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Overview

Part I:
* File formats (data storage)

e Programs for
Image viewing / processing / representation

Part Il
e Basic Image Processing (using ImageJ)
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File Formats — data storage

Lossless image formats

Lossy compression formats

Custom formats (microscope companies)
Sequence vs. single image per file

8bit, 12bit, 16bit, 32bit, RGB

Storage:
— Always have at least 1 copy of the data
— Very suitable: fileservers (automatic backup)
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Lossless Image Formats

TIFF (with our without compression)
BMP (windows uncompressed)

GIF (graphics interchange format)
PNG (portable network graphics)
Raw data
‘text Iimage’

Creation of a Digital Image
Analog Image Digital Sampling Pixel Quantization
I 30|81 X53

HEEHHEHEHE
]

(a) (b)

Microscopy Primer
http://micro.magnet.fsu.edu/primer

Figure 1
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Image Format: TIFF

Tag Image File Format

— Image header with flexible set of ‘tags’ which can be
used to store e.g. microscopic settings

Flexible in color space and bit depth

— Microscopy: grayscale 8bit, 16 bit (12bit data)

— Color (e.g. Overlay): RGB (red green blue 8bit each)
— Quantification: 32bit (floating point values)

Always lossless: Uncompressed or compressed
Multiple images possible in one file
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Lossless Image compression

= FluorescentCells.jpg

 Redundant information  [Zioeee=ese
can be compressed 2

e |dentical information can
be grouped

* Repeated patterns can
be used to compress
data size
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Image Compression: TIFF

* Run Length Coding (RLE): first number discribes the color, the
second the number of following pixels having the same color.

Il{;ll 5 |_IVI_|II{;II

(0,0,0), 6 (0,255,0),9  (0,0,0), 2 (255,0,0), 6

 LZW (Lempel-Ziv-Welch): Find repetative patterns of values and
give them a number which is points to an entry of a ,dictionary*
(LUT).

IR

1 2 3
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Image Compression: TIFF

Pros:

o Extra infos can be written in the ,tags
(e.g. microscope data, like objective lens, voxel size)

e Most programs can read it
e Lossless
* Flexible (8, 16, 32bit grayscale, 8:8:8bit RGB)

| |
256 | Floating point values

65536 gray levels

cons:
e Big files
« Compressed files can’t be loaded by ImageJ
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Lossy Image Formats

 The lossy compression algorithm takes advantage of the
limitations of the human visual senses and discards
Information that would not be sensed by the eye.
(like mp3 in audio).

e Compression level is usually flexible, but the more

compressed the more information is lost and artifacts
become visible by eye

Original Lena Image Lena Image, Compressed Lena Image, Highty
(12KB size) (85% les= information, Comprezsed (96% less

From: www.wikipedia.org i ki
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Image Compression: JPG

e Split image into color and gray-scale information (color is
less important than bounderies)
-> reduce high frequency color information.

o Group pixel into 8x8 blocks and transform through
discrete cosine transform...




Image Compression: JPG

Pros:

« Small Files

e True Color

« Usable for most photos (real life) and ”
presentations (powerpoint) 7 4

cons:

Do not use for quantification !

o .Unrelevant” details get lost

« Every file-saving reduces the quality
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Overview

Part I:

e Programs for
Image viewing / processing / representation
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Image Viewers

ImageJ (Java based, freeware, Win/MAC/Linux)

Irfanview (www.irfanview.com/)
— Freeware

— Convert (e.qg. tif =2 jpg)

— Batch processing

ACDSee (ACD Systems)

Microscope companies

— Zeiss Image Browser / Axiovision LE
— Leica LCS Lite

— Olympus Viewer



http://www.irfanview.com/
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Image Representation

ImageJ

Imaris (Bitplane):

— 2 floating licenses

— Installed on image processing workstations

Photoshop, Paintshop, lllustrator, Corel Draw
(, Powerpoint)
Volocity (Improvision):

— 1 License, installed on 1 image processing
workstation

Amira (Mercury computer systems)
Custom software of microscopes
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Image Processing

File Edit Image Frocess Analze Flugins Window Help

B oo~z L]+ N A [a|A L7 Z]R].] |

Yersion 1.34n (411 commands, 21 macros)

e Imaged (hitp:/rsh.info.nih.gov/i/index.html )
— Installed on all image processing workstations

— Installation: www.embl.de/almf/html/EMBL ImageJ.htm OR
www.machiophotonics.ca/imagej/installing imagej.htm

— Manual: http://www.machiophotonics.ca/imaqgej/
— Additional plugins: http://rsb.info.nih.gov/ii/plugins/index.html

« Metamorph (Universal Imaging),
— Installed on one image processing workstations

o Custom software of microscopes



http://rsb.info.nih.gov/ij/index.html
http://www.embl.de/almf/html/EMBL_ImageJ.htm
http://www.macbiophotonics.ca/imagej/installing_imagej.htm
http://www.macbiophotonics.ca/imagej/
http://rsb.info.nih.gov/ij/plugins/index.html
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Overview

Part Il
e Basic Image Processing (using ImageJ)
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Image Processing Basics

Visual Image Inspection

Lookup tables (LUT) and LUT operations
Histogram, brightness, contrast

Filter

Threshold

Measurements

Color functions



Pixel count
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Visual Image Inspection

e Displaying images, histogram

£ Tsurumi 803 H2B
B72¥R12 pixels; 16-bit grayscale; B2k

0 85535

Intensity value _#|
Minirnum

4 1]

Maximum

<] il

Brightness

Contrast

Reset

..............................

Set Apply

£ Tsurumi 803 HZB

B72%512 pixels; 16-bit grayscale; 672K

2 Bit 4 Bit

-

Bit Depth and Gray Levels in Digital Images

6 Bit 7 Bit

AJ,H

o

128

<

I\ﬂl@i‘@%co
ﬁtt:pu#mlcr

Reset

Gray Levels ————=
(Bit Depth)

- - 4

8 Bit 10 Bit

o

266 1,024

Figure 5

Set | Apply

magnet.fsu.eawprlmer
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LUT operations

* Lookup table (LUT)

— Displays can only show 256 gray values (8bit) per color
— Data is unchanged, it’s only “mapped” differently

£ Tsurumi 803 HZB Data. DISpIayed
Intensity | Intensity -
S Y (=16
OO
751 V
ETS 228
180 | 5 o =
[ini
Minimurm 181 | 10 ] S )
4] ) Maximum
Maxirmum 4] 1
LJ J_pj 226 Brightness
Brightness 4] 1+
227 Contrast
228 | 255 __Auto | Reset
229 | 255 Sl
65535 | 255




£ Tsurumi 803 H2B
672xa12 pixels; 16-bit grayscale; 672K

Brightness

4 |G

£ Tsurumi 803 H2B
67 2x512 pixels; 16-hit grayscale; 672K

Contrast

Auto Reset

Set Apply

..............................

Minimum

| ¥

Maximum

|

Brightness
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Brightness, Contrast

Caution: Apply modifies the data!

Contrast is the difference in
visual properties that makes
an object distinguishable
from other objects
and the background.
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Color LUT

The pixel contains a ,pointer to an array, where the
actual pixel values are stored

EEEEEEESEEEEEEEEEEEEEEERE
111111222222 22211333333

old LUT:

1: (0,102,255)

2: (51,102,255
3: (10,100,200)

EEEEEN EEEEEEENE newlUT:

111 111222222222 11333333 1:(0,0,0)
2: (0,255,0)
3: (255,0,0)

= Look-Up Table
326¢188 pixels, RGB; 236K

“RedhodwtUIuT
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Non-linear Histogram Stretch

 Enhance contrast by (changing data):

Linear stretch
“Normalization”

“Equalization” non-linear stretch
based on square root of the intensity

Raw

data

- Histogram of 803
300x240 pixels; RGE; 280K

AEE

10
Count: 344064
Mean: 22885
StdDev: 11822
Bins: 256

HEE—— 2000

65525
Min: 10
Max: 65525
Maode: 19300 (43756)
Bin Width: 256

st| Copy | Loa

Value: 56312

Count: €2

300x240 pixels, RGE; 280K

L Histogram of 803 DER

176
Count: 344064
Mean: 191
StdDev: 10
Bins: 256

I 20000 ]

488
Min: 176
Man: 499
Mode: 189 (67531)
Bin Width: 1

it copy| Loa|

Value: 219

Count: 169

- Histogram of 803
300x240 pixels, RGE; 280K

0
Count: 344064
Mean: 6575
StdDev: 5003
Bins: 256

[

65535
Min: 0
Max: 65535
Mode: 5364 (43756)
Bin Width: 256

it copy| Loa




istogram

300x240 pixels; B-hit, 7OK
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Equalization

N 000 |
0 286
Count: 92752 Min: 0
Mean: 126 Max: 130
StdDev: 8 Mode: 125 (48042)

it copy Loa

Value: 142

Count: 0

0 258
Count: 92752 Min: 0
Mean: 108 Mayx: 248
StdDev: 67 Mode: 54 (48042)

it copy | Loo|
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Gamma

« Gamma is a non-linear histogram adjustment
* 8 bit images:
New intensity = 255 x [(old intensity/255) gammal]

= 803 H2B568.tif

-~ Gamma
67 2xA12 pixels; 16-bit grayscale; 672K

Gamma ﬂ%

- Gamma result
672512 pixels; 16-bit grayscale; 672K

- Histogram of 803 - Histogram of Gamma
[

0
Count: 344064 Min: 176 Count: 344064 Min: 0

Mean: 191 Max: 499 Mean: 121 Max: 499
StdDev: 10 Mode: 189 (67531) StdDev: 118 Mode: 0 (165053)
Bins: 256 Bin Width: 1 Bins: 256 Bin Width: 2

List| copy ﬂ ':_alu? ij ust| copy @ falue: 261
count: 9 co ]

unt: 0
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Filtering

e Image processing filters are mainly used to:

— suppress the high frequencies in the image, I.e.
smoothing the image, noise reduction

— or suppress the low frequencies, i.e. enhancing or
detecting edges in the image
 An image can be filtered either in the frequency
or in the spatial domain.
— Filtering in the frequency domain requires Fourier

transform first and re-transformation after application
of the filter.

— Filtering in the spatial domain is done by convolving
the image with the filterfunction.



EMBL internal only

Filtering

« Shifting and multiplying a filter kernel | |

l

Filtered image
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Noise Reduction: Mean

Ol Ol |OI[-
Ol |[OIFk |O|~
Ol [OIF [|©O]-

|

mean

Mean 1pt

'l
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Noise Reduction: Gaussian

 Filtering with a gaussian bell-shaped kernel:

0.2,

0.15 4

1
16
> 1
16 =15
’/1/_7
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Noise Reduction: Median

123

125

1286

130

140

122

124

126

127

135

118

120

150

125

134

1149

115

1149

123

133

111

116

110

120

130

—
median

Neighbourhood values:

115, 119, 120, 123, 124,
125, 126, 127, 150

Median value: 124

Median 3x3

Median 5x5
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Noise Reduction: I\/Iedian Mean

l“’ii:d:
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Median-, Mean-, Max-, Min-Filter

W i
EHJIIJ_“,HLJJ_IH
Wasead LY

s g 8 10 T D
W ]yl




Sharpen / Blur

-1 -1 -1
-1 9 -1

-1 -1 -1
—
sharpen

111
1 21

111
e

blurring

EMBL internal only
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Example:
Edge-Finding with derivatives
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Background Subtraction

« Even background:

— Measure the average intensity in the background and
subtract this average from image

- Image.]

Measure Strg+M

Text tool Analyze Farticles... File Edit Image Bag:c-R Analyze Plugins Window Help

i fESla|ol s srgumenavs. (1|8 ||
E'Sbmlb”m”'" *Elliptical® or brush { Sharpen
dabe v

Find Edges Strg+Umschalt+F

Clear Results Enhance Contrast

Set Measurements... e i

Set Scale... Shadows »

Calibrate... Binary >

Histogram Strg+H L4

Flot Profile Strg+K EET q Subtract..

Surface Plot.. Filters | MuTphy

il * Image Calculator... ik
__Tn_u_l_s e S h Subtract Backaground... ...

Repeat Command Strg+Umschalt+R | b

HOR...
I ..
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Background Subtraction

e Subtract “background image”
(same exposure time without illumination)

File Edit Image Ba{l==::8 Analyze Plugins Window Help

ﬁggﬂi Smooth srgsUmschait=s  [| 2| 'R |&| [>]

Rectangular selectic Sharpen
Find Edges Strg+Umschalt+F =

Enhance Contrast = Image Calculator @

Moise
Imagel: |clown.jpg vi
Operation:  |[Subtract -
Image2: |clown.jpg vi

Shadows

Binary
Math
FFT

* ¥ w v v ¥

Filters

v Create Mew Window
Image Calculator... [ 32-hit Result
Subtract Background...

Repeat Command Strg+Umschalt+R
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Background Subtraction

e Uneven background: Rolling ball filter
— Use kernel larger than diameter of largest object

= BO3 HIB568-2.tif (75%)
E72x512 pixels; 16-bit grayscale; B72K

A

Original Image

T T

“Opening”

File Edit Image B0 Analyze FPlugins Window Help

Eggg: Smooth Strg+Umschalt+3

Angle toal Sharpen
Find Edges Strg+Umschalt+F

Enhance Contrast
Moise

Shadows

Binary

Math

FFT

Filters

Image Calculator...
Subtract Background...
Repeat Comman d Strg+Umschalt+R

a|nla] |~

VAUEAN

Original Image - Opening

= rollingball (75%)




Line Profile

Without background subtraction

= Plot of 803
520300 pixels, 8-bit, 1521

LEX

= Plot of 803
520x300 pixels, 8-bit, 162K

EMBL internal only

EEX

2031

Gray Value

182.2

0 Distance (pixels)

865

2825

Gray Value

0

Distance (pixels)

List Save Copy. X=291, Y=189.0

List Save Copy.

= rollingball (75%)

672512 pikels; 16-bit arayscale; 672K

After rolling ball (50) background subtraction

L Plot of 803 EExX
520300 pizels; 8-bit, 152K

= Plot of rollingball
520x300 pixels; 8-bit, 1524

o=

915 1025

@ @

=2 =2

2 2

g 5

5] 5]

o Distance (pixels) 665 o Distance (pixels) 803

List Save..| Copy.. List Save..| Copy..




EMBL internal only

Thresholding

Thresholding Is used to change pixel values above
or below a certain intensity value (threshold):

4
= Apply Lut 4
7 = < A mgball-4
b7 A5 ) plesls, 16-bit g

CE®

CE®

Threshholding is a simple

method for Segmentation
(separation and location

of objects of interest)

CE®
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Measuring Sizes

Fis C mags Protedd
B oo~z

Set Scale with pixel (voxel) size

Include Scalebar

Known Distance:

Fugi YWindoe Help

Pixel Aspect Ratio:

o

1.00
0.208
1.0
um

Unit of Length:

gl W0 I

suge W | &GN

Scale: 4.808 pixelsium Pl Py S

™ Global

0K | Cancel ‘ Tocks £

L bl

Cleat Resuly

Tl b arorgmant

= B03 H2B568-1.tif
138.78x106.50 pm (B72x512); 18-hit grayscale; B7 2K
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Measuring Length

EBX

-~ Results

Fie Edit File Edi
[Mean [Min [Max [Angle |[Lengtr « [Mean [Min [Max [Angle |Length | -
94 0 275 57 13 18 0 95 O B
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Area Measurement

16bit image 32bit image, 16bit image,
background thresholded same threshold
_ Results to “Not a Number”

as in 32bit image
but not applied

File Edi
|area [Mean [Min [Max

232 28 0 248 ¥ iSet Background Pixels to Nal:
232 26 ] 293

QK Cancel

= NaN Backround

1
2
3
Fl
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Analyze Particles

Plugins  Window Help

Fila EdA Image Frofess
OoiEIe =T |£ usasue Swg=Ll r FIxI9h

Redangular selecions

- CRIMETLENZ e
= Analyze Particles / Disrbution
Label
Size (um*2): |l Cieas Riesulis

S Mersuraments

Circularity: |0.00-1.00

ool Soale

oo B Segmented objects
Hishogram Swg=H
[ Display Results [ Exclude on Edges Picd Profile Sirgek
[v Clear Results [ Include Holes Surface Plot
[¥ Summarize [~ Record Starts 'T’E:i >
aols L]

oK Cancel

& Drawing of 803 HZB568.ti

A

1 -~ Results E@@

File Edit
|area [Mean [Min [Max [Median | a
1 11 121 34 283 122
2 34 110 22 309 100
3 ] 120 35 2890 107
4 2 a4 34 163 84

z 1]
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Threshold and Openlng/CIosmg

Closing: Dilate/Erode
Opening: Erode/Dilate
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Color Functions

Filg Eoit Process Analize Pluging Window Haip

ECH:Z Tme 'PDJ Zloa

Rectanguls

« RGB Merge /RGB Split

Adjust

Sverey Inf Suge

Fropedies SugUmschai=F

Stacks ¥ RGESpi

Crof mr
Shoray LU

Duphicale Sirg=Limachai=D #
EdeLUT

Fename ores e .

ks — Colof Picker  StrgsUmachal=K

Rotate ¥

Zoom J

Lodckup Tables '

LR [orescentCelis jpg (red) R

Green: |FIu0rescentCeIIs.jpg [green}j

Blue: |FIu0rescentCeIIs.jpg[blue} L]

I~ Keep source images

oK Cancel
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Further Information

Microscopy Primer
http://micro.magnet.fsu.edu/primer/index.html

EAMNET Teaching Modules (Zeiss Basics!)

http://www.embl.de/eamnet/html/teaching modules.html

Digital Filters:
http://homepages.inf.ed.ac.uk/rbf/HIPR2/filtops.htm



http://micro.magnet.fsu.edu/primer/index.html
http://www.embl.de/eamnet/html/teaching_modules.html
http://homepages.inf.ed.ac.uk/rbf/HIPR2/filtops.htm
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