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Key concepts

Fourier transform

Point spread function (réponse impulsionnelle du systéme)
Convolution and deconvolution

Low, High and Band pass filtering

Signal to noise ratio

Central slice theorem and 3D reconstruction

Digital image representation
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Spatial Domain (x)
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o= fh

>

<>

Frequency Domain (u)
G = Fr
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So, we can find g(x) by Fourier transform
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From: https://www.originlab.com/doc/Origin-Help/Convolution
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from: https://en.wikipedia.org/wiki/Point_spread_function
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from: http://fourier.eng.hmc.edu/e101/lectures/Image_Processing/node2.htmi
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Numerically sampled values
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Image frequency decompostion
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Resulting Weighted Fourier
image component component



Motion blur (le flou cinétique)
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Fourier space filtering
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Fourier space filtering
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Fourier space filtering
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Fourier space filtering

CTF-corrected
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30 nm

Af=0nm

Af = 2000 nm

Downing & Glaeser, Ultramicroscopy 2008



Signal to noise ratio

(a) Clean

(h) SNR=1/64 (i) SNR=1/128
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From: https://www.semanticscholar.org/paper/Detecting-consistent-common-lines-in-cryo-EM-by-Singer-Coifman/639029f2c4af8d9f384d623695e3dcb4 3590fc02



Projection theorem (or Fourier slice)

F(h.k, 1) = /// o(z, vy, z)e2™ @Rzl dodydz




Projection theorem (or Fourier slice)

F(h,k, 1) = /// p(x,y, z)e?™@hTvk+2l) dodydz

A
o = \
F(h,k,1) = / / / / o(x,y, 2)dz 2™ @YD) dodydz




Projection theorem (or Fourier slice)

F(h, k.1 /// (z,y, 2)e2™ @V 2D dodydz

F(h, k.1 /// / (2,9, 2) dz e2mi@htyktzl) dordydz
F(h,k.1) /// [ITIJ x, y)e? ™ @h Tkl dodydz




Projection theorem (or Fourier slice)
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Projection theorem (or Fourier slice)
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Projection theorem (or Fourier slice)

F(h,k.1) /// (z,y, 2)e2™ @V 2D dodydz
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Projection (or Fourier slice) theorem 2D
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Projection (or Fourier slice) theorem 3D




unsigned char

signed char

unsigned short int

signed short int
unsigned int
signed int
unsigned long int
signed long 1nt
float

double

long double

0
=128
0
-327/68
0
-32768
0
-2147483648
-3.4 *107-38
-1.7*10A-308
-3.4*107-4932

Image sampling and quantization

255
127
63535
32767
85535
32767
4294967295
2147483647
3.4 *10738
1.7*107308
1.1*107+4932

P

8 pixels
A

pixel(x,y)




Floating-point number representation

6.63 1034
S~~~ X S——

Mantissa  Exponent

0 1 89 31 (big-endian)

1| 8 bits 23 bits

3130 23 22 0 {little-endian)

SINGLE-PRECISION

(big-endian)

0 1 11 12 63

1 11 bits 52 bits

63 62 52 51 0
(little-endian)

DOUBLE-PRECISION
212064



Digital image representation

Creation of a Digital Image Bit Depth and Gray Levels in Digital Images
Analog Image Digital Sampling Pixel Quantization 2Bit 4Bt 6Bit 7Bit 8Bt 108Bit

e
.

16 64 128 266 1,024

248 |244(240[230]208[233]227] 251|255
248[245[210] 93 [ 81 [120] 97 [ 193254
260|170]133] 84 |137|120[ 04| sas]2s3
241 |116[118[107]134[138] 06 | 92 [se3
277 |s42]121 113 124[115[s07] 71 |79
234|108] 84 | 125] 97 [s08|125[s06[204
241
253
255

202]102{132| 75 | 73 [s41] 246282
262|244

Spatial Resolution Effect on Pixelation in Digital Images
Gray Levels -
(Bit Depth)

Grayscale Histograms and Contrast Levels in Digital Images
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0 GraylLevel 255 0 Graylevel 255 0 GraylLevel 255
from: http://hamamatsu.magnet.fsu.edu/articles/digitalimagebasics.html
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Histograms: R, G, B, |

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



Image

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

Information: any entity or form that resolves uncertainty or provides
some answer to some kind of question.

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

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

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

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

Operation: any of various mathematical or logical processes (such

as addition, multiplication, etc) of deriving one entity from others
according to a rule.

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