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Essential steps in image processing
Low-level and mid-level processes in image processing

remove background,
remove noise

restore useful information,
deconvolution

identify regions of interest
(ROls)

extract parameters like size,
volume, speed, intensity,
fluorescence lifetime

group objects into different
classes
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Essential steps in image processing
Just one example: Optical character recognition (OCR)

Binarization, noise reduction,
removal of artefacts

correction of the alignment
and the angle of view

Extraction of letter or word
segments

Extraction of the
characteristic features of a
letter

Assigning ASCII code to the
characters
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Image acquisition

Some examples
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O Image acquisition
Effects of optical image formation

Camera: Canon EOS 6D Mark Il Camera: Canon EOS 6D Mark Il

Lens: LOREO 35 mm Lens: Canon EF 24-70 mm, 1:4L, IS USM, set to 35 mm
Exposure time: 1/400s = 2.5 ms Exposure time: 1/1250s = 0.4ms

Aperture: 5.6 Aperture: 5.6
Gain: 1ISO200 Gain: 1SO200

Price: ~ 35 € Price: ~ 830 €
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O Image acquisition
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Camera: Canon EOS 6D Mark Il
Lens: Canon EF 24-70 mm, 1:4L, IS USM, set to 35 mm
Aperture: 8, Gain: 1ISO200

Exposure time: 1 ms



Image acquisition
Effect of lllumination




O Image acquisition
Effect of lllumination

Exposure to daylight on a cloudy day Exposure to room light (LEDS)




Image acquisition
Effects of sampling

Image sampled with 6240 x 4160 points Image sampled with 780 x 520 points
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What is visible for humans?

The electromagnetic spectrum
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1e eye as a spectral image sensor
Cross:section of the eye

Cornea

Visual axis Iris

Ciliary zonule

Ciliary
processes

Ciliary body
Ora serrata
Sclera
Choroid
Retina
) Posterior
Ethmoidal cavity
labyrinth
Lateral rectus
Medial rectus muscle
muscle
Optic disc Fovea
Optic nerve 15

Central artery
and vein
Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 572.



® The eye as a spectral image sensor
The optical part - Accommodation

For close vision: Ciliary muscle contracted, lens rounded

Lens rounded
Focal point

on fovea

Ciliary muscle
contracted

For distant vision: Ciliary muscle relaxed, lens flattened

Lens flattened

Ciliary muscle
relaxed
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Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 579.



® The eye as a spectral image sensor
The optical part

The eye has a fixed A cameralens has a
focal distance and fixed size and shape
focuses by varying the and focuses by varying

shape of the lens. the distance to the film.
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Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 582.



® The eye as a spectral image sensor
The fundus

Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 576.
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® The eye as a spectral image sensor
Demonstration of the presence of the blind spot
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Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 577.



The eye as a spectral image sensor
Demonstration of the presence of the blind spot
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® o The eye as a spectral image sensor
The retina

Amacrine cell

A

|
|

Ganglion cells— =

=

i

A

|

. ,'I
-4 [
&y

] u__;?__‘éc:

kAL

3\ U e

G2

Nuclei of

ganglion cells

Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 576.

MNuclei of rods

LM x 350

Nuclei of

and cones bipolar cells

21




® The eye as a spectral image sensor
Rod and cone density in the retina

Horizontal section at position of

Vertical section the arrowhead in panel Aand C

Fovea centralis

Near periphery

Scale bar = 10um

Fig. from: Curcio et al., J Comp Neurol 292, 497-523 (1990)



® The eye as a spectral image sensor
Rod and cone density in the retina
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The eye as a spectral image sensor
Spectral sensitivity of the photoreceptors

Number of Cones: 4.6*10° 5472 * 3648
receptors/pixels Rods: 91.7*106° = 20*106°
Sensor area Retina: 1018.6 35.8 *23.9
[mm?Z] Fovea: 3.6 =855
Receptor/pixel Cones (peak int.): 199 23.3

density [1000/mm?Z] Cones (meanint.): 5
Rods (peak int.): 176
Rods (mean int.): 95

Center-to-center 2.1 6.5
spacing [um]

Sources:
1) Curcio, J Comp Neurol 292, 497-523 (1990)
2) Canon-Website: https://www.canon.de/cameras/eos-1d-x-mark-iii/specifications/
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® The eye as a spectral image sensor
Schematic of a htoreceptor

Pigment Epithelium

In a cone, the discs are infoldings of
the plasma membrane, and the outer
segment tapers to a blunt point.

The pigment epithelium
absorbs photons that are
not absorbed by visual
pigments. It also
phagocytizes old discs
shed from the tip of the
outer segment.

Melanin granules

In arod, each disc is an independent
entity, and the outer segment forms

an elongated cylinder.
Outer Segment

The outer segment of a ’ !

photoreceptor contains
flattened membranous
plates, or discs, that
contain the visual pigments.

L

Discs

Connecting
stalks

Inner Segment Mitochondria

The inner segment contains
the photoreceptor’s major
organelles and is responsible
for all cell functions other
than photoreception. It also
releases neurotransmitters.

Each photoreceptor
synapses with a bipolar cell.

Golgi
apparatus

o

Bipolar cell 25
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Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 583..



Disk

compartment : Rhodopsin

Transduein

Fig. from: Nelson, Cox, Lehningers principles of biochemistry 4th ed, Freeman (2004), p. 458.

The eye as a spectral image sensor
Signal transduction in the photoreceptor

Fig. from: Van Eps, Photochem Photobiol Sci 14, 1586-1597 (2015).
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The eye as a spectral image sensor
Signal transduction in the photoreceptor
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Fig. from: Trudeau et al., J. Biol. Chem. 278, 18705-18708 (2003)
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® The eye as a spectral image sensor
Spectral sensitivity of the photoreceptors
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Fig. from: OpenStax College, Anatomy & Physiology. https://openstax.org/details/books/anatomy-and-physiology, p.620,



Source: Stockman & Sharpe (2000)
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The eye as a spectral image sensor

Sensitivity of the cone and rod photoreceptors

scotopic (rod)
vision

photopic (cone)
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The eye as a spectral image sensor

Population weighted linear cone sensitivity functions
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® The eye as a spectral image sensor
Spectral sensitivity of the photoreceptors
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Fig. from: Baden, Annu Rev Vis Sci, 5, 177-200 (2019)
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® - ~ | The eye as a spectral image sensor
Spectral sensitivity of the photoreceptors

Fig. from: Dartnall et al., Proc Royal Soc Lond B220, 115-130 (1983).
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The eye as a spectral image sensor

Spectral sensitivity of the photoreceptors
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Fig. from: Martini, Nath, Bartholomew, Fundamentals of Anatomy & Physiology, 10th ed, Pearson (2015), p. 587..



Amacrine cell

Fig. from:

Image processing in human vision
The retina
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Image processing in human vision
Spectral sensitivity of the photoreceptors

Left visual field Right visual field

Upper field

i 2 . =
" ] o
Lower field G

el
*

1

1

]

1

I
Superior left Superior right
visual cortex \ visual cortex
Inferior left Inferior right
visual cortex visual cortex

Supenor view

Integrated image

Fig. from: OpenStax
College, Anatomy &
Physiology.
https://openstax.org/details
/books/anatomy-and- 35
physiology, p.630,



® - ~ | Image processing in human vision
Spectral sensitivity of the photoreceptors

Frontal lobe Parisisiiobe

Dorsal visual stream;
this portion determines
“Where is it?"

Occipital lobe

Ventral visual stream,;

this portion determines
“What is it?”

Temporal lobe

Fig. from: OpenStax
College, Anatomy &
Physiology.
https://openstax.org/details
/books/anatomy-and-
physiology, p.634,
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