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Basis of projection

Maximum Intensity Projection; The brightest pixel
value of all thez-ptames for each XY pixel is selected
and a single plane image produced I
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Microscopy images are somewhat
different to other fields




Microscopy data are in many formats

Microscope specific formats

LIF, LEI, LSM, ZVI, STK, OIB, OIF, dv, ICS/IDS, 1CS2, r3d,
PIC, IPL, CXD, SDT, IPW, ND2, RAW, IMS. . .

=
& ._3_4 80 lat gfp 3.tif - Windows Picture and Fax Viewer m=x ) Y carit apen tis e
- File:  image 2_gfp_tdTom_1P.lsm

To open this file, Windows needs to know what program you want to use
open it. Windows can go online to look it up automatically, or you can man
No preview available. select from a list of programs that are installed on your computer.,

What do you want to do?

(@ Use the Web service to find the correct program

() Select a program from a list of installed programs
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OK ] [ Cancel




File Edit Image Process Analyze Plugins Window Help

0 Q||| ~<| 4] +|NA|A|E]_|®peysujra] /] 4] &)

Paint selections (shift click for multiple points)

v Types of images - bitmap/vector and compression
v' Bit-depth, histogram, scaling and gamma

v Export to standard formats for figures

v" Color use and misuse

v" 3D images - Projections and other views

v" Stitching and alignment

v Image processing - Filters

v Segmentation - Regions of interest

v" Quantification - Count, measure, intensity, colocalization, 3D
measurements, tracking



Data > big(ish) data

One image = ~1 MB

A3 Z2*11 t*360 =~12 GB

Can be a challenge to
e Move the data
 Store all your original data
e Keep it safe
e Be able to find it again



http://images.google.com/imgres?imgurl=http://cilinc.net/wp-content/uploads/2007/08/cd.jpg&imgrefurl=http://cilinc.net/?p=161&h=500&w=500&sz=40&hl=en&start=2&um=1&tbnid=tTNrryuFDDz4JM:&tbnh=130&tbnw=130&prev=/images?q=cd&um=1&hl=en&sa=G
http://images.google.com/imgres?imgurl=http://cilinc.net/wp-content/uploads/2007/08/cd.jpg&imgrefurl=http://cilinc.net/?p=161&h=500&w=500&sz=40&hl=en&start=2&um=1&tbnid=tTNrryuFDDz4JM:&tbnh=130&tbnw=130&prev=/images?q=cd&um=1&hl=en&sa=G

Some useful things for the microscopist to know
about hard-drives and servers

Drive formats:

« NTFS = PC (and Linux understands)

e HFS+ =Mac OS X Extended

e Ext* = Linux

o FAT32 = All (but with some limitations - 4GB max file size)

Hard-drives fail, RAID helps (not always)

Non-redundant, faster write speeds


http://en.wikipedia.org/wiki/File:RAID_0.svg
http://en.wikipedia.org/wiki/File:RAID_0.svg
http://en.wikipedia.org/wiki/File:RAID_1.svg
http://en.wikipedia.org/wiki/File:RAID_1.svg
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4-40 MB/s

~25 MB/s

<10 MB/s




Programs for viewing your microscope images
on your computer

ﬁ | G@L@_ Free basic versions of the confocal software
for the particular format

(but FIJI opens them all)

e Irfanview opens 16-bit TIFF (PC only)

IrFantiew

Download links for all http://microscopy.duke.edu/analysis.html



http://microscopy.duke.edu/analysis.html

Are we going to use Photoshop?

No

Pho-to-shop [foh-toh-shop]

verb (UEEd w.rth object), Pho-to- 5hupped Pho-to-shop-ping.
( sometimes i'owe‘"mse ) to alter (an |mage| L|5|ng this software: Her face is nicely Photoshopped in the
m:i They ve photoshopped the car onto an image of a beautiful beach.

M GNU Image Manipulation Program

-

http://www.gimp.org/



http://www.gimp.org/

FlJI/ImageJ and reasons to use it

FIJI - FIJI Is Just ImageJ http://fiji.sc/wiki/index.php/Fiji

File Edit Image Process Analyze Plugins Window Help

8 Q|0 ~<| 4] +NA|Q @] |@se| ] ¢4 || |

Puoint selections (shift click for multiple points)

(FIJI is Imaged + a set of useful plugins, an update tool, 3D
Java, scriptingand . . .)

« It's free (no cost, no licenses to deal with) Q%;u—manager
« Opens nearly anything | |
e |t is extremely useful - many and powerful features
e |t works on any OS

« Open source - (can view and modify the source code - you
know what it is doing)

e Active development - lots of other people like you using it
e Has an incredible number and variety of plugins

The Open Source Microscopy Software



http://fiji.sc/wiki/index.php/Fiji

There are updates available.
Do you want to start the Fiji Updater now?

Hever Remind me later

File Edit Image Process Analyze Plugins Window Hgl=ls)
. D_‘ = ‘ U|/j A_| | & ‘ A‘ °\|€"'5‘| |® ‘““,‘5 ImageJ Website...
e ImageJ News.
Documentation. ..
Installation. .
| J =) Search Website. ..
[ [ Status/Action List Archives...
fiji-win32.exe Update it
ins/30_Blob_| on.j Update it
plugins/3D_Viewerjar Update it Dev. Resources...
plugins/Analyze Skeleton_jar Update it
plugins/Arrow_jar Update it i
plugins/Auto_Threshold.jar Update it Pl Ug Ins...
plugins/Bean Shell_Interpreter jar Update it
plugins/Bug_Submitter.jar Update it Macros. ..
i isation_Analysis.jar Update it
plugins/Colour_Deconvolution.jar Install it Macro Functions. .
plugins/Daltonize_jar Uninstall it
plugins/Dichromacy_.jar Install it
plugins/Examplesiimage_To_Tool_Icon.bsh Update it
plugins/Examples/Multithreaded_Image_Processing.clj Update it Update lmage'J"'
i _Cloud.rb Update it
plugins/ExamplesTrakEM2_Example_ScriptsiHomogenize_Ball_Radius.py Install it Refresh Menus
plugins/Examplesiblend_two_images.clj Update it
i -andom_noise_ clj Update it H
plugins/Extended_Depth_Field jar Update it About Plugins 4
plugins/Feature_Detection.jar Update it
plugins/Fiji_Pluginsjar Update it
plugins/iO_jar Update it ImageJA Web Site. .
plugins/JRuby_Interpreter.jar Update it
plugins/Javascript_jar Update it :
plugins/LSM_Reader.jar Update it Onlme DDCS
plugins/PIV_analyser.jar Update it
i _Javas.jar Update it About ImageJA
[ Jappiy cnanges | agvanceamose | cancar |
Reporl a BUg
Upload Sample Image
Help on Menu ltem
Fiji Wiki
Update Fiji




Overview of the FlJI software

Configure buttons

on toolbar
Fiji ik
Common , : . .
tools File Edit_Image O ProcessA Analyze A Plugins ) Window Help
IO O\ o< |4+ |N A& A ®|peswjur g4 [&] |
Paint selections (shift click for multiple points)
Infobar

Plugins and Macros are extensions of core functions - write
them yourself or use ones written by other people



Oddities of the FlJI software

Multiple Document Interface - lots of little windows
File/Close All is quite useful

Java based - System and Java clipboards
Undo - doesn’t always work - File/Revert (ctrl-R)

Ctrl-L gives command Finder

Type part of a command: |

Load Particles (.tif file - fast)
Open Virtual Stack
Save Particles (.tif file - Fast)
*recent commands

["] Show full information  [+] Close when runnin

‘ Run || Export || Close |




ImageJ?2

http://developer.imagej.net/downloads

Edit Imaggrrmuyze Plugins Window Help
& Smooth (2] %S | |

i Sharpen [1J2] ot magel % el
» Find Edges (2] HNA| @lalol 21¢]4aln|a]~] .
Rl s Pixel prob /
| %rindvaima.. e ' Help/Switch To Modern Mode
‘ ¢ .Enhance Contrast !_‘if
Channel: 171  Noise e
Binary
L Add... [U2]
:FIT & Subtract... [1J2]
ters 2 l“)qil\‘/lildizlyn[.UIZUIZJ File Edit Image Process Analyze Plugins Window Help
Batch > o e 5
¢ Image Calculator... & AND... [112] EO|Q|/|A|+| | | o‘|€h’1| J| ﬁ' ﬁ|&| | .
“ Image Calculator... [1)2] ¢ OR... [I12] imageJ 2.0.0-beta7.3; Java 1.6.0_24 [amd64]
¢ Subtract Background... # XOR... (U2]
» Min... [12]
Shadows » Max... (2]
2 Gamma... [1)2]
W Set... [12]
: - ¥ Log (2] :
Channezl : - % Exp [1J2]
W Square [1)2]

& Square Root [1)2]

» Reciprocal [1J2]

» NaN Background [1J2]
& Abs [12)

¢ Macro...

Headless | N-dimensional formats | Complete re-write



Opening a file

File:
FirstImage.tif

g=8 Edit Image Process Analyze Pluging Window Help
New vIAla @] @ ]pey
Qpen... Ctri+0
:  Open Next Ctri+3hift+O

swlur) |4 |&] |>]

Open Samples »
Open Recent >
Import b

p Or
Close Ctri+W
Close All
sSave Ctri+5

[ i
Save As > [ Fiji - EEE
Revert Ctr+R File Edit Image Process Analyze Plugins Window Help
B o|z|o| 4|+ |x|Ala|®] 2| ®vesw|ur| g 4 [a] ||

Page Setup...
Print... Ctrl+pP ==Drag and Drop==
Quit




-y Really basic functions

+ = Zoom 1in
- = Zoom out
5=1:1 zoom

Hold space bar and left click drag = Pan

Duplicate the image:
/Image/Duplicate (or ctrl+shift+D on a PC)



Images are in many formats

Microscope specific formats

LIF, LEI, LSM, ZVI, STK, OIB, OIF, dv, ICS/IDS, 1CS2, r3d,
PIC, IPL, CXD, SDT, IPW, ND2, RAW, IMS. . .

=
a3 480 lat gfp 3.tif - Windows Picture and Fax Viewer E]@W ‘ﬂ indows can't open this file:
- File:  image 2_gfp_tdTom_1P.lsm

To open this file, Windows needs to know what program you want to use to
open it. Windows can go online to look it up automatically, or you can manual
No preview available. select from a list of programs that are installed on your computer.,

What do you want to do?

(@ Use the Web service to find the correct program

() Select a program from a list of installed programs

Q0 E&a&a7 | PP XuE @

OK ] [ Cancel

General formats

TIF, GIF;, BMP, PNG, SVG, JPEG, MPEG, QuickTime, AVI, SWF,
PICT, EPS, PDF, PSD, XCF . ..

Which of these are good and what characteristics do they have?



Two types of images

Qi tmap/ raste> Vector

S S

Array of pixels Mathematical/geometric equations

Scalable
Efficient for some things

Photoshop/GIMP Illustrator/Inkscape




= 4 Compression
Name Size
Files: X File_TIF 679 KB
These ones — % File_PNG 434 KB
| File_TIF 425 KB
* File_JPEG100 142 KB
* File_JPEG25 10 KB
« How different do the images look?
* Which ones are wise to use?
(I made the JPEGs different using s

[~ Use JFileChooser to openisave

Edit/Options/InputOutput sk

Results Table Options

[ Copy column headers




Compression types

Lossless Lossy

Encodes exactly the original data
(encodes redundant information and some
other clever tricks)

Throws some information away to reduce
the file size

You can get back the original You can not get the original back

Allows a much smaller file, Range of

Sometimes not that much smaller . .
quality/size

Zip etc (takes time), LZW

PNG JPEG



Intensity range and
displaying them
optimally and fairly



:'i y What intensities are in an image?

File Edit Image Process Analyze Plugins Window Help

[=follaiicl P PAL SENVNENVIIRIOILALVEVAVAL i

¥=193.83, y=149.60, z=0, value=1913

Mouse over for: Coordinates | Intensity



Analog to digital conversion

CCD

Incoming
Photons

+V Polésillcon
Silicon ate
Dioxide

n-Channel —
Potential =
Barrier Potegﬁlal

Photogenerated
I 3 -Vl

Electrons p-Type Silicon

Incident
photon

PMT

Electrons

Photocathode

Anode (+ve)

1NN

Focusing

electrode Dynode

|—— Adjustable voltage




File Edit Image Process [AGElF=8 Plugins Window Help H]Stogram

Measure Cirl+mM

Scrolling tool (or press space bar 2 Analyze Particies...

Summarize

Distribution. ..
Label

ciear Resuls The image histogram is a very
Set Measurements. .. useful Way Of lOOk]ng at the
setseale. intensities in the image

Calibrate...

Histogram Cirl+H
Plot Profile Ciri+k __

Surface Plot...
Gels r
Tools >
P A Often the background produces
v = a peak at low intensity B 020 ]
A
ag / Count: 262144 Min: &
‘s t Mean: 2637.576 Max: 65535
- StdDev: 9076.697 Mode: 60 (173083)
_E E Bins: 256 Bin Width: 255973
5%
o

ﬂl anlg ﬂl walue=44545_242

count=32

Intensity



Bit-depth

The range of intensities can be represented with different numbers of gray-levels

0 1
o 2*1 Binary
0 1 2 3

oot 2°2

0 255
oo I 28 *

0 4095
ot | 212

0 65 b35
it | 26 *

} ;

Pure black Pure white



Even more Bit-depths

e Signed and unsigned 16 bit
- 0-65,535
- -32,768 to + 32,767

(What is a negative intensity?)

o 32-bit float - 4.3 billion + Decimals + NotaNumber



How many grey levels do we need?

8-bit enough for most things: But it is useful to
Human eye (without adaptation) use more in
Monitors - contrast factor microscopv?
Printers PY?

Dynamic What span of a measurement can be measured?

range Signal at the greatest intensity of lisht measurable
Lowest intensity (Noise limited)




How many grey levels do we need?

How many photons/px are involved?

Say, <100 ~1000 10-100 before EM

Confocal CCD EM-CCD

%
°I
|

255 1095 0 65,535



What if only some of the range is filled?

L




Scaling

File: : : : :
. File Edit Ply=k= Process Analyze Plugins Window Help
B Imageforscaling v | | ®|ves|s|un| g | 4 | & |
Brightness/Contrast. .. Ctri+Shift+C
Show Info... Cirl+l Window/Level...
Froperties. .. Ctrl+Shift+P Color Balance. ..
Color | Threshold... Ctri+Shift+T
Stacks * | Color Threshold...
Hyperstacks | Size...
208
al |
Minimum
a [ ]
Maximum
1| I PI
Brightness
Enhance « | b .
Contrast Min to Max
contrast ) q

Changes the pixels!

Type in numbers,
can set to all open images



Contrast in image scaling

Full range of CCD Full range of image Slight clipping
( oY B_Imageforsca...[ =12 2| ( joja B_Imageforsca..‘: = | =] 23 [\ (T'» B_Imageforsca...@@ﬁ‘

200x370 pixels; 16-hit; 145K 200%370 pixels; 16-bit; 145K 200%370 pixels; 18-bit; 145K
2 r
77

2

Why is this useful,
when is this ok,
how much is ok?



Exporting an 8-bit copy

Ctrl+shift+D File Edit Process Analyze Plugins Window Help
=Duplicate slelal e | eo  [FAVACIEEED
Show Info... Ciri+l 32—F>It
Properties... Cirieshifisp | S0 Color
RGE Color
Color ,

Save your original images -
use for quantification

g 1 IR
fi B_Imageforsca...'. | =R ’rﬁ B_Imageforsca.ntgjm
200x370 pixels, 16-bit, 145K 200370 pixels, 8-bit, 72K

- 7 ',’

Easy display/publication

ﬁ

Original pixel intensity
range stretched or
compressed to 8-bit




Which format should | use for export?

Probably makes sense to use the format of the
microscope as much as possible, if you do need
to export to a standard format . . .

TIFF (aka TIF), and variants

e Lossless

Suitable bit-depths (8-bit or 24-bit RGB for export)
Space for metadata (not always populated properly)
Open

Pretty much universal



What happens to the numbers?

L




Scaling has limitations

Scaled to 0 - 4095

100 msec 200 msec 400 msec 600 msec 800 msec 1000 msec

o

100 msec 200 msec 400 msec 600 msec 800 msec 1000 msec

Auto-scaled to min-max of each image

How many grey-values should you have in your raw images?



Imperfections in image scaling

12-bit to 8-bit
‘ |WHH compression

I
0 255

8-bit to 8-bit
Stretch

B
255 0 255

r

980 2242

Avoid scaling any images you want to quantify



g

_y

Files:
A Imageforscaling
B Imageforscaling

(i | IR 7~ 5
fy A_Imageforsca...“.__c’ = % T B_Imageforsca...
200%370 pixels; 16-bit; 145K

200x370 pixels; 16-bit; 145K

Exercise: Fair display

Display these to:

1. Reflect the intensities
2. Show best structure
Make 8-bit copies of each
pair



> 4 Inverting an image: making a
hegative

Files:
Invert this.tif
A Imageforscaling

Try inverting an image: Edit/Invert
Look at the histogram

Mouse-over the pixels

Scale it

Compare to original



Linearity in intensity display

That sounds a good idea, let’s do that

Problem

Glare limit

Scotopic
threshold

Brightness(cdi/m2)

e

2

L )

8 |2

5 | & B,
2 | 2

—_— ~

v |'S By
L 3]

2 | 8

53 (o}
2 18

=

5 |[<

w

Scotopic

~~ Photopic
I | I 1 l | l ! l 1 I

-6 —4 -2

Log of intensity (mL)

400
350
300
230
200
150
100
50

0

Solution

L
SR THRPRINED

1T
Q0D ¢4 S 000 0N 00 W0 TN 00 WO ey o
- v e OO O O NN O

Gray Level



File: gamma

Gamma

Y
output = input

Out

in

Stick with 1 if you can, certainly state

Linear” display of brightness: vy =1 if any images are not linear

You can change your image: /process/math/gamma




Color



The 10 million colors we can see



http://en.wikipedia.org/wiki/File:CIExy1931_fixed.svg
http://en.wikipedia.org/wiki/File:CIExy1931_fixed.svg

Our eyes

How many
Mpx are

these? \

1ol 7

08+

0.6

0.4+

02t

- - i i i i ey | 0
400 450 500 550 GO0 GBS0 700 4000 450 300 350 e00 GBS0 700

Monitors etc fit in with our eyes - tiny little R, G or B pixels


http://upload.wikimedia.org/wikipedia/en/1/1e/Cones_SMJ2_E.svg
http://upload.wikimedia.org/wikipedia/en/1/1e/Cones_SMJ2_E.svg

24-bit RGB

25935 = 255 ,
191 191

128 128

64 64

0 0

2563 = 16.77 million



Color in imaging

Most of it is actually pseudo-color in fluorescence:

Sensitive monochrome detector

VA

Vi

I I I3

&

LL

Bandpass filter Bayer mask in color camera

We use color to add context and aid interpretation



LOOkup tables File Edit Image Process Analyze Plugins Window

B ol |o|~|£]+ /Al |o] |®]oms J|a] ||

¥=193.83, y=149.60, z=0, value=1913

Different ways of displaying the same image . . .

Good for adjusting the
gain and offset on
the confocal

Helpful for distinguishing
similar intensities




~—

Try some LUTs File: gamma

y

Try lots of different ones
Analyze/Tools/Calibration bar
Inverted LUT - same as image inversion? Mouse over.

Do you think inverted is a good way of displaying?



000-gra Aut 001-fire lut 0 2-spectrum. Iut 003-ice.lut

004-phase.lut 005-random.lut 16_colors. lul

16_ramps.lut 20_colors.lut 32_colors.lut

6_reserved_colors.lut 6_shades.lut amber.lut auxctq.lut

blue_orange _icb. Iul brain.lut brgbcmyw lut

16_equal.lut

5_ramps.lut

blue_orange.lut

N S
cells.lut cequal.lut cmy-cyan.lut cmy-magneta.lut
N 1 T
cmy-yellow lut cmy.lut cold.lut _ cool.lut
e | | | | ''EEEEN
cti_ras.lut edges.lut gem-16.1ut gem-256.1ut
I |42
gold.lut yr_centre.lut heart.lut hue.lut

hue_ramps_08.lut hue_ramps_16.1ut iman Jut invert_gray.lut

--v -

isocontour lut log_down.lut log_up.ut mixed.lut

neon-blue. lut neon-green.lut neon-magenta.lut neon-red.lut

pastel.lut rgb-blue.lut rgb-green lut rgb-red lut

sepia.lut siemens.lut smart.lut

B L.

split_blackwhite_ge.lut split_blackwhite_warmmetal.lut split_bluered_warmmetal.lut

royal.lut

.

split_blackblue_redwhite.lut

system_lutlut thal_16.lut thal_256.lut thallium.lut

topography.lut unionjack.lut vivid.lut warhol.lut



Color display

File:
FluorescentCells

File Edit Ply=i=] Process Analyze Plugins Window Help

iacjg e » Pl ®onfsfua] 0|4 |&]_ |»]

Paintbrush T Adjust 3

Show Info._.. Cirl+l
Properties. .. Ctri+5hift+P

Split Channels
Stacks ¥ Merge Channels.
Hyperstacks »  Channels Tool _.

v" RGB and Composite (more channels, more flexible)
v Channels Tool

v Split and Merge




Color display isn’t always useful




4 or more color images

g P® &

namure . 2 v 1 o
cell biology

Focus on
Microbial Host Cell Sy(bversnon

Dor'l)ventral determination
Heterodimeric BMPs prevail

DNA damage inhibits longevity signalling
WIPing out NF-xB activity




i

y

v" RGB and Composite (more channels, more flexible)
v Channels Tool

v Split and Merge

Exercise: Color display

Files:
ImageQuad A
ImageQuad B
ImageQuad C
ImageQuad DAPI

Take these 4 channels of the same cell, make a composite
with the channels pseudo-colored and scaled as you think
best displays them and export as 24-bit RGB tiff

Should you scale the 4-channels in the same way?
Can you split the final RGB back to your 4 images?



T g Other color spaces

File:
HEE .tiff

« Image/type/HSB stack or RGB stack

» Image/Adjust/Threshold Colour



