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LOCALIZATION OF OPTICAL STRUCTURE 
DISTURBANCES IN BIOLOGICAL TISSUE USING  

DIFFUSE OPTICAL TOMOGRAPHY 
 

A.Yu. Potlov, S.V. Frolov, T.I. Avsievich, S.G. Proskurin 
Tambov State Technical University 
Sovetskaya 106, Tambov, Russia 

spros@tamb.ru 
 
The key features of the described algorithm are: the initial approximation to the spatial distribution of 
the absorption and scattering coefficients in an investigated biomedical object is based on the angle-
dependent Homogeneity Index HI(α) [1] and the assumption that all the absorbing and scattering 
inhomogeneities in the object [2] are spherical and have one value of absorption and scattering in all 
the volume of the inhomogeneity. HI(α) is calculated using normalization of the average flux density 
of late arriving photons for all Time Point Spread Functions (TPSF). The initial approximation is 
formed by mapping of the estimated Homogeneity Index into a step function in accordance with the 
experimentally determined levels of mean values of Late Arriving Photons (LAP). The spatial 
distribution of the absorption coefficient is formed using analysis of the parts where the step function 
is equal to –1. For each part of the step function, it is assumed the biomedical object contains a 
spherical absorbing inhomogeneity with a diameter equal to the half-length of the chord between the 
angles corresponding to the beginning and the end of the step function. Note that the inhomogeneity 
center is assumed to be in the point equidistant from the center and the boundary of this object at the 
angle corresponding to the center of the step function. The initial approximation of the scattering 
coefficient distribution is calculated similarly. The only difference is that the part where the step 
function is equal to +1 is analyzed and scattering inhomogeneities are put into correspondence to 
them. 
The suggested algorithm can be used for fast (dialog mode) localizations of absorbing and scattering 
inhomogeneities in biomedical objects [3, 4] for brain structures diagnostics (fig.1a), traumatology, 
and mammography using Diffuse Optical Tomography (DOT). Application of this algorithm to the 

real biomedical object (Glioblastoma localization) gave the appropriate result (Fig. 1b) for less than 3 
sec. Calculation was performed on HP Z640 Workstation (two E5-2620v3с six-core processors, 4GB 
NVIDIA Quadro K4200 Video Graphics Card, 32 GB DDR4-2133 RAM). 
 
[1] A.Yu. Potlov, S.V. Frolov, S.G. Proskurin Localization of inhomogeneities in diffuse optical tomography based on late arriving photons, 
Optics and Spectroscopy, Vol. 120, № 1, p. 9 (2016) 
[2] A.Yu. Potlov, S.V. Frolov, S.G. Proskurin Movement of the photon density normalized maximum in homogeneous and inhomogeneous 
media with tissue-like optical properties, Laser Physics, Vol.25, №3, p. 035601 (2015) 
[3] H. Dehghani, S. Srinivasan, B. Pogue, A. Gibson Numerical modelling and image reconstruction in diffuse optical tomography,  
Philosophical Transactions of the Royal Society A., Vol. 367, p. 3073 (2009) 
[4] A.B. Konovalov, V.V. Vlasov, A.G. Kalintsev, O.V. Kravtsenyuk, V.V. Lyubimov Time-domain diffuse optical tomography using 
analytic statistical characteristics of photon trajectories, Quantum Electronics, Vol. 36, № 11, p.1048 (2006) 

 
       (a)                                     (b) 

Figure 1 MRI scan of a patient with a glioblastoma (a), the result of the glioblastoma localization (b) 
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Study of different biological tissue absorption spectra in visible 
and near-IR spectral range. 

S.A. Filatova1,2,I.A. Shcherbakov1,V.B. Tsvetkov1,3 

1- General Physics Institute of Russian Academy of Sciences, 119999, Moscow, Vavilov St. 38, Russia; 
2-Ulyanovsk State University, 432017, Ulyanovsk, L. Tolstoy St. 42, Russia; 

3- National Research Nuclear University MEPhI, 115409, Moscow, Kashirskoe sh. 31, Russia. 
 

E-mail address:filsim2910@gmail.com 
 
Result of the laser radiation impact on biological tissues depends of their optical and thermal 
characteristics. For therapeutic and surgical application of lasers we have to know optical properties of 
the biological tissues such as value of water content, absorption coefficient, scattering coefficient and 
refractive index for biological tissues [1], and thermal conductivity coefficient.  
We used skeletal muscle, adipose, spinal cord and dura mater of beef and pork in our study. Such 
choice is determined by the need for a comparison of tissues with varying degrees of regularity 
scattering centers and various water saturation. Muscle tissues were selected from different parts of the 
carcass for comparing the transmission spectra of tissues being different by size, density of the muscle 
fibers and amount of fat. Measuring of transmission spectra for one sample was repeated several times 
with intervals of 10 minutes to observe change in the transmission spectrum over time.Transmission 
spectra were measured by spectrophotometer SHIMADZU UV 3101PC in the spectral range 350-2600 
nm. 
The absorption spectra were obtained by separation scattering from the extinction spectrum. The 
absorption spectra of various skeletal muscle tissues are very similar both in position of the absorption 
bands and value of the absorption coefficient (similarity is observed as well as for beef and pork). 
They are also similar to the absorption in spinal cord samples and dura mater of pork spinal cord. 
Absorption of adipose tissues is quite different from all investigated tissues. 

 
Figure 1.Superposition of extinction spectra of beef (MR01, MN03) and pork (MLB02) muscle tissues, and sample of dura mater of pork 

spinal cord.All spectra are constructed in the same scale and imposed with a shifton the axis Y. 
 

In summary, we measured extinction and evaluated absorption spectra of beef and pork tissues: 
skeletal muscle, adipose, spinal cord and dura mater in the range from 350 to 2600 nm. We compared 
the absorption spectra of biological tissue samples of the same kind, depending on the tissue type. 
Acknowledgements.The research was supported by Russian Academy of Sciences in the frames of 
the program for basic research “Basic and application problems of photonics and the science of novel 
optical materials” and by the Ministry of Education and Science (project № 14.Z50.31.0015). 
 
[1] A.N.Bashkatov, E.A.Genina,V.V. Tuchin, Optical properties of skin, subcutaneous, and muscle tissues: a review, Journal of Innovative 
Optical Health Sciences, 4(01), 9-38, (2011). 
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Optical Coherence Elastography of Porcine Cornea, Sclera, and 

Cornea/Sclera Transition by Tracking Lamb Waves 

 
F. Zvietcovich1, J. Yao2, M. Ramirez3, M. Buckley3, J. P. Rolland2, K. J. Parker1 

1- Department of Electrical and Computer Engineering, 2- The Institute of Optics, 3- Department of Biomedical 

Engineering, University of Rochester, Rochester, NY 14627, USA 

fzvietco@ur.rochester.edu 

 

Measuring biomechanical properties of the eye such as Young’s modulus is fundamental to better un-

derstand, diagnose, and monitor degenerative ocular diseases [1]. This research focuses on the study of 

the propagation of Lamb waves in an ex vivo porcine cornea (Fig. 1a), sclera (Fig. 1b), and cornea/sclera 

transition (Fig. 1c) using phase-sensitive optical coherence tomography (OCT). The phase speed of 

Lamb waves provides localized information about the shear modulus of the medium which constitutes 

the foundation of dynamic OCT elastography [2]. A fresh porcine eye was excited with a needle con-

nected to a piezoelectric actuator in order to produce a tone-burst of 1 kHz propagating from left to 

right. The propagation of the waves was detected using a phase-sensitive OCT system implemented 

with a swept source laser (HSL-2100-WR, Santec, Aichi, Japan) with a center wavelength of 1318 nm. 

The tone was sent every 35 ms in order to acquire motion frames at a frame rate of 20 kHz. The region 

of measurement in the sample consisted of 1024 X 400 elements covering a region of interest 2.5 mm 

high X 15 mm wide. After the acquisition process was conducted, motion frames were acquired and 

stored as a video. Subsequently, space-time maps were calculated for each propagation path parallel to 

the surface of the sample. Herein, the slope of the main peak trajectory of the tone-burst represents the 

inverse of the Lamb wave speed, which is related to the elasticity of the sample [3].  

Porcine cornea reveals differentiated layers as shown in the 2D Lamb wave speed map (Fig. 1d). More-

over, we found a decreasing tendency when a vertical depth-resolved speed profile was analyzed. Sim-

ilarly, sclera tissue shows defined layers (Fig. 1e) in good agreement with the structural image (Fig. 

1b). Finally, the cornea/sclera transition shows two differentiated media in Lamb wave speed (Fig. 1f). 

Experiments reported an average speed of 1.31 m/s for cornea, and 4.42 m/s for sclera. The sclera/cor-

nea average speed ratio was found to be 3.37. In addition, higher localized speed was found in the 

cornea/sclera interface which is consistent with the stress concentration generated by the traction in the 

joint of both tissue types. Further research is required in the area of Lamb waves using new propagation 

models which take into account the estimation of viscoelastic parameters. 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

Fig 1. B-mode structural image of a porcine cornea (a), sclera (b), and cornea/sclera transition (c). 2D Lamb wave speed 

map depicting differentiated layers in cornea (d), sclera (e), and heterogeneous media in cornea/sclera transition (f). 

 

   References:             
[1] C. Edmund, “Corneal elasticity and ocular rigidity in normal and keratoconic eyes,” Acta Ophthalmol. (Copenh.) 66(2), 134–140 (1988). 
[2] I. A. Viktorov, Rayleigh and Lamb waves: physical theory and applications, New York : Plenum Press (1967). 
[3] I. Z. Nenadic, M. W. Urban, M. Bernal et al., “Phase velocities and attentuations of shear, Lamb, and Rayleigh waves in plate-like tissues 

submerged in a fluid (L),” The Journal of the Acoustical Society of America, 130(6), 3549-3552 (2011). 
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3D Cell Structure Imaging with Laboratory Scale Cryo  

Soft X-ray Tomography  
 

Kenneth Fahy1, Fergal O’Reilly1,2, Tony McEnroe1, Jason Howard1, Aoife Mahon1, 

Ronan Byrne1, Osama Hammad1 and Paul Sheridan1  

1SiriusXT Ltd., Science Centre North, Belfield, Dublin 4, Ireland. 
2School of Physics, UCD, Belfield, Dublin 4, Ireland. 

 

Main author email address: kenneth.fahy@siriusxt.com 

 

Cryo-soft X-ray tomography (cryo-SXT) is an extremely powerful technique that allows the imaging 

of an entire cell in its fully hydrated state with natural contrast. Whole cells up to 10-15 microns thick 

can be imaged at a 3D resolution approaching 30 nm. Cryo-SXT preserves volatile structures, and since 

the cell is fully hydrated, avoids artefacts associated with sample shrinkage during dehydration. Cryo-

SXT can also image the thickest parts of the cell, including the perinuclear region that contains many 

of the cell’s organelles, which cannot be imaged in 3D by other techniques. Great progress has been 

made over the last decade in developing cryo-SXT as an imaging technique on synchrotron hosted 

microscopes [1-4]. Workflows have improved which allow non-synchrotron researchers to access the 

technique, and significant expertise has been developed in correlating SXT and cryo fluorescence data 

[5-7]. This amalgamation of techniques integrates 3D molecular localisation data with a high‐resolu-

tion, 3D reconstruction of the cell. Here we report on the development of a compact lab based micro-

scope that aims to deliver synchrotron performance in a system that will turn cryo-SXT into an afford-

able, efficient laboratory tool, thus increasing the scope and throughput of possible research projects. 

The key to this is the development of a sufficiently bright and compact source of soft X-rays. 

 

The technology at the core of the SiriusXT instrument is a high-performance soft X-ray light source 

based on laser-produced plasma emission with the appropriate size, wavelength and brightness, com-

bined with smart optics whose optical quality is not degraded by the debris generated by the plasma. 

This unique combination enables the deployment of a lab-scale stable and robust light source suitable 

for cryo-SXT. We show data on light source performance and first images from our microscope. 

 

 
[1] C.A. Larabell & K.A. Nugent, Imaging cellular architecture with X-rays, Curr. Opin. Struct. Bio., 20, pp. 623-631, (2010). 
[2] G. Schneider et al, Three-dimensional cellular ultrastructure resolved by X-ray microscopy, Nature Methods, 7, pp. 985-988, (2010). 

[3] R. Carzaniga et al, Cryo-soft X-ray tomography: a journey into the world of the native-state cell, Protoplasma, 251, pp. 449-458, (2014). 

[4] J.L. Carrascosa et al, Cryo-X-ray tomography of vaccinia virus membranes and inner compartments, Journal of Structural Biology, 168, 
pp. 234-239, (2009).  

[5] B.P. Cinquin et al, Putting Molecules in Their Place, Journal of Cellular Biochemistry, 115, pp. 209-216, (2014).   

[6] R. Carzaniga et al, Correlative Cryo-Fluorescence and Cryo-Soft X-Ray Tomography of Adherent Cells at European Synchrotrons, 
Methods in Cell Biology, 124, pp. 151- 178, (2014). 

[7] K.C. Dent et al, Critical Step-by-Step Approaches Toward Correlative Fluorescence/Soft X-Ray Cryo-Microscopy of Adherent Mamma-

lian Cells, Methods in Cell Biology, 124, pp. 179-216, (2014). 
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Off-axis holographic Laser Speckle Contrast imaging of blood 
vessels in tissues  

 
A. Abdurashitov1, O. Semyachkina-Glushkovskaya1, V. Tuchin1 

1- Saratov National Research State University, 83 Astrakhanskaya Street, Saratov, 410012 
 

aarkady@me.com 
 
Laser speckle contrast imaging (LSCI) has become the most widely spread tool for functional imaging 
in tissues [1,2]. Incomplete theoretical description and sophisticated interpretation of measurement 
results are completely sidelined by a simple hardware, fastness, consistent results and repeatability. 
By this study we propose a relatively simple approach to extend capabilities of a typical single-
exposure LSCI. It was shown that useful signal in LSCI comes from up to 700 microns from a tissue 
depth [3]. In this relatively small measuring volume, there is no depth-dependence of the signal. In 
many tissues the actual penetration depth of light is much greater than the focus depth of an imaging 
system, especially at imaging of capillaries by high NA objectives.  

Fig. 1. A single-exposure LSCI setup based on Michelson interferometer. 
 
The focus adjustment can be done mechanically by moving either object or objective lens. But this 
will limit speed and repeatability of measurements unless there is usage of high precision and high 
cost hardware. We propose to use off-axis holographic technique (fig. 1) to replace mechanical 
movements by numerical calculations. After recording of off-axis hologram we can retrieve the 
information about wave front in a complex form. Next, we can numerically simulate its propagation 
to a certain distance z along the depth axis of an object. 
Such technique will allow us to obtain three-dimensional stack from one pre-recorded image. 
Along with that, single scattering approximation is an accurate estimation of LSCI signals [3] 
in a case of capillary imaging which makes mathematical formalism easier and intuitive. 
From this we can conclude that our setup can potentially provide a three dimensional 
information about mean velocity distribution in a capillary net. Which is by far most 
demanded diagnostic parameter in the study of stroke and over vascular catastrophes. 
 
[1] M. Davis, et al., "Sensitivity of laser speckle contrast imaging to flow perturbations in the cortex", Biomedical optics express, vol. 7.3, 
pp. 759-775 (2016). 
[2] H. Hayashi et al., "Ocular blood flow measured by laser speckle flowgraphy during aortic arch surgery with antegrade selective cerebral 
perfusion", Journal of Cardiothoracic and Vascular Anesthesia, vol. 30.3, pp. 613-618 (2016). 
[3] M. Davis, SM Shams Kazmi and A. Dunn, "Imaging depth and multiple scattering in laser speckle contrast imaging", Journal of 
biomedical optics,  vol. 19.8, pp. 086001-086001 (2014). 

BP-P-11



Albumin Conformational Changes in Human Blood Plasma 
and in Model Solutions Monitored by Means of 

Capillary Electrophoresis with OD- and LIF-Channels

N. Zhdanova 1a, A. Maydykovskiy 1, E. Shirshin 1, A. Priezzhev 1, E. Prilepskaya 2,
P. Rasner 2, V. Fadeev 1

1- Department of Physics, M.V. Lomonosov Moscow State University, 
119991, Leninskie gory, 1/2, Moscow, Russia

2- A.I. Evdokimov Moscow state University of Medicine and Dentistry
127473, Delegatskaya st., 20-1, Moscow, Russia

a zhdanova@physics.msu.ru

Serum albumin (SA) is the most abundant protein in blood plasma (BP). The main function of SA in
blood circulatory is  to transport  different  ligands such as fatty acids,  drugs,  metabolites,  etc. and
strongly depends on the protein conformation [1]. 
Optical  methods  are  usually  used  to  characterize  SA conformational  changes  in  solutions  under
different conditions (addition of chemicals, varying temperature, pH), and the results of these studies
are extrapolated to human BP. Only a few works are devoted to investigation of SA conformation in
BP to indicate pathological processes [2]. The serious limitation of investigation of human BP via
optical methods is to separate SA optical response from that of other components. 
Here  we  combine  the  advantages  of  optical  methods  with  separation  technique  (capillary
electrophoresis,  CE).  CE is based on the difference between mobilities of  the components in the
electric field which depend on the charge to mass ratio [3, 4]. CE setups are usually equipped with a
single type of detector, e.g., spectrophotometric [4]. In this work we expanded the opportunities of CE
by using simultaneously two types of optical detectors: optical density measurements at 254 nm (OD-
channel) and laser induced fluorescence spectra with excitation at 405 nm and registration in the 450
– 750 nm range (LIF-channel).

Fig. 1. (A) Spectrophoregramma of aqueous solution of BSA.
(B) Phoregramma of human BP: OD-channel and LIF-channel (the spectra were integrated by wavelength)

Here we investigate model  solutions of bovine serum albumin (BSA) as well  as human  BP. The
comparison of signals from OD- and LIF-channels confirms that BSA and human serum albumin in
BP have a fluorescence band centered at 525 nm that can be excited at 405 nm (Fig. 1). Though the
origin of this 405 nm/525 nm band remains debatable, we suppose that it is due to the interactions
between aromatic residues which lead to formation of new low energy excited states. We showed that
the migration time of SA as well as the shape of the 405 nm/525 nm fluorescence band strongly
depends on the bound ligands that allows one to use CE with OD- and LIF-channels for diagnostics of
pathology.
The reported study was supported by Russian Foundation of Basic Research (grant № 16-32-00804). 

[1] T. Jr. Peters, Serum albumin, Advanced in protein chemistry, vol. 37, pp. 161-245, (1985).
[2] G. Fanali, A. di Masi, V. Trezza, M. Marino, M. Fasano, and P. Ascenzi, Human serum albumin: from bench to bedside, Molecular
aspects of medicine, vol. 33, no 3, 209-290 (2012).
[3] P.D. Grossman and J.C. Colburn, Capillary electrophoresis: Theory and practice (Academic Press), (2012).
[4] P.A.H.M. Wijnen and M.P. van Dieijen-Visser, Capillary electrophoresis of serum proteins. Reproducibility, comparison with agarose gel
electrophoresis and a review of the literature, Clinical Chemistry and Laboratory Medicine, vol. 34, no. 7, pp. 535-546 (1996).
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Laser Trapping for the Measurement of Forces at Red Blood Cells 

Aggregation and Disaggregation 
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Leninskiye Gory, 1-2, 119991, Moscow, Russia 

3 - Opto-Electronics and Measurements Techniques Unit, University of Oulu, Erkki Koiso-Kanttilan katu 3, 

90570, Oulu, Finland 
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Laser trapping systems provide a convenient and very effective opportunity for assessing the 

mechanisms of interaction on the level of single cells and/or macromolecules [1]. In this study, laser 

tweezers (LT) were used for trapping the red blood cells (RBC) and measuring the interaction forces 

between them for studying the process of the RBC aggregation. Spontaneous aggregation of RBCs 

takes place both in vivo and in vitro and leads to the formation of first linear and then 3D aggregates, 

which can be disassembled (disaggregated) when shear stresses in the flow or other external forces are 

applied. RBC aggregation significantly influences the blood viscosity at low shear stress conditions 

and affects the blood circulation. With the perspective for the clinical application a number of 

methods were developed for the quantitative assessment of this property [2]. Recently the LT were 

introduced to this research and were shown to be a promising tool for the further assessment of the 

RBC aggregation. In particular LT could characterize the cells interaction strength, which cannot be 

measured with the conventional methods [3]. 

We measured the cells aggregation and disaggregation forces (FA and FD respectively) using a home-

made two-channel LT comprising two Nd:YAG lasers (1064 nm, 200 mW) and a high numerical 

aperture objective (N.A. = 1.00, x100). One lasers beam could be moved using a motorized-mirror. 

The measurements were performed in diluted suspension of RBCs (~0.05%) in autologous plasma. 

The blood for measurements was drawn by venipuncture from patients suffering from Diabetes 

Mellitus Types I and II (DMI and DMII respectively) and from healthy donors. 

FA – the force leading to overlapping of the two adjacent cells was measured by comparing it with the 

minimum trapping force (FT) required for holding the cells from spontaneous overlapping. 

Measurements were performed in 3 stages: (1) two single RBCs were trapped using different channels 

of LT; (2) these cells were moved and brought to a point contact; in this position, the cells remain still 

as long as FT > FA; (3) FT was slowly decreased by decreasing the beam power until FA exceeds FT 

and the cell escaped from the trap and overlap. At this point we considered that   was matching FT. 

FD – the force that should be applied to separate the cells from each other was measured in 4 stages: 

(1-2) the aggregate of two RBCs was formed with the same procedure as for FA measurements; (3) – 

the cells were separated by moving one of the channels of LT, while the trapping force was slowly 

decreasing; (4) – the FT sufficient for separating the cells was found which is equal to FD. 

Each set of FA and FD measurements was performed on 15 pairs of RBC for each blood sample and 

within 3 hours after drawing the blood. Each group of donors included 5-7 persons. The results 

showed that FD exceeds FA by 10-15% in all of the groups. The highest values of the RBC interaction 

forces were obtained in DMI group (FA = 6.3 ± 1.5 and FD = 7.4 ± 2.1 pN). The results in DMII group 

were FA = 3.1 ± 0.8 and FD = 5.0 ± 1.3 pN. The results in the group of healthy controls were              

FA = 0.9 ± 0.2 and FD = 4.9 ± 1.3 pN. We conclude that the cells interaction forces are elevated in the 

blood of DMI and DMII patients, the highest elevation being observed especially in the former case. 

The highest difference between FA and FD was found for healthy donors. This difference decreases 

when the cells interaction is enhanced in disease, and finally almost vanishes as in the case of DMI. 

The work was partially supported by the RFBR grant № 16-52-51050. 

 
[1] P. Ashokand, K.Dholakia, Optical trapping for analytical biotechnology, Current Opinion in Biotechnology, vol. 23, pp. 16-21 (2012). 
[2] O. Baskurt, B. Neu and H. Meiselman, Red Blood Cell Aggregation (CRC Press), Chapter 4 Measurement of Red Blood Cell 

Aggregation, (2012). 

[3] K. Lee, A. Danilina, M. Kinnunen, I. Meglinski and A. Priezzhev, Probing the red blood cells aggregating force with optical tweezers, 
IEEE Journal of Selected Topics in Quantum Electronics, vol. 22, pp. 7000106 (2016). 
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Nano-sensitive optical coherence tomography for the study of 

structural changes under deformation 
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Optical coherence tomography (OCT) is a rapidly advancing optical imaging technique. It is non-

contact, non-invasive and can offer depth-resolved images of highly scattering samples in real time. 

OCT has myriad applications in the field of biomedical imaging and diagnosis.  One such application 

is optical coherence elastography (OCE). OCE is a promising new method for measuring a sample’s 

mechanical properties. It is performed by applying some mechanical stimulation, or stress, and using 

OCT to detect the resulting displacement with submicron resolution, usually through speckle tracking 

or phase detection. The magnitude of the displacement is then related to the mechanical properties of 

the sample [1].  

 

Nano-sensitive OCT (nsOCT) is a novel label-free imaging technique which has been shown to provide 

axial structural information with nanometre sensitivity [2]. In nsOCT, the image contrast is based on 

the spatial frequencies present in a sample. The axial spatial frequencies are directly related to the 

sample structure. When a sample is illuminated at a fixed illumination angle, the wavelength of the light 

scattered from a particular sample location depends on the spatial frequency content of the sample. At 

each sample location, each of the diffracted wavelength components encode a particular spatial 

frequency component. In Fourier domain OCT (FDOCT), the spectrum at the detector is composed of 

multiple backscattered wavelengths. Conventional OCT image reconstruction relies on an inverse 

Fourier transform, during which the spatial information is integrated, which means there is some loss 

of high frequency information in the reconstructed sample axial profile. In nsOCT, the information is 

retained by encoding each axial spatial frequency with one unique wavelength [3]. Wavelength is 

unchanged by the Fourier transform from wavenumber domain to depth domain so the encoded axial 

spatial frequency is not lost.  

 

This study considers the changes that occur in the structure of a sample under axial deformation. Axial 

deformation should lead to a change in the axial spatial frequencies. Using nsOCT, the changes in the 

axial spatial frequency before and after deformation will be investigated and visualised. In contrast to 

conventional OCE, the spatial distribution of deformations can potentially be reconstructed from just a 

single frame. Since pathologies such as cancer show structural changes at the nanoscale, the method 

shows promise as a useful contrast mechanism for elastography. 

 

 

 

 

 

 

 

 
 
[1] B. Kennedy, K. Kennedy, D. Sampson, “A Review of Optical Coherence Elastography: Fundamentals, Techniques and Prospects”, IEEE 

Journal on Selected Topics in Quantum Electronics, 20, 2, 7101217, (2014). 
[2] S. Alexandrov, H. Subhash, A. Zam, M. Leahy, “Nano-sensitive optical coherence tomography”, Nanoscale, 6, pp.3545-3549, (2014). 

[3] S. Alexandrov, H. Subhash, M. Leahy, “Nanosensitive optical coherence tomography for the study of changes in static and dynamic 

structures”, Quantum Electronics, 44, 7, 657-663, (2014) 
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Doppler MR-OCT angle optimization and depth characterization 
for flow detection and velocity measurement 

 

Sean O Gorman1*, Roshan Dsouza1, Kai Neuhaus1, Josh Hogan3, Carol Wilson3, Paul M. 
McNamara1,3 and Martin J. Leahy1,2  

1Tissue Optics and Microcirculation Imaging group, School of Physics, National University of Ireland, Galway, 
Ireland.                                                                                                                                                                                                      

2Royal College of Surgeons (RCSI), Dublin, Ireland.                                                                                                            
3Compact Imaging, Inc., 897 Independence Ave., Suite 5B, Mountain View, CA 94043 USA.                  

*s.ogorman2@nuigalway.ie 

ABSTRACT 

Multiple reference optical coherence tomography (MR-OCT) is a new compact optical imaging device based on a 
recirculating reference arm scanning optical delay.  This technology promises to be a robust, cost-effective semi-
solid state design capable of integrating with next generation mobile devices. The re-circulating optical delay 
utilizes a voice coil actuator and a partial mirror to build up a multiple order interference pattern which can be 
simultaneously detected with each sweep of the actuator. Our group has recently demonstrated the capability of this 
method to detect and measure flow using Doppler signal analysis. The MR-OCT system operates at 1310nm with a 
spatial resolution of ~26 µm and an axial scan rate of 600Hz. Initial studies show a displacement-sensitivity of ~20 
nm to ~120 nm for the first 1 to 9 orders of reflections, respectively with a mirror as test-sample. The corresponding 
minimum resolvable velocity for these orders are ~2.3 µm/sec and ~15 µm/sec respectively. The angle-dependence 
of the Doppler signal and flow measurements in agar capillary flow phantoms are investigated to examine the depth 
dependence of velocity measurement in scattering media.  

Keywords: Multiple reference optical coherence tomography, time-domain, wearable devices, biometrics  
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Improved signal quality of filtered signals for multiple
reference optical coherence tomography (MR-OCT)

using a Gaussian window.

Kai Neuhaus1 Sergey Alexandrov2 Roshan Dsouza3, Sean O’Gorman4, Paul

McNamara5, Josh Hogan6, Carol Wilson7, Martin Leahy8, and Hrebesh Subhash9

1-5,8,9 – Tissue Optics and Microcirculation Imaging Group, School of Physics, National University of
Ireland, Galway, Ireland

8 – Royal College of Surgeons (RCSI), Dublin, Ireland
3,5-7,9 – Compact Imaging, Inc., 897 Independence Ave., Suite 5B, Mountain View, CA 94043 USA

k.neuhaus2@nuigalway.ie

The growing interest in portable and low-cost optical coherence tomography (OCT) to improve point-of care
applications is apparent with increasing research efforts using photonics integrated circuits. MR-OCT is an-
other technology that is using the advantages of well known CD/DVD-ROM technology to build miniaturized
and low-cost OCT systems. To separate the the multiple signals originating from the multiple reflections of
the partial mirror in the reference arm of Michelson interferometer the filtering can be improved by limiting
the signals with a Gaussian window. Additionally a filter using a Gaussian window in the frequency domain
is compared to an elliptic and an Chebychev type 2 filter. The SNR is compared on a variety of test signals
generated with a mirror in the sample arm at different attenuation levels and the CNR is used to compare
the image quality on a layered tape as a scattering sample.

[2]sergey.alexandrov@nuigalway.ie
[3]r.dsouza1@nuigalway.ie
[4]s.orgorman2@nuigalway.ie
[5]pmcnamara@compactimaging.com
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Modern optics provides unique opportunities for the investigation of brain and higher nervous 
activity. The combination of advanced laser technologies and neurosciences is opening a new multi-
disciplinary direction of natural sciences — neurophotonics. Neurophotonics is providing the 
development of a wide spectrum of tools for functional brain diagnostics, stimulation of individual 
neurons and neural networks, as well as molecular engineering of brain cells aimed at a diagnosis and 
therapy of neurodegenerative and psychic diseases. Optical fibers suggest unique approaches helping 
to confront the most challenging problems in brain research, including the analysis of cellular and 
molecular mechanisms behind memory and cognition. Optical fibers of new generation offer new 
solutions for the development of fundamentally new, unique tools for neurophotonics and laser 
neuroengineering — fiber-optic neuroendoscopes and neurointerfaces [1-3]. Neurointerfaces open 
new horizons for the investigation of the most complex brain functions, enabling a long-term 
multiplex detection of fluorescent protein markers, as well as photostimulation of neuronal activity in 
deep brain areas in living, freely behaving animals with an unprecedented spatial resolution and 
minimal invasiveness [4-6]. This emerging technology opens new horizons for understanding learning 
and long-term memory through experiments with living, freely behaving mammals.  

In the present work, we demonstrate optical reconnectable neurointerface based on bundles of 
microscaled fibers integrated with scanning fast galvanometric mirrors. We used reconnectable 
neurointerface and different lines of  transgenic mice for low invasive in vivo experiments, that  
demonstrated  multiplex visualization of marker proteins in the brain of freely moving animals with 
cellular space resolution at long temporal scale. This work was supported by the  Program ‘Research 
and Development in Priority Areas of Development of the Russian Scientific and Technological 
Complex for 2014–2020’ (Contract 14.607.21.0092 of November 21, 2014; unique identifier of 
applied research: RFMEFI60714X00. 
 
 
[1] E.S. Boyden, F. Zhang, E. Bamberg, G. Nagel, and K. Deisseroth, "Millisecond-timescale, genetically targeted optical control of neural 

activity." Nature Neuroscience, vol. 8, pp.1263–1268 (2005). 
[2] K. Deisseroth, “Optogenetics.” Nature Methods, vol.8, pp. 26–29 (2011). 
[3] D.R. Sparta, A.M. Stamatakis, J.L. Phillips, N. Hovelsø, R. van Zessen, and G.D. Stuber, “Construction of implantable optical fibers for 

long-term optogenetic manipulation of neural circuits.” Nature Protocols, vol. 7, pp.12 – 23 (2012). 
[4] L.V. Doronina-Amitonova, I. V. Fedotov, O. I. Ivashkina, M. A. Zots, A. B. Fedotov, K. V. Anokhin, and A. M. Zheltikov, "Implantable 

fiber-optic interface for parallel multisite long-term optical dynamic brain interrogation in freely moving mice." Scientific Reports. vol. 3, 
n.3265 (2013). 

[5] L.V. Doronina-Amitonova, I.V. Fedotov, O.I. Ivashkina, M.A. Zots, A.B. Fedotov, K.V. Anokhin, and A.M. Zheltikov. “Enhancing the 
locality of optical interrogation with photonic-crystal fibers.“ Applied Physics Letters. vol.101,  pp. 021114 (2012). 

[6] L.V.Doronina-Amitonova, I.V.Fedotov, A.B.Fedotov, K.V.Anokhin, A.M.Zheltikov. “Neurophotonics: optical methods to study and 
control the brain.” Physics-Uspehi. vol. 58, pp. 345–364 (2015). 
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