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Triangulation scanning G OPTIOUE
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ATraditional triangulation scanners
illuminate the surface of an object
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Standard Triangulation scannin

A problematic cases for classical scanners
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A What if we could see light rays
propagating through space?

A detecting where laser sheet ends might
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glass tank

laser sheet
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A E__as_eorI sheet hitting various surfaces in fluorescent
Iqui

,L -

object begins where
fluorescence ends

transparent
subsurface
scattering

black
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Example stack of input images
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ASpace-time analysis of image stack

space-time slice |, ggg(U,t)

We don't know what happens
behind the 15t surface!
Refraction, reflection, scattering, ...




[Hullin, Fuchs, Ihrke, Seidel, Lensch - SIGGRAPH 2008]
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Volume Slicing Microscopy

Argon laser

\4
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Citation

Florian OFahrbachPhilipp Simon,
AlexandemRohrbach"Microscopy with
self-reconstructingbeams"Nature
Photonics 4pp. 788785, 2010
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Ring system of the Bessel beam

Main lobe of the Bessel beam

Scattered light in
the ring system



Bessel Beams in Volume Slicing
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b Scanned Gaussian beam _

Static light sheet

Citation
Florian OFahrbachPhilipp SimonAlexanderRohrbach"Microscopy with slf-reconstructingpeams”Nature Photonics 4

pp. 780785, 2010
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Gaussian beam Without object With object
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Fig. 3

Citation
Florian OFahrbachVasilyGurchenkoyKevinAlessandriPierreNassoy AlexandeiRohrbach "Selfreconstructing sectioned Bessel

beams offer submicron optical sectioning for large fields of view in-ghet microscopy," Opt. Expreg4, 1142511440 (2013);
http://www.opticsinfobase.org/oe/abstract.cfm?uri=621-9-11425
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  http:/www.opticsinfobase.org/oe/abstract.cfm?uri=oe-21-9-11425

Gaussian Bessel Sect. Bessel

Fig. 3

Citation

Florian OFahrbachVasilyGurchenkoyKevinAlessandriPierreNassoy AlexandeiRohrbach "Selfreconstructing sectioned Bessel
beams offer submicron optical sectioning for large fields of view in-ghet microscopy," Opt. Expre&4, 1142511440 (2013);
http://www.opticsinfobase.org/oe/abstract.cfm?uri=621-9-11425
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light source

pinhole
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light source

- pinhole

A Image blur A 1/ r° falloff
A Same for the light source

. A falloff
pinhole = 1/r*

photocell
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light source

- pinhole

pinhole

photocell
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light source

- pinhole

S pinhole
photocell
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[UMIC SUNY/Stonybrook]
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Two-Photon Microscopy GoPTIoUE ==

ANon-linear excitation reduces scattering in
out-of-focus regions

1-photon excitation 2-photon excitation

1L

constant ------\EEEE..

[Boston University,
Biomicroscopy Lab]
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ADeconvolution Theory
Aexample 1D deconvolution
AFourier method

AAlgebraic method
b discretization
b Mmatrix properties
b regularization
b

solution methods

ADeconvolution Examples
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ABEFORE AFTER

Images courtesy of Robert Vanderbei
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Images courtesy Meyer Instruments
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Inverse Problem - Definition dommouE =——=

Aforward problem

A given a mathematical model M and its parameters m,
compute (predict) observations o

o= M(m)

Ainverse problem

A given observations o and a mathematical model M,
compute the model's parameters

m = M~ *(o)
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Inverse Problems i Example nstiTur ==
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Deconvolution oo

Aforward problem i convolution
Aexample blur filter

Agiven an image m and a filter kernel k,
compute the blurred image o

o=mQEk




Inverse Problems i Example nstiTur ==
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Deconvolution oo

Ainverse problem i deconvolution
Aexample blur filter

Agiven a blurred image o and a filter kernel k,
compute the sharp image

Aneed to invert
o=mQk+n

An IS noise
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A deconvolution in Fourier space

A convolution theorem ( F is the Fourier transform ):

o=m®®k, =3F{o}=F{m} Fl{k}

I {0}

A deconvolution: = F{m} =

T (k)

A problems
A division by zero
A Gibbs phenomenon

(ringing artifacts)




A One-Dimensional Example 1 instiTur ==
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Amost common: F{k} isalow pass filter

1
A A gg{k} , the Inverse filter, is high pass

A A amplifies noise and numerical errors
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A reconstruction is noisy even if data is perfect !
A Reason: numerical errors in representatlon of function

sgr@d =g kerel

||||||||||
--------------------------

observation reconstructed signal

Wi TR *
T ] M\WW||||||'.=\,,_|. |m.!| “ I\NNHHMH 013
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A spectral view of signal, filter and inverse filter

FFT of igkid ~—— FFTofkernel
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A solution: restrict frequency response of high pass
filter (clamping)

ey ey <Y
gy = { TG, TP

TF{ky] &°°
F{m} = UT{o}-TF{g}
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Areconstruction with clamped inverse filter

||||||||
——————————————————————————

observation reconstructed signal

- il LA :
D WMJ|1.'H|| .1.!|  1 2. I}I.flpi!.

||||||||
-----------------------

113



A One-Dimensional Example 1 NSTIUT =
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Deconvolution Spectral

A spectral view of signal, filter and inverse filter

FFT of igkid ~—— FFTofkernel




A One-Dimensional Example i
Deconvolution Spectral

A Automatic per-frequency tuning:
Wiener Deconvolution
- Alternative definition of inverse kernel
- Least squares optimal
- Per-frequency SNR must be known
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