the object onto a CCD camera after projection of a structured light pattern onto its
surface. A variety of phase retrieval algorithms requires projection of sinusoidal fringes. Thin
diffraction sinusoidal gratings under coherent illumination are a suitable choice for generation
of good quality fringes focused in a large measurement volume. The main drawback of coherent
projection is the speckle noise. The lateral spacing of fringes produced by coherently
illuminated sinusoidal grating does not depend on the wavelength. Thus, a light source with a
wider spectrum can be used for reduction of the speckle noise in the fringe patterns recorded
by the CCD camera provided the spatial coherence of the source is kept intact. The aim of the
present report is to prove speckle reduction in fringes projected with a sinusoidal phase grating
(SPG) by using low coherent point light source with emphasis on LED illumination.

BBBE/IEHUE

[IpoekmoHHOTO MoOape Karo MNpo(UIOMETpUYEeH MeToJ] € J00pe MOo3HaT B ONTHYHATA
MeTposiorusi 3a 3acHemaHe Ha 3D obGexktu. MHpopmauusata ce m3Bamda oT (asara Ha
nepopMupaHus MOJEN Ha MBHLMTE, o0pa3yBaH upe3 u3o0pa3sBaHe Ha oOekta Bbpxy CCD
Kamepa cje] NMPOSKTHpPaHe Ha CTPYKTYPHpaH CBETIIMHEH Mojen (Moape KapTHHA) BBPXY
HEeroBaTa MOBbPXHOCT. Pa3HOOOpa3HeTo OT aJropuT™MH 3a Bh3CTAHOBSIBAaHE Ha (hazaTa U3HCKBA
MPOEKIUATA HA CUHYCOUIATHN UBUIM. ThHKUTE TU(DPAKIMOHHN CHHYCOUAATHH PEIIETKH MPH
KOXEPEHTHO OCBETJIEHHE ca MOJXOAAI] M300p 3a reHepupaHe Ha WBUIM C JOOPO KayecTBO,
(dokycupanu B ToysiM m3MepBaTenieH o0eM. Karo OCHOBHHMAT HEIOCTAaThK Ha KOXEPEHTHATa
MPOEKIMsI € CreKbl WWyMbT. CTpaHUYHOTO pPA3CTOSHHUE MEXJY HWBHULUTE, CBH3JAJACHU OT

18



KOXEPEHTHO OCBETeHaTa CHHYCOHMJalHA PElIeTKa, HE 3aBUCH OT AbJKMHATA Ha BbiHaTa. [lo
TO3U HAa4yMH, U3TOUYHHMK HAa CBETJIMHA C MO-IIMPOK CIEKThp OM MOTBJI Ja ce M3MO0J3Ba 3a
HaMaJIsiBaHE Ha CIEKbJ IIyma 3a MpOoeKTUpaHuTe UBUIM, 3anucanun or CCD kamepara, npu
yCIJIOBHE Y€ MPOCTPAHCTBEHATA KOXEPEHTHOCT Ha M3TOYHHUKA CE 3ala3y HemokbTHaTa. [lenrta Ha
HACTOSIIMS JOKIAJ € J1a ce JOKaKe HaMaJsIBaHETO Ha CIEeKbJia B UHTEPPEPEHUYHUTE UBHIIH,
MPOEKTUpPaHU ChC cuUHycouaanHa (azoBa pemetka (SPG) upe3 u3mon3BaHe Ha HUCKO
KOXEPEHTEH TOYKOB CBETJIMHEH U3TOUHUK OT Tull LED ocBeTtiienue.

B14 - Nazarova, D, Stoykova, E, Nedelchev, L, Ivanov, B, Berberova, N,
Malinowski, N, Monitoring of a drying process in polymer water
solutions by dynamic speckle detection, (2016), BULGARIAN
CHEMICAL COMMUNICATIONS, Volume 48 Special Issue G, Page
49-52, ISSN: 0324-1130

ABSTRACT

Observation of speed of processes by dynamic speckle analysis has been applied to different
samples of industrial or biological nature. The method allows for indicating regions of lower or
higher activity on the sample surface through statistical processing of the speckle patterns
formed on this surface under laser illumination. The aim of the paper is to check applicability
of dynamic speckle technique for detection of the drying process in polymer water solutions.
For the purpose, we recorded several sets of 256 correlated in time speckle patterns of a
transparent drop of PAZO water solution on a glass plate illuminated by a He-Ne laser. The sets
were separated by intervals of 5 minutes, and the last set was recorded 75 minutes after the start
of the experiment. For statistical description of activity on the observed sample we chose
evaluation of a temporal structure function. The obtained two-dimensional maps of the structure
function at different time lags demonstrated efficiency of dynamic speckle analysis for
monitoring of drying processes in polymer water solutions.

PE3IOME

HabmronaBanero Ha CKOpOCTTa Ha MPOTHYAHE Ha MPOIIECH C TIOMOIITA HAa TMHAMUYEH CIIEKbI
aHaJIM3 € MpUJIaraHo KbM pa3iMyHu 00pa3ly OT MHIYCTPUATHO MM OMOJIOIMYHO E€CTECTBO.
MeTtoabT MO3BOJISIBA J]a CE€ MOCOYAT OOJACTUTE C MO-HUCKA U MO-BHCOKA aKTUBHOCT BBHPXY
MOBBPXHOCTTA Ha o0paselia upe3 CTaTUCTHIecKa 00paboTKa Ha CIIEKbJI KAapTUHUTE, POPMUpPAHU
BBPXY Ta3W MOBBPXHOCT MpHU OcBeTsBaHe ¢ jasep. Llenta Ha Hacrosmara paboTa € na ce
MIPOBEPHU MPUIIOKUMOCTTA Ha TEXHUKATa HA AUHAMHUYHUS CIEKB]I 32 JEeTEKTHpaHe Ha IMpolieca
Ha CbXHEHE Ha BOJIHU Pa3TBOPH HA MOJMMEpPH. 3a OCHIIECTBSIBaHE Ha MPOBEPKATa ca 3alMuCcaHu
HSKOJIKO Cepuu OT 256 KopenupaHu BbB BPEMETO CIEKbBJI KapTUHHU Ha Mpo3pavHa Karka Ha
BOJiIeH pa3TBop Ha PAZO monumep BBPXY CThKJIEHA MOJI0KKa, ocBeTeHa ¢ He-Ne mazep.
Cepunrte 6sixa pa3JelieHd ¢ MeT MUHYTHU WHTEPBAJM, KaTo MOCIeAHATa Cepusl € 3amnucana 75
MUHYTH CJIeJl KamBaHETO Ha KamkaTa. CTaTUCTHYECKOTO OINKCAaHWE Ha AaKTUBHOCTTA B
HaOIto1aBaHusl 00pasel] € MPOBEACHO Upe3 MpEecMATaHe Ha BpeMeBa CTPYKTYpHA (DYHKIIHS.
[Tomydyenure ABYMEpPHHU pasmpeiesieHus Ha Ta3u (YHKIHS 3a pa3IMdHH BPEMEBU JIaroBe
MOTBBPANXa €PEKTUBHOCTTA HA JMHAMHUYHUS CIIEKBJ aHATTU3 32 HAOII0JaBaHe Ha MPOIIECH BHB
BOJIHU PAa3TBOPH HA MOJIUMEPH.
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B15 - Stoykova, E., Nikova T. Ivanov, B., Kim, YM, Kang, HJ,
Elimination of zero-activity regions in dynamic laser speckle coating
drying experiments, (2016) BULGARIAN CHEMICAL
COMMUNICATIONS Volume 48 Special Issue G, Page53-57, ISSN:
0324-1130

ABSTRACT

Dynamic laser speckle method is a useful approach for monitoring the speed of processes by
statistical processing of speckle patterns formed on the surface of diffusely reflecting object at
laser illumination. The most popular algorithms are the intensity-based pointwise algorithms
which rely on capture of correlated in time speckle patterns. These algorithms fail at non-
uniform illumination and require pointwise normalization to produce correct results. The
normalized processing encounters difficulties in detection of non-varying regions on the object
surface. The paper proposes usage of a specially designed estimator to eliminate these regions.

PE3IOME

JIMHAMHYHUSAT CIEKBI METOJ] € MOJIE3EH MOAXO0/1 32 MOHUTOPUHT Ha CKOPOCTTA Ha MPOTHYAHE
Ha TIPOIECH Ype3 CTaTUCTHUYecKa oOpaboTKa Ha CIEKbJ KapTUHUTE, oOpa3yBall ce BBPXY
MOBBPXHOCTTA Ha AU(PY3HO OTpa3siBalld OOCKTH IIPU OCBETsBaHE ¢ na3ep. Haii-momymnspuu ca
WHTEH3UTETHO-0a3UPaHNUTE AITOMUTMHU, KOUTO U3UCKBAT 3alKC HA KOPEJIUpPaHU BHB BPEMETO
CHEKBJI n300paxkenus. Te3u anropuTMu He ca epeKTUBHU MPU HEPABHOMEPHO OCBETSIBAHE U CE
Hajara MPOBEXJIAHETO Ha MOTOYKOBO HOPMHUpPAHE 3a TMOCTUTAaHE HA KOPEKTHU PEe3yITaTH.
OO0paboTkara ¢ TOTOYKOBO HOPMHPAHE Cpela TPYTHOCTH IPH JETEKTHPAHETO Ha o0mactu 6e3
MpOMsIHA BBPXY TOBBPXHOCTTa Ha oOekTa. B craTusita ce mpemara H3MOJI3BaHETO Ha
CTELMATHO U3TPaJIeHa OIIEHKA 3a OTCTpaHsIBaHE Ha Te€3H 001acTH.
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