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What is a byte?
How numbers are stored in a computer?

What is a pixel?
How pixels are stored as an image?

What is an image? (for a SCIENTIST)
Digital signal processing with Mr.Fourier

1 dimension, 2 dimensions, 3 dimensions
Symmetry!



Image sampling and quantization

From: 
https://www.ibm.com/support/knowledgecenter/e
n/SSLTBW_2.1.0/com.ibm.zos.v2r1.cbcpx01/dat
atypesize64.htm
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American Standard Code for Information Interchange (1963)



Floating-point number representation



Digital image representation

from: http://hamamatsu.magnet.fsu.edu/articles/digitalimagebasics.html



from: http://demo.ipol.im/demo/27/

Histograms of pixel values



from: http://demo.ipol.im/demo/27/

Histograms of pixel values





x(t) y(t)h(t)

Linear time-invariant system



x(t) y(t)h(t)

y(t) = x(t)∗h(t)

Linear time-invariant system



x(t) y(t)h(t)

y(t) = x(t)∗h(t)

Linear time-invariant system

CONVOLUTION
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(translational symmetry)
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From: https://en.wikipedia.org/wiki/Fourier_series
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from: https://en.wikipedia.org/wiki/Point_spread_function

From: https://www.originlab.com/doc/Origin-Help/Convolution



fmax

from: http://fourier.eng.hmc.edu/e101/lectures/Image_Processing/node2.html



fmax

from: http://fourier.eng.hmc.edu/e101/lectures/Image_Processing/node2.html

2 fmax



fmax

from: http://fourier.eng.hmc.edu/e101/lectures/Image_Processing/node2.html

2 fmax

t0 = pixel size

1/t0 >= 2 fmax     (to avoid frequency overlap)

fmax <= 1/(2t0)    (Nyquist limit)



fmax

from: http://fourier.eng.hmc.edu/e101/lectures/Image_Processing/node2.html



fmax

from: http://fourier.eng.hmc.edu/e101/lectures/Image_Processing/node2.html



fmax

from: http://fourier.eng.hmc.edu/e101/lectures/Image_Processing/node2.html

Numerically sampled values
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Image frequency decompostion



Resulting 
image

Weighted
component

Fourier
component



Motion blur



Motion blur convolution deconvolution



Motion blur convolution deconvolution



Fourier space filtering

low-pass
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Fourier space filtering

high-pass
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Fourier space filtering

CTF
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Fourier space filtering

CTF-corrected
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Projections and retro-projections



Projection theorem (or Fourier slice)



Projection theorem (or Fourier slice)



Projection theorem (or Fourier slice)



Projection theorem (or Fourier slice)



Projection theorem (or Fourier slice)



Projection theorem (or Fourier slice)



Projection (or Fourier slice) theorem 2D

start here
2D object

1D projection Fourier space 
filling up

(interpolation
& averaging)Fourier inversion

Fourier 1D slice



Projection (or Fourier slice) theorem 3D



Initial 3D model

3D reconstruction procedure

Projection 
matching

3D reconstruction (       )



Point group symmetry (icosahedron)



Dengue
Rinovírus Foot and 

mouth 
disease

Feline 
parvovirus

Tobacco mosaic virus

Phage  T4

Mimivírus (giant vírus)

Pra que serve?

Viruses











From: http://www.microbiologyinfo.com/differences-between-light-microscope-and-electron-microscope/
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1 x10-8 s
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From: http://www.microbiologyinfo.com/differences-between-light-microscope-and-electron-microscope/

300 KV
~2x108 m/s (78% of c)

Column
2m high

2m / 2x108 m/s = 
1 x10-8 s

Flux 20x108 é/s

Typical dose:
10 é/Å2

or 20x108 é
(~8x10-4 Da/é)
~1.75 MDa !!!

Typical magnification:
   30000X ~ 60000X

Typical exposed area:
 ~ 2 µm2 = 2 x108 Å2

20 é flying through the 
column simultaneously



100 µm

at the detector level: 108 photons / s / mm2

Detector surface: ~25220 mm2

108 * 25220 = 2.522 * 1012 photons / s
100 µm / 3*108 m/s = 3.3*10-14 s ~= 33 fentoseconds
2.522*1012 photons/s  * ( 3.3 *10-13 s) =
8.4 photons/100 µm (inside the crystal)
i.e. the photons are spaced by ~12 µm !









Signal to noise ratio

From: https://www.semanticscholar.org/paper/Detecting-consistent-common-lines-in-cryo-EM-by-Singer-Coifman/639029f2c4af8d9f384d623695e3dcb43590fc02



Definitions
1. Information: any entity or form that resolves uncertainty or provides 

some answer to some kind of question.

2. Data: something from which information can be extracted (or not).

3. Image: a visible impression containing information obtained by a 
camera, telescope, microscope, or other device.

4. Digital image processing: to perform operations on images 
using digital equipment (e.g. computers).

5. Digital: data represented as a finite sequence of finite discrete values.

6. Operation: any of various mathematical or logical processes (such 
as addition, multiplication, etc) of deriving one entity from others 
according to a rule.

7. Digital image analysis: process by which information is 
extracted from images.







from: http://www.telescope-optics.net/aberrations.htm



Overiew

● Digital image representation
● Microscopes are linear time-invariant systems
● Signal processing and Fourier transform
● Point spread function
● Convolution and deconvolution
● Low, High and Band pass filtering
● Central slice theorem and 3D reconstruction
● Point-group symmetry (icosahedral)


