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Digital Image

Optical

Digitization

Displayed
Image
Objective
Lens
Continuous
Image

Specimen
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Continuous Light

Spatial Sampling/Temporal Sampling

Digitalization

52 64 77 90 103 .. .. .. 238 246 253 255 255
47 59 72 85 97 .. .. ..235 243 250 255 255

3 1119 ... .. 155168 181 193 206
1 815 ... . 149 163 176 188 202




Digital Image




Digital Image




O Size: width (number of columns) x heigth (number of rows )
O Resolution: amount of pixel per unit e.g. dot per inch (dpi)
0 Coordinates: position of the pixel in the image — origin left/upper corner
O Pixel Value: intensity of the pixel — can have 2k values k = bit depth (resolution)
Grayscale: 1 channel 1bit 21 0..1
8bit 28 0..255
12bit 212 0...4095
(14bit 214 0..16384)
16bit 21 0.. 65535
Color: 3 channel 24bit 3*8 (0 ... 255)3

36bit  3*12  (0... 4096)3
48bit  3*16  (0..65535)3




File Formats

o Tiff:

O JPEG:

Tagged Image File Format

universal and flexible

Can handle images and data within one file, it consists of a Image File
Header and image objects - image data and information in ,tags’

Tags can vary:  Thousands of Incompatible File Formats

Can be a container for various images (jpg, float comma, etc.)

max. 4GB (bigger BigTiff)

Joint Photographic Experts Group
Standarized compression method — lossy!
JPEG File Interchange Format = JFIF




Image Cytometry Standard

image data and parameters: Text header File: *.Ics & Image File *.ids
ICS2: header & image in *.ics file

8 or 16 bit integer, floating point and floating point complex data
multi-dimensional data

Graphics Interchange Format
Limited to 8-bit, grayscale or color-indices
Can be animated

Portable Network Graphics

Grayscale up to 16-bit

Color up to 3 x 16-bit

Index-color up to 256 colors

Lossless compression — only one image

O Microscope specific formats
LIF, LEI, LSM, ZVI, STK, OIF, dv, r3d, PIC, IPL, OIB, OIF, ND2 . ..




File Formats — Compression B

Loss-less compression

e Writes exactly the same data in a smaller file

e Think winzip

e Tends not to actually help that much - doesn’t save that much
space and takes time

Lossy compression

e Makes a smaller file that looks pretty much the same but
changes the actual image

e Various formats (e.g. JPEG) and extents of compression

e Great for the web, holiday photos etc

e NEVER use for quantification




- How to interpret gray values in an image?
Histogram




Mid-Range (Gray)

Maximum

Dark (Black)

10 Pixel mit Intensititswert p = 2

| 1 .
|H ﬂ | |

Shows fast and compact: e '7 SRR TR TE R Tl .
 exposure (over- and under-exposure)
e contrast Hp)|o|2[10]ofofo]|5][7[3]9][1]|6][3][6]3]2]

i i 2 3 3 6 8 ¢
e dynamics & dynamic range gy 4567 8 9101112131415

* image manipulation

Does now show:
* localization of intensities within the image




Histogram — Exposure B

Correctly exposed image

Underexposed image

Overexposed image




Correctly exposed image Overexposed image




Histogram — Exposure

Linescan on corrExp Linescan on overexp
4095 -~

ray Level (Avg)

G

443
Distance (um)

Distance (|




Bye Bye Data!!!




Contrast = the difference in visual properties that makes an object distinguishable
from other objects and the background

Contrast = the interval of intensities that is effectively used within an image
= Difference between minimal and maximal pixel value

Image with too much contrast

Image with too little contrast




e
Histogram - dynamics & dynamic range

Dynamics = number of different pixel values used within an image
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1.00 255
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Histogram - dynamics & dynamicrange

Dynamic range = the ratio between the largest and smallest possible values of a
changeable quantity.

Dynamic range of a camera is the
amount of electrons that can be
hold in a well (pixel)

|

A/D — converter

|

Dynamic range of an image is the
used bit-depth




Histogram — contrast/dynamics & dynamic range _

Dynamics



Histogram — contrast & dynamics B

The contrast of an image can be increased — the dynamics cannot!

1] 1.00 255

Use higher bit-depth to
avoid quality losses
after image processing

-
31 1

& A p—
.00
..... I‘| ‘|

[ [ fis
] 1.00 233




original

164

|..|I|I|||” ""‘|||||I"|"|||Illluu|
- [ [’
] 23

1.00 2

contrast reduction
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& [} fi
1.00 295 1.00 255
original gif compression
Input Levels:
original
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0 1.00 235
Input Levels:

Histogram jpeg compression
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0 1.00 255




Overview

- How to display gray values?
Color Look Up Table




Look Up Table

Optical
Image

== Digital Image |

Digitization

Objective
Lens

Specimen

52 64 77 90 103
47 59 72 85 97

238 246 253 255 255
235 243 250 255 255
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Displayed
Image

Continuous

Image
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A colour look-up table' (CLUT) is a mechanism used to transform a range of
input colors into another range of colours.




Look Up Table



Look Up Table
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Display Intensity
Display Intensity
Display Intensity

o
B

B4 128 192 256 64 128 192 256 64 128 192 256
=] Image Intensity (=) Image Intensity (=) Image Intensity




Look Up Table

Display Intensity
Display Intensity
Display Intensity

64 128 192 256 64 128 192 256 64 128 192 256
=) Image Intensity =) Image Intensity Image Intensity




Look Up Table
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Display Intensity
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)

B4 128 191
Image Intensity

—
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Display Intensity

[m]
-y
1

G4 128 191

Image Intensity



Look Up Table

¥ “Color Combine (100%)

Index CLUT —
show 3x8 — 24-bit in 8-bit

¥ “Color Combine-2 (100%)

Display Intensity

Lranm

——
64 128 192
Image Intensity




Overview

-What is an image?

-How is an image defined?
Dimension

: How is an image stored?

Formats

w-to...

- How to display gray values?
Color Look Up Table




Programs used in the course ——

Fiji Fiji Is Just Imagel—batteries included

* freeware / open-source
* Fiji includes ImagelJ, JDK, Java 3D, Set of plugins in coherent menu structure

e platform independent
* 500+ plugins available

MetaMorph

e Commercial software form Molecular Devices
e acquisition software on wide-field systems

( 8 * installed on computers in BioOptics Office
" e wide variety of functions
Meta MO I'ph * easy to automate/batch process
Imaris
IMARIS e Commercial software from Bitplane/Andor
o * easy to use software for 3D rendering
0 . . . . . .

8 2 BITPLANE installed on one computer in BioOptics Office

° Scientific Software

ZEN

e Commercial software from Zeiss
* confocal acquisition software




image1 tif @ imaged tif &

Standard LUTs
# Orange
Il Rainbow
1l | Rainbow?2
B Spectrum
E
All LUTs

Red Green Blue

=

M Blue To Yellow 4 T

= | Display | Graphics Dimensions |

Display B W Blue To Orange -
I B Magenta To Orange
I T e Bl W Yellow To Orange
| Auto ‘Min/Max "Bestfit 040 [T 040 7 Reset e - =
Zoom ST | W Rainbow coarse 108 |*
Tools e W | L3 o Interpalation

Imdo1 "

Channels

> =
T None
R Quick Color Setup

‘. Reuse ¥ Crop

Display | Graphics

Gamma 100 |7 0H5'I0 White 65535

Black 0

| Auto ‘Min/Max ‘Bestfit [0.40 |7

Black 1478 |7 Gamma (100 |% White 16383 %
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MetaMorph - Acquisition

Acquire | Image: ﬂe |Acuuued |

Save 'imagel’ Set Save..

aggence  Display ]Acqulrsl Currsctl Annulale] Speclaw

Exposure Time: Image Scaling
Loz |0 = Hiz |0 Eli
¥ Autoscale

Binting:

Camera érea: [~ Scale within the active region

Full Chip
|mage Gamma:

-> Center Quad. | i

Pal

(M acure

Aequire l__* |A:quired |

Save imageZ' Set Save,

aggence  Display IAcquire} Cnnecl] Annntate] Spec\al]

| Image:

Image Scaling:

Lo¥% |0 3:

Exposure Time:

200 E'j ms v

W Autoscale

[ Scale within the active region

Camera Area:
Full Chip

Imaga Bamma‘
- Center Quad. |

alaoo il

Usze Active Region

Show Live
r =

Temp: -14.75 ¢

Live Bin:

Load ... Save As.

Use Active Region
Show Live

Live Bin: |1

Temp: -1455 ¢

-

Load ..

Close Less << | Setting:

W Acquire

Anquire ‘ Image: ﬂé ‘Acqulrsd ‘
Save imaged Set Save...
[T Sayew/Sequence Display lAcuuue] Eunecl] Annutatsl 5DEDI&||

Image Scaling:

Lo% |0 El:

Erposure Time:

L

Iv Autoscale

Camera &rea ™ Scale within the active region
Full Chip
Image Gamma;
-» Center Quad ‘
4 | plaon o=l
—

Use &ctive Region
Show Live

i

Liwe Bin o

Temp: -14.4 ¢

Load

Save As.

Acquire | Image: d& |Acuuued |

Save 'imaged’ Set Save..

[~ Savew/Sequence Display ]Acqulrsl Currsctl Annulale] Speclaw

. Image Scaling:
Exposure Time:
1000 El: ms Lo |0 El: Hi% |0 Eli

v Autoscale

Camera Area: [~ Scale within the active region

Full Chip
Image Ganmma:

ul |

-> Center Quad. |

Use éctive Region
Show Live

Live Bin: |1

AN

Temp: -14.3 ¢

Load... Save As.

Less << | Setting:
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MetaMorph




MetaMorph - Acquisition

P “imagel (100%) P “imagel (100%) P “imagel (100%) P “imagel (100%) P “imagel (100%)
]
D
HEd

& 16




MetaMorph - Acquisition

W “imagel (100%) B “imagel (100%) B “imagel (100%) BB “imagel (100%)




MetaMorph - Acquisition

Proces:

Take Home Massage

* Know the bit depth of your camera

Lt Image Properties...
=a Image Keywords...

Brin  preferences..
Est Image Format Preferences...
L Configure Default Paths...

(& Region Tools

&

I3 Clear All Regions
7 Transfer Regions
R Move All Regions

£ Select Plane
£2 Add Plane
£= Remove Plane

££ Keep Planes

T Montage
## Montage Stacks
£4i View Orthogonal Planes

£3 Color Combine
42 Color Separate
(% Rotate

& Stretch and Mirror
@, SetImage Zoom

£% Stack Arithmetic
¥ Background and Shading Correction

% Open Data Log
8¢ Close Data Log

Temp: 1475 ¢

Settivg [Medified]:
~| = Display Saturation Markers

Cloze Less << | Setting: Load. Save Save Ag..

%% View Current Data Log

l Threshold Image
V" set Color Threshold
5 Internally Thresheld Objects

B “image3 (100%)

File Type

Creation Timestamp

Last Saved Timestamp
Lackup Table Model

Storage Fequirementltegatyies)
Image

%% Height

Image Depth [bits]

& 5 Calibration (pirel/pivel]
Image

Number of Planes

Flane Stage Label

Flane Stage Posiion ¥

Plane Stage Position 7

Flane Camera Offset 4

Flane Camera Offset ¥

Flane Camera Harizantal Bins
Flane Camera Yettical Bins
Plane Z Ditance

Plane 2 Pastian

Flane llum Setting

Flane Wavelength

Plane Magniication

Plane HA

Plane Refractive Index
Tempeiature

Tessure Status

Camera Bit Depth

i<s 10+ Fieflector Changer

Zeiss Condenser 0.3 H D Ph DIC
Zeiss Condenser Aperturs

Zeiss Condenser Frontlens

Zeios Contrast Method

Zeiss Dual Camers Tube

Zeiss Dual Camera Tube Shuter
Zeiss Dual Camers Tube Vis/Camera Slidt
Zeiss AL Fieldstop

Zeiss RIL Shutter

Zeiss AL/TL Switch

Zeiss TL Fieldsiop

Zeiss TL Shutter

Zeiss TLYIS-LED Lamp

S Regions Stack Display 09 Mezsure Jounal Apps Window Help
Undo .. Ctrl+Z LB TR
Copy... Ctrie C
Paste... CurlV LB A
E— fo! Duplicate » — o
S Pl At I imaget (100%) e
Image Status Bar... mage:  mage1 |
BN Fropeity Name Froperty Value
By Annotate Image... [ocstononDisk ———— JA:12012 ImagingCourse’karinT alks'istogram’image 1.t (Flane 1)

MetaSeries Single/Muli-plane TIFF
Thu Sep 13 12.5047.077 2012
Thu Sep 13 125563 460 2012
Menochiome
706,89 KE

A

165,731

AITC
Epachiomat 20x/0.8 M27

Bright Field

0

SvungIn

off

Erpty [1005% Transmitted, 0% Rieflected)

Open

100% Eyepiece

99,5828

Closed

TL

515513

Closed

0




MetaMorph - Acquisition

Take Home Massage

Acquire | Image: [ |.-'-‘-.cquired |
[ ]

Save imagel’ | Save bo; C:hFros. e cquined i bf

[~ Savew/Sequence Display |.t'1'n.|:quire| Eorrectl Anr

£ . ~ Image Scaling:

spozure Time:

I2U 3: ImS vI Lo % ID 3:
AutoE spoze | /f

S
Biniirg; |1 5:

v Autozcale

Camera fiea; ithin the active reqi
FulChp |
c - | ~ Image Gamma:
-» Lenter uad.
o 4
Usze Active Reaion |
Show Live |
Live Bir: |1 3:
Temp: -14.75 ¢

Setting [Modified]:

e Know the bit depth of your camera

e Watch out for Auto-scaling
.

T “imagel (100%)

v

Best Fit Range

&-Bit Range (0-255)

10-Bit Range (0-1023)

12-Bit Range (0-4095)

14-Bit Range (0-16383)
-Bit Range (0-6

Auto Scale [}\?

I vl v Display 5 aturation Markers

Cloze | Lezs <<| Setting: Load ... S

Scale Within Active Region

Scale Image...

E=5ER =




B
MetaMorph - Acquisition B

Take Home Massage

e Know the bit depth of your camera
e Watch out for Auto-scaling

*Use complete dynamic range

* Do not overexpose image

Macqure =10l x

Acquire | Image: Ij IAcquired |

Save imaged’ | Save tor £ 5P eequired 00 G Set Save.. |

[~ Save w/Sequence Display IAcquilel Eonecti .&nnotatel Speciall

Exposure Time: i Image Scaling:

b I1 000 3: Ims vI Lo % |D a: Hi % ID 3:
AutoEspose | | A L
| Binring: |1 3: v Autoscale

Camera Area: [~ Scale within the active region
Full Chip

Image Gamma
-» Center Quad. | _'
1.00 |

ze Active Fegion |
Show Live |
B LiveBin
Temp: -143 ¢

S ettt [k odified].

| I [V Display Saturation Markers Resat Dlsplay
Close | Less << | Setting: Load ... Save Save ds.




Overview

-What is an image?

-How is an image defined?
Dimension

: How is an image stored?

Formats

w-to...

- How to display gray values?
Color Look Up Table




Exercise

e open image 1_Basics.tif
e convert to an 8-bit image with a maximum Intensity of 125

* display in a way that all values below 50 are shown in red with increasing
intensity, above 100 in blue and in-between in green




| .

Take Home Massage

* Know the bit depth of your camera

» Keep raw data image

* be careful on conversion of bit-depth
eUnderstand and take in account the
difference of image information and
display

e watch histogram

* never do measurements on image

processed in a way that intensities are
altered
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