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Volume Scanning
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3D Scanning 
of ñUnscannableò Objects
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Triangulation scanning

ÁTraditional triangulation scanners
illuminate the surface of an object

ÁDetect laser line on object surface

laser

object

intersection 
line
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Áproblematic cases for classical scanners

translucency transparency low albedo

Standard Triangulation scanning
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Light Sheet Range Scanning

ÁWhat if we could see light rays 
propagating through space?

Ádetecting where laser sheet ends might 
resolve the material issue
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Surface Scanning - Setup
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ÁLaser sheet hitting various surfaces in fluorescent 
liquid

subsurface
scattering

black

transparent

object begins where
fluorescence ends

Surface Scanning
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Surface Scanning

Example stack of input images
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space-time slice Iv,RGB(u,t)

We don't know what happens 
behind the 1st surface!
Refraction, reflection, scattering, ... 

Surface Scanning

ÁSpace-time analysis of image stack
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Results

[Hullin, Fuchs, Ihrke, Seidel, Lensch - SIGGRAPH 2008]
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Acquisition
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Object
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Another Object
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Mouse slices
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Surface Extraction - Marching Cubes
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Reconstruction
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Volumetric 3D

Volume Scanning - More Robust 
Beams
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Volume Slicing Microscopy

Citation
Florian O. Fahrbach, Philipp Simon, 
Alexander Rohrbach, "Microscopy with 
self-reconstructingbeams,"Nature
Photonics  4, pp. 780-785, 2010
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Bessel Beams
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Citation
Florian O. Fahrbach, Philipp Simon, Alexander Rohrbach, "Microscopy with self-reconstructingbeams,"NaturePhotonics  4, 
pp. 780-785, 2010

Bessel Beams in Volume Slicing 
Microscopy
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Principle of operation

axicon axicon

With objectWithout object

Healing

property

Citation
Florian O. Fahrbach, Philipp Simon, 
Alexander Rohrbach, "Microscopy with 
self-reconstructingbeams,"Nature
Photonics  4, pp. 780-785, 2010

Gaussian beam
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Sectioned Bessel Beams

Fig. 3

Citation
Florian O. Fahrbach, VasilyGurchenkov, Kevin Alessandri, Pierre Nassoy, Alexander Rohrbach, "Self-reconstructing sectioned Bessel 
beams offer submicron optical sectioning for large fields of view in light-sheet microscopy," Opt. Express 21, 11425-11440 (2013); 
http://www.opticsinfobase.org/oe/abstract.cfm?uri=oe-21-9-11425

  http:/www.opticsinfobase.org/oe/abstract.cfm?uri=oe-21-9-11425
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Fig. 3

Citation
Florian O. Fahrbach, VasilyGurchenkov, Kevin Alessandri, Pierre Nassoy, Alexander Rohrbach, "Self-reconstructing sectioned Bessel 
beams offer submicron optical sectioning for large fields of view in light-sheet microscopy," Opt. Express 21, 11425-11440 (2013); 
http://www.opticsinfobase.org/oe/abstract.cfm?uri=oe-21-9-11425

Image ©2013 Optical Society of America and may be used for noncommercial purposes only. Report a copyright concern regarding this image.

  http:/www.opticsinfobase.org/oe/abstract.cfm?uri=oe-21-9-11425
http://www.opticsinfobase.org/submitCopyrightFeedback.cfm
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Volumetric 3D

Volume Scanning ïResilience 
against Scattering 
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Confocal scanning microscopy

pinhole

light source
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Confocal scanning microscopy

pinhole

light source

photocell

pinhole

r

Á Image blur Ą falloff 

Á Same for the light source

Á falloff

2/1 r

4/1 r
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Confocal scanning microscopy

pinhole

light source

photocell

pinhole
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Confocal scanning microscopy

pinhole

light source

photocell

pinhole
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[UMIC SUNY/Stonybrook]
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ÁNon-linear excitation reduces scattering in 
out-of-focus regions

Two-Photon Microscopy

[Boston University,

Biomicroscopy Lab]
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Deconvolution

Ivo Ihrke
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Outline

ÁDeconvolution Theory

Áexample 1D deconvolution

ÁFourier method

ÁAlgebraic method

Ƅ discretization

Ƅ matrix properties

Ƅ regularization

Ƅ solution methods

ÁDeconvolution Examples
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Applications - Astronomy

ÁBEFORE                                         AFTER 

Á

Images courtesy of Robert Vanderbei
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Applications - Microscopy

Images courtesy Meyer Instruments
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Inverse Problem - Definition

Áforward problem

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

Áinverse problem

Ágiven observations o and a mathematical model M, 
compute the model's parameters
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Inverse Problems ïExample 
Deconvolution

Áforward problem ïconvolution

Áexample blur filter

Ágiven an image m and a filter kernel k, 
compute the blurred image o
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Inverse Problems ïExample 
Deconvolution

Áinverse problem ïdeconvolution

Áexample blur filter

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

Áneed to invert 

Án is noise
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Fourier Solution
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Deconvolution - Theory

Ádeconvolution in Fourier space

Áconvolution theorem ( F is the Fourier transform ):

Ádeconvolution:

Áproblems

Ádivision by zero

ÁGibbs phenomenon

(ringing artifacts)
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A One-Dimensional Example ï
Deconvolution Spectral

Ámost common:                   is a low pass filter

Á Ą , the inverse filter, is high pass

Á Ą amplifies noise and numerical errors
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A One-Dimensional Example ï
Deconvolution Spectral

Áreconstruction is noisy even if data is perfect !
ÁReason: numerical errors in representation of function
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A One-Dimensional Example ï
Deconvolution Spectral

Áspectral view of signal, filter and inverse filter
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A One-Dimensional Example ï
Deconvolution Spectral

Ásolution: restrict frequency response of high pass 
filter (clamping)
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A One-Dimensional Example - Deconvolution 
Spectral

Áreconstruction with clamped inverse filter
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A One-Dimensional Example ï
Deconvolution Spectral

Áspectral view of signal, filter and inverse filter
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A One-Dimensional Example ï
Deconvolution Spectral

ÁAutomatic per-frequency tuning: 
Wiener Deconvolution
- Alternative definition of inverse kernel

- Least squares optimal

- Per-frequency SNR must be known


