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B BIOENG-518, Light microsco

What do you recall from
the last lecture?

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

Detection of photons

How are photons detected
Limitations

Conseguences for downstream
Image analysis and processing

Arne Seitz, EPFL




=PFL  Digital imaging Outlook

Hooke Microscol
circa 1670

on
Lamp  Water
Fiask
P " Zeiss
l ;E & Labory Olympus Provis AX 70
Lealand No. 1 Microscope Large Format
7. circa 1850 circa 1930s foucaing) ._u .&'c«u«
e 35 mm o
C Camera

Cuff-style microscopes.
popular'n the mid-1700s,
the first to provide

Jase of use urate

_Focus

Powe? g " WL o
ng‘ﬁ\‘ @ -
Ev-vl-cm—i‘f al'

Focus Von Leeuwenhoek
Knob, croscoge
(circa Late 1600s)

Samrle
Translator

Sample
Holder

Figure 3

1600 1700

Digital Camera
(Kodak, 1975)

B BIOENG-518, Light microscopy
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B BIOENG-518, Light microscopy

Photon detection

Physical Principles

Arne Seitz, EPFL




=PFL - Photoelectric effect

" Albert EI!’]SteIn Photoelectric Effect
NObeI prICe 1921 The Particle Nature of Light

= Experiments by Lennart 1902 e
» Maximal energy of the photo-electrons depends Eiir
on the intensity of the light t ‘ :::‘ i‘n
* Slope is the same for different cathode WT v
materials T Yo Yo

* Light can be described as particles called B Euzhv-@ =hy -hy,
photons or light quants. Lepheton Do

= Detection of Photons

U Berkeley 's Digital Chernlé

B BIOENG-518, Light microscopy
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=PFL . Photomultiplier

Dynode Number vs PMT Gain
108~
Photomultiplier Tube 14 Stage

Incoming

Photon'y. window
Photo-

J
Voltage Dropping
Resistors

1000 1500 2000 2500
Volts

B BIOENG-518, Light microscopy
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=PFL . Photomultiplier

- Photons “produce” electrons which are multiplied by
acceleration and detected afterwards.

« Gain (=multiplication factor) can be varied.

- Large linear range.

- Quantum efficiency of the photocathode up to 30%
In the visible range.

« “n0” spatial resolution, i.e. photomultipliers can only
be used as point (scanning) detectors

B BIOENG-518, Light microscopy

Arne Seitz, EPFL

12



=PrL

py

B BIOENG-518, Light microsco

Digital imaging

 Array of photosensitive elements

- Signal is dependent on the number of
detected photons; ideally linearly
dependent=high dynamic range

- Easy read-out procedure

«Reusable

« Appropriate size, comparable to an
analogue film

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

CCD Cameras

conductor
(metal)

Semi conductor

Isolator

conduction
band

valence
band

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

CCD Cameras

=Principle
* Internal photoelectric
effect.

* Energy of the photon is
used to transfer an
electron from the
valence band to the
conduction band
(semi conductors).

* Photodiodes

Semi
conductor

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

Photon detection

Practical Aspects

Arne Seitz, EPFL




EPFL CCD Architecture

Electrical
Connection

B BIOENG-518, Light microscopy

Polysilicon Gate
Silicondioxide

Silicon

Potential Well

Arne Seitz, EPFL
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zrrL Full-Well capacity

Vertical Overflow Drain Structure

Electrostatic
Potential

Transfer
Gate

Incoming
Photons

Full

B BIOENG-518, Light microscopy

photo-
electrons

4

$-

Read out
AD conversion

Photoelectrons
Potential
Well :
pixel value

Arne Seitz, EPFL
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Photon detection
photons /
O
O ¢
O ¢
O ¢
O - ¢ ¢
o ©O
(photo)electrons

Arne Seitz, EPFL
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=PFL Photon detection

photons

100 -
l (n .
c
S
@)
e
- Q.
photosensitive = 1t ooy e AL AP o
: g 1o ’w il M » \,v“' IS T 42 F ZL of i
materlal f= ' "UU\J’ : U’ l]x, UV \] ! Uv 194, 4 9 Uv\r iy - h\ ”\V'
= .

!

Arne Seitz, EPFL

0 50 100 150 200 250
time

(photo)electrons

B BIOENG-518, Light microscopy



=PrL

B BIOENG-518, Light microscopy

Digital Detection

Usage in light microscopy

Arne Seitz, EPFL




=PFL Resolution/Pixel Size

Spatial Resolution Effect on Pixelation in Digital Images

Same area
Less pixels
Larger pixel size
(in the image)
Less sampling frequency

(a)
175 x 175 88 x 88 58 x 58

Lateral resolution

(e) (f)
22x22 Figure 4 1Mxn 5R = 061i
NA

=Nyquist theorem
= Undersampling/oversampling

B BIOENG-518, Light microscopy

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

Resolution/Pixel Size

Objective

(humerical
aperture)

4x (0.20)

10x (0.45)
20x (0.75)
40x (0.85)
40x (1.30)
60x (0.95)
60x (1.40)
100x (0.90)
100x (1.25)
100x (1.40)

Resolution
Limit
(microns)
1.5
0.64
0.39
0.34
0.22
0.31
0.21
0.32
0.23
0.21

Projected
Size on

CCD
(microns)

5.8
6.4
7.7
13.6
8.9
18.3
12.4
32.0
23.0
21.0

Arne Seitz, EPFL

Required Pixel
Size
(microns)
2.9
3.2
3.9
6.8
4.5
9.2
6.2
16.0
11.5
10.5

23



=PFL. - CCD camera Binning

B BIOENG-518, Light microscopy

2 x 2 Pixel Binning Read-Out Stages
Serial Shift Summed

Binning:

- Increases effective
pixel size
-Decreases sampling
frequency
-Increases read-out
Speed

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

oise/Background

I
o

Gray Value

bd
o

Noise=signal fluctuation

CHiND

200 400 &0o0
Oistance (pixels)

S00

background

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

Noise/Background

GrayValue

50

40

20

o 200 400 G000

Noise=signalfluctuation

ol

Distance (pixels)

background
Ntot Ns|g 4 NCam Sources of noise:
Detector noise
s|g =QE=*P Dark noise
Read noise

NZ

— N2 bark T NRead Photon/shot noise

Cam

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

Signal to Noise Ratio

Signal-to-Noise Ratios in Fluorescence Microscopy

(a) (b) (©) Figure 1

Photonflux: 10* photons/s
Exposure time: 0.1 s
SNR: ~ 5 for a typical CCD camera

(d)

Arne Seitz, EPFL
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=PFL  Signal to Noise Ratio

Signal-to-Noise Improvement with Binning Signal-to-Noise Variation with Integration Time

1000 1000
Photon Flux (P) = 40 4 Pixels PhOtonQ Flu::t (P) = 1000
Quantum Figure 4 uantum o
Effici =0.65 Efficiency (QE)=0.70 o &
2100 ciency (QE) 81000 _—’_,
@ @ '~
o 16 Plxels‘ No . e e
3 Binning ,g >
% 10 Read Noise (Nr) =10 % 10 ; - Read Noise (N') =10
!féf Dark Current (D) = 0.1 % 4 Dark Current (D) = 0.1
o © Photon-Noise
o 4 @ Photon-Noise ) - Limited
52 Limited s 1B m
Figure 5 @ Read-Noise '/ © Read-Noise
Limited /0.15 sec Limited
0-1 # 0.1 #
a1 1 10 100 1000 0.01 0.1 1 10 100
Integration Time (seconds) Integration Time (Seconds)

B BIOENG-518, Light microscopy
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=PFL  Colour Array detection
devices

colour

photo-
electrons

monochrome

Read ovut B C

AD conversion 1, —"
. M
> H —
g pixel value
2 G
g \\.
£ 0.0 Y
=
Lo
¢ R
L
e
an}
|

Arne Seitz, EPFL
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B BIOENG-518, Light microsco

Object detection

Arne Seitz, EPFL




=PFL - Signal and Noise

= Signal/Background ->increase
= Signal/Noise —>increases
= Contrast

B BIOENG-518, Light microscopy

—>constant

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

object size

resolution limit

0.21 i

0.2

contrast =

0.4

(signal — background)

(signal + background)
0.6 0.8 1.0

object

Arne Seitz, EPFL
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74d3 ‘218S sy

object

0

1

3

background)

ignal + background)
0

ignal —
6

(s
(s
0

contrast =
0.4

0.2

~ LO N —
: . N, N
T ) @) o
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B BIOENG-518, Light microsco

Quantification and
display of Image data

Arne Seitz, EPFL
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74d3 ‘218S sy

Display

Data

Grey scale

Adoososoiw ybI7 ‘gTS-ONI0Ig W
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=PFL - Mapping function

Display

B BIOENG-518, Light microscopy

G_rey scale Red
iInverted

Green

Grey scale

Blue

Hi-Low

Arne Seitz, EPFL
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B BIOENG-518, Light microscopy

Look up tables

Grey scale

N 7

Orange-Hot

Green

Arne Seitz, EPFL
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Isplay
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EPFL |mage data display

B BIOENG-518, Light microscopy

1E71
1000000

frequency of occurence frequency of occurence

frequency of occurence

100000 4

10000

=
o
s}

300 350
pixel intensity

100000

10000

1000

=
S
S

N
400 600 800 1000 1200 1400
pixel intensity

pixel intensity

< |

Auto

Maximum

Brightness

Minimum

| =

| =

Contrast

Reset

Set

Apply

Arne Seitz, EPFL
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=PFL  Image Segmentation

= Algorithms that are based on
discontinuity and similarity

= |Intensitly based thresholding

py

-518, Light microsco

40



=PFL  Intensity Thresholding

1x10%

frequency

o1
X
=
o
w

o- A, WHHFTHHHHFTHHHHHHHHHHH[

50 100 150 200 250
bin center
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=PFL  |ntensity Thresholding

lower upper
threshold threshold
[ | [ |
class out I class in I

|

1x10%

frequency

5x10° -

py

50 100 150 200 250
bin center

B BIOENG-518, Light microsco

Arne Seitz, EPFL
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=PFL  Intensity Thresholding

lower upper
thres-
h?Id threslhold

1x10% -

frequency

5x10° -

py

50 100 150 200 250
bin center

B BIOENG-518, Light microsco

Arne Seitz, EPFL

43



=L Intensity Thresholding

lower upper
threshold threshold
1 . 1
I classin 1 class out

1x10%

frequency

5x10°3

= 50 100 150 200 250
& bin center

o

m

Arne Seitz, EPFL
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=PFL  Intensity Thresholding

= Segmantic and global approach
= Simple and intuitive
= Requires user input or algorithmto set T

1 iffxy)>T
g(’"”‘{o if FGoy) < T

py

(O if f(x,y) = Tup
glx,y) =<1 if Tlow<f(x:y)<Tup
\O if f(x,y) < Tiow

B BIOENG-518, Light microsco

Arne Seitz, EPFL
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=PFL Basic global thresholding

P
LoOsThS O -
8% < 4 T,=121
= Select an estimate for the global threshold T Y e® o
= Segment the image using T f—

= Calculate the mean for the two classes: m;,m, — '-.'. o o
. N 2gglpe 200 m,=195
= New threshold: o ..... _ = B&
T = 05(m1 + mz) A ‘ .‘ °_
N _ ieedoged T,-125
= Repeat until DT is smaller then a predefined value 1 .. o |
s 0 "o O

ov olo e m,=195
L ..z. ‘ .“ my,= o6
Zee'd e % T,= 125

B BIOENG-518, Light microscopy

Arne Seitz, EPFL



=PFL - Segmentation variability

B BIOENG-518, Light microscopy

[")* Threshold e

IDefauIt - |Ren -

[ Dark background [ Stack histogram
| Dontresetrange
Auto | Apply | Reset | Set |

Arne Seitz, EPFL
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B ZIDAS 2024, Image Acquisition

Objectives

= Rember the basic foundations
of image formation

= Recall the parameters
defining image quality

= Understand the interplay of
parameters influencing image
quality

= Understand how image quality

affects downstream image
analysis (segmentation)

= Develop the mindset of
“critical thinking” for image
analysis

A Microscopy | [ Cell Segmentation | [c Feature Embedding

features  label (eatures

12 G o
30308
™2 by

03

(8
€l O
nains .
3|8 000009 . "«p.z 02
neaoo.
090504

- et fe2 3 o
< € 050109

~ |8 050603 B 080702 .
& 030500 D 090705 .

A4

D  Data Integration
features

i
?‘l N0 ot 2 BIRR e K K2

Jonas Hartmann, Mie Wong, Elisa Gallo, Darren Gilmour (2020)
An image-based data-driven analysis of cellular architecture in a
developing tissue eLife 9:e55913

Arne Seitz, EPFL
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PFL  Quantitative bioimaging

experiment

Sample Preparation

* Ask biological question
/ * Experimental controls \
Research
Scenario
What are the limitations of the T .F—E-E-D-B:\-CK e How thick is your sample? *
presented data? g ~._ What fluorophores are present?

Could they be overcome with Sample
Preparation
Image

different experimental setup?

Data Interpretation §> -> Image Acquisition ACOUSIRGN
+ Choose colors/LUT {g> ?} Bioimaging + Choose modality
* Choose type of graph Nelm » Correct aberrations ‘

Image
Analysis

How large are the data? Data
What dimensionality (2D, 3D)?

What is n? ;. -
How to display images fa/r/y” T

» Choose software
* Create analysis pipeline

B ZIDAS 2024, Image Acquisition

PL0oS Biol 21(6): e3002167. https://doi.org/10.1371/journal.pbio.3002167

What effect does drug X have on
cancer cell proliferation?

Live human colon cancer cell line

HT29 grown on plastic, treated with

drug X and vehicle control. Organic

dyes Hoechst labels DNA (nucleus)

and Phalloidin labels actin

Interpretation

(cytoplasm).

High-throughput live cell imaging
Nucleus Cytoplasm  Merge

Treatment with increasing
concentrations of drug X has a
negative effect on cell
proliferation, as determined by
measuring cell confluency

Senft RA, Diaz-Rohrer B, Colarusso P, Swift L, Jamali N, Jambor H, et al. (2023)
A biologist’s guide to planning and performing quantitative bioimaging experiments.

What effect does drug Y have on
protein Z localization?

Human bone osteosarcoma
epithelial cells (U20S) expressing
tagged protein Z were grown in
multiwell slides and treated with
drug Y. After fixation, DAP| was
used to label the nucleus.

3

/

2
55
!
BE
.l
R

Measurements
Total fluorescence
intensity in nuclei
Total fluorescence

intensity in cells

s - Treatment with drug Y results in
translocation of protein Z to the
nuclei, as determined by the
0z @ ratio of protein Z intensity in the
nucleus relative to the whole cell

Intensity ratio Nucteus/Cell

Arne Seitz, EPFL
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