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Partners
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Visionica (Moscow) working in collaboration 
with

Moscow State University, Laboratory of 
Adaptive Optics

University of Latvia (Riga)
Department of Optometry and Vision Science
working in collaboration with

Institute of Solid State Physics UL, Riga



Description and expertise of partners
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Visionica
The objective of Visionica Ltd. is developing, manufacturing, and supplying 
newest equipment to satisfy the needs of relevant branches of science, 
technology, and medicine.
Visionica Ltd.was founded in 2005 owing to financial support from the 
Foundation for Assistance to Small Innovative Enterprises by a group of 
research scientists of the Adaptive Optics Laboratory (Physics Department of 
M.V. Lomonosov Moscow State University).

The devices developed and manufactured are now being 
successfully operated at 

State Research Institute of Eye Diseases (Moscow) 
S.N. Fyodorov Eye Microsurgery State Institution  
Swiss Federal Technological Institute (Zurich), 
Kestrel Corporation (Albuquerque, USA).

In 2003 the high resolution retinal imaging system has been awarded by 
“NATO Science Partnership Prize”



Description and expertise of partners
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Visionica
Fields of application

Visual optics  
Retinal diagnostic instruments with Adaptive optics    
Laser refraction correction

Recent developments. 
Retinal diagnostic instruments with Adaptive optics 

supervisor
Adaptive optics, Imager, and Analytic software for 

medical Retinal imaging
High-precision monitoring of curved Surfaces and 

Optical inhomogeneities



University of Latvia (Riga)
Department of Optometry and Vision Science

Main goals.
Teaching and providing experimental facilities of optometry
students and PhD students in vision sciences
(ca. 20-25 bach.stud. 10 master st., 1-2 PhD stud. per.year).

Optometry education in Latvia originated on basis of natural sciences
(similar to Ireland, Spain, Portugal, Poland and some other EU countries)
in Faculty of Physics and Mathematics of University of Latvia.
Spectrum of lecturers: 40% physicists, 40% medical, 20% young optometrists. 
Colocated with Institute of Solid State Physics of  UL. That gives a strong
support in using of physical methods and equipment in vision research
(eg. : induced and controllable light scattering in advanced materials to 
simulate vision in adversed conditions, modelling of eye cataract, etc.).

ACCORD, Strasbourg, April 2008

Description and expertise of partners



University of Latvia (Riga)
Department of Optometry and Vision Science

experimental research in following directions:
- investigation of advanced optical materials and designs of vision appliances
- effect of aberrations in eye structures and appliances on retinal image 

formation and on the psychophysically detected human visual response  
- design of the model eye with externally controllable light scattering
- effect of stimuli blurring and decrease of contrast and colour contrast
- designs of software to display visual stimuli on computer screen 
- digital visual stimuli image processing determinant for analyse

of the human visual response 
- vision ergonomics and behavioural optometry;
- evaluation of accommodation/convergence mechanisms 

reading print materials and for regular computer users
- eye kinematics studies for children and adults without and with several 

disorders of  visual perceptions.
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Visionica
Dr. Andrey Larichev
Dr. Nikita Iroshnikov

University of Latvia
Prof. Maris Ozolinsh
PhD. stud. Sergejs Fomins
PhD. stud. Varis Karitans
PhD. stud. Gatis Ikaunieks

Prof. M. Ozolinsh also heads the Institute of Solid State Physics  UL 
Electrooptics Laboratory research. He is the responsible for 
different tasks  in several national projects  (“Biomaterials and medical 
technologies,” a pilot project “Adaptive optics in biomedicine”.) 
and cooperation within EU (Colour Research Lab., Uni. Joensuu, 
EU Large facilities “Fog Chamber” Clermont-Ferrand. 
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Currently involved partners



General objectives.
Developing of equipment for eye retina structure 
investigation for patients with high corneal refractive 
impairments.
Short term objectives (particular for University of Latvia).
General.
To develop the university staff skill and experience 
working with active computer controlled dynamic adaptive 
optics equipment.
Educational.
To promote studies of UL physics and optometry PhD 
students. Use of equipment in Optometry Master courses 
laboratory works.
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Objectives of the project.



VisionicaVisionica Ltd.Ltd.

�� Moscow (Russia) based SME established in Moscow (Russia) based SME established in 
2005.2005.

�� Supported by the FASIE Russian Supported by the FASIE Russian 
Government fund.Government fund.

�� The aim: advance and commercial The aim: advance and commercial 
exploitation of technologies developed in AO exploitation of technologies developed in AO 
Laboratory Of Moscow State University.Laboratory Of Moscow State University.

�� Privately owned by 4 individuals.Privately owned by 4 individuals.
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Laboratory of Adaptive Optics
Moscow State University

• Established in 1975

• The main direction 
of research: 

application of AO technologies in industry 
and healthcare.
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Laboratory of Adaptive OpticsLaboratory of Adaptive Optics

AO retinal imaging

Aberrometry

Wavefront Sensors

Deformable Mirrors

Metrology Systems
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WavefrontWavefront Sensors of Sensors of 
Hartmann type Hartmann type –– principle of principle of 

operationoperation
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ShackShack--Hartman Image Hartman Image 
ProcessingProcessing

�� Location of Spots CentersLocation of Spots Centers
�� CentroidCentroid LocationLocation

�� ParaboloidParaboloid Fitting*(optional)Fitting*(optional)

�� Least Mean Square Decomposition into:Least Mean Square Decomposition into:
�� ZernikeZernike PolynomialsPolynomials

�� Mirror Response FunctionsMirror Response Functions
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Deformable Deformable UnimorphUnimorph MirrorsMirrors
Principle of operationPrinciple of operation
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Deformable Deformable UnimorphUnimorph
MirrorsMirrors
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Deformable Deformable UnimorphUnimorph
MirrorsMirrors
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Mirror DriverMirror Driver
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Deformable Deformable UnimorphUnimorph
MirrorsMirrors--Response FunctionsResponse Functions

Measured response
defocus +100V

Measured response
Astigmatism +200V
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Deformable Deformable UnimorphUnimorph
MirrorsMirrors--Response FunctionsResponse Functions

Measured response
Coma +200V

Measured response
Electrode #4 +200V
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• Set up of the system with adaptive optics control of the wavefront errors.
• Modeling of wavefront errors without human eye, detection of eye 
aberration and feedback control efficiency studies at different wavefront
error amplitude and speed conditions using emission of visible and 
infrared lasers.  Selection of the technical solution for testing of human 
eyes.
• Application of the system for experiments with human eye. 
• Testing of the system for patients with different strength and different 
kind of aberrations. Testing with additional passive wavefront error 
correctors. 
• Psychophysical measurement of subjective vision improvement for 
stimuli of different contrast, different spatial and temporal visual stimuli 
(monochromatic, color contrast) recognition. 
•Working for implementation of the system in laser scanning microscopy 
equipment. 
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Tasks of the project.



Time chart of project activities
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There are several experimental devices supplied by Visionica, 
that can be operated as well separately, as used in one close 
loop adaptive optics system:

• ShaH wavefront sensors
• ShaH software
• piezoelectric quartz unimorph mirrors
• mirror control units with software.
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Visionica supplied equipment.



ShaH wavefront sensor ShaH- 0620 supplied with a 
telescopic system.
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Visionica supplied equipment.



ShaH software:
Wavefront acquisition:
Continuous or ext. trigger mode; absolute (factory calibration) or 
referenced (user calibration) mode; background signal: save and subtract 
in real time. The time history is only limited by the free memory (approx. 
50KB per frame). The stored data are available for retrospective display, 
processing, and analysis.
Real-time functions and displays:
Wavefront display (units: microns or waves): 3D plot; 2D projection; 
synthesized interferogram; Zernike polynomial coefficients (up to 9th 
order); time history of 4 Zernike coefficients or orders; RMS and PV 
phase error.
Point Spread Function measurement: PSF display: 3D plot; 2D 
projection. Parameters: Strehl ratio; best focus plane; focal plane of ideal 
lens.
Retrospective functions and displays. Wavefront display. Spot 
displacement map; residual zonal error of modal approximation.
MTF display. Intensity display.
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Piezoelectric quartz unimorph mirrors.
For the project two mirrors with two different electrode configurations 
will be used.

mirror control unit PMT-30
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Visionica supplied equipment.



Installing and testingof equipment within a configuration consisting of 
laser, beam expander up to 50 mm, mirrors – one for generation of 
wavefront error  and second for adaptive optics correction of the induced
error (the Hartmann-Shack sensor). 

Following testswere already performed:
Measurements of sensitivity, resolution, and speed of sensor 

camera.
Performance of the control of piezoelectric actuators at different 

mode of induced wavefront errors.
Closed loop operation of adaptive optics system.

Using of the elementsof the system for wavefront error measurementsof 
some developed in University of Latvia devices for vision science 
(particularly liquid crystal occluder for ambliopia treatment trainings).
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Currently performed tasks at
University of Latvia.



Fast switching
FELC goggles   

for ambliopia treatment trainings

analog control signals –
(-5 to +5 V)

logic signals for light stimuli
control  -6
port –LPT ports
transparency in open state   < 45%
contrast 1:1000
switching   < 0.1 ms
isolation –
optical, using optical isolators
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Example



labi redzoš � s acs
iesl � gšan � s moments

bri ��u vad �bas l �menis 
“va �� ”

gaismas stimula un  
“slink � s” acs
iesl � gšan � s moments

bri ��u vad �bas 
l�menis “ciet”

Control protocol

left eye opened, right eye
closed

short switching-on of the
“good seeing” eye

(some help in neural activity)

switching-on of the
“lazy” ambliopic eye

and stimulated light is on
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Example



Fast switching FELC goggles .
Interferogramm of the Liquid crystal goggles in opened state (+5V 
applied). the main wavefront error is tilt, Other Zernikes are comparable 
with those of the human eye.
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Fast switching FELC goggles .
Zernikesand Wavefront errorof goggles in the open state.
The tilt obviously is caused due to some technological
reasons, that have formed wedge like layers in the compound. However the tilt 
does not influence seriously the visual performance looking through such goggles.

A
C

C
O

R
D

, S
tr

as
bo

ur
g,

 A
pr

il 
20

08

E
xa

m
pl

e



“Visionica” colleagues installing equipment – Nikita Iroshnikov (in front) and 
Andrey Larichev (at right), and Maris Ozolinsh – Uni.of Latvia (at left).
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The team



Friday evening. After a hard job. Two moscovites together with two university 
PhD students – Sergejs Fomins (the second) and Varis Karitans (the forth from 
left). 
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The team


