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Image data of

more than 2D-
z, t...



Optical sectioning

Widefield

Detector | ;

Confocal Pinhole — <

Focalplane |/

Light from below | =
focal plane

Dichroic



Optical sectioning and 3D imaging




When more than 2 dimensions are
involved

ITC, XYCZT, CTZ . . . order

It’s generally all there, just need to understand it
Bit more of a head-ache than you might think
Watch out for mistakes

Easy to swap (normally)



Plugins/LOCI/Bio-Formats Importer

[ LecEnD | [ LecEnD |
oo w oo w
B i £ 5 > g EE £ 5 =
2 28255 z . | ZEEEE
#| = | Format Extensions Details [ a=o0a3 #| = | Format Extensions Details = =0a>
1.| ¥ | Adobe Photashop PSD _psd I | ¥++/+= || 36. | % | Leica LAS AF LIF (Leica Image File Format) lif | mFo | 4
2| % | Alicona 3D .alid [ mFo | H || 37. | & | Leica LCS LEI lei, _tif | nFo |
3. | % | Amersham Biosciences GEL gel | mFo | mm (38 | 8 | Li-Cor L2D 12d, tif scn Y | =vv
4| % | Analyze 7.5 .img, _hdr B | e/ ef= || 39. | & | LIM (Laboratory Imaging/Mikon) lim Y | vRERR
5.| # | Andor Bio-lmaging Division (ABD) TIFF if | mFo | /=2 |1 40| # | MetaMorph 7.5 TIFF iff [ mFo | =<
6.| « | Animated PNG png = % || 41.| % | MetaMorph Stack (STK) stk [iro | @
7.| ¥ | Aperio SVS TIFF .5VS [ mFo | <7 || 42| & | uManager if, et == =57
8. | ¢ | AVl (Audio Video Interleave) avi B | =% || 43.| % | MINC MR -mnc ) | vvvy=
9. | % | Axon Raw Format (ARF) arf EE | P=7%= || 44.| % | Minolta MRW mnw | ov===
10. | ¥ | Becker & Hickl SPCImage _sdt | mFo | 8= |45 | % | MNG (Multiple-image Netwark Graphics) .mng Y | vvir=2
11.| ¥ | Bio-Rad PIC pic | o | 46. | # | MRC (Medical Research Council) .mrc | mFo | L4
12| & | Bitplane Imaris .ims | nFo | == |1 47 | % | NEF (Mikon Electronic Format) _nef, tif [ mFo | BRH
13. | # | BMP (Windows Bitmap) -bmp | nFo | =% || 48. | % | Nifti .img, .hdr BN | P Tv=
14.| % | Cellomics c01 P | ¢ %= || 49| 32 | Nikon NIS-Elements ND2 .nd2 | mFo | -
15_| # | DeltaVision dv, .r3d | nFo | /% || 50_ | % | nrrd (Mearly Raw Raster Data) .nrrd [ nFo | =
16. | ¥ | DICOM .decm, .dicom == = | 51| & | Olympus 3i SlideBook .sld Y | =%0®
17.| # | EPS (Encapsulated PostScript) eps Y | ¥/« % || 52. | 8 | Olympus CellR/APL .apl, .mtb, tnb, tif | [IEel | ===
18. | # | Evotec/PerkinElmer Opera Flex flex [ mFo | HEHE || 53| ¥ | Olympus FluoView FV1000 _oib, .oif | mFo |
19| % | FEI .img P | === || 54 | % | Olympus FluoView TIFF tif [ nFo |
20. | # | FITS (Flexible Image Transport System) fits Y | 7=v= || 55. |+ | OME-TIFF _ome.tif | mFo |
21.| # | Gatan Digital Micrograph dm3 N | === || 56. | ¥ | OME-XML .ome ==
22 | # | GIF (Graphics Interchange Format) gif | mFo | = & || 57| & | PCX (PC Paintbrush) pex Y | ¢ R=%=
23. | # | Hamamatsu Aquacosmos NAF _naf P | v=%== |58 | & | PerkinElmer UltraView Aif, 2, 3, .4, . | [EH | vv===
24 | + | ICS (Image Cytometry Standard) ics | mFo | 59| # | PICT (Macintosh Picture) pict B | o==o%
25| # | Image-Pro Sequence _seq [ mFo | === || 60| ¥ | PGM (Portable Gray Map) pgm | mro [JIERTZEREZ
26. | % | Image-Pro Workspace ipw [ mFo | HEH || 61, + | PNG (Portable Network Graphics) png By | v 8
27.| # | Improvision Openlab LIFF liff ] | = || 62, | 3 | Prairie Technologies TIFF tif, xml Y | ovv=«
28.| ¥ | Improvision Openlab Raw raw | mFo | = |1 63. | ¢ | QuickTime Movie mav =l | ¢ F=ic®
29| % | Improvision TIFF tif | mFo | =+ | 64| % | SimplePCl _cxd [ nro NS
30.| ¥ | InCell 1000 xdce, tif [ wFo | /=<7 || 65_| + | TIFF (Tagged Image File Format) tif | wFo | =
3. | & | IPLab ipl | mFo | == || 66| & | TillPhatonics TillVision ws | v=#2%=
32.| & |IPLab-Mac .ipm R | /%= || 67. | % | VisiTech XYS xys, -html R | v=8v
33.| ¢ | JPEG ipg I3 | % % || 66. | 32 | Zeiss AxioVision ZVI (Zeiss Vision Image) 2 [nFo | @
34| | JPEG 2000 Jp2 I | %% || 69. | 2 | Zeiss LSM (Laser Scanning Microscope) 510 Ism | mFo | Pired
35. | # | Khoros VIFF (Visualization Image File Format) Bitmap | v N | v=%%%

http://www.loci.wisc.edu/ome/formats.html#formats



http://www.loci.wisc.edu/ome/formats.html

File:
Neuron_3D_time .1lsm

Stack viewing

View stack with:

Hyperstack -

pevezr =l

Stack order:

Dataset organization

[ Group files with similar names
I~ Open files individually

[ Swap dimensions

[T Open all series

[T Concatenate series when compatible

Color options

Color mode:

| Defaut |

v Autoscale

Metadata viewing
[” Display metadata

™ Display OME-XML metadata
[” Display ROIs

Memory management

[T Use virtual stack

[ Specify range for each series

™ Crop on import

Split into separate windows —

¥ Split channels
™ Splitfocal planes

[~ Splittimepoints

Information

View stack with - The tvpe of image viewer to
use when displaving the dataset.

Possible choices are:

& Metadata only - Display no pixels,
only metadata.

& Standard ImageJ - Displav the pixels
in Imagel's built-in 2D viewer.

& Hyperstack - Display the pixels in
Imagel's built-in 5D viewer.

& Data Browser - Display the pixels in
LOCT's multidimensional Data Browser
viewer. The Data Browser has some
additional features on top of the normal
Image] hyperstack.

& Image5D - Display the pixels in
Joachim Walter's Image3D viewer.

-

D nmandar s #ln o Temmora ST andan ovian

Ok | Cancell




File Edit

Adjust
Show Info...
Froperties...
Color
Stacks
Hyperstacks

Crop
Duplicate. ..
Rename...
Scale._ ..
Transform
Zoom
Overlay

Lookup Tables

Annotate
Drawing
Selection
Video Editing

»

3
Ctri+l
Ctri+Shift+P

Ctri+Shift+X
Ctri+Shift+D

Ctri+E

Process Analyze Plugins Window Help
| @lpelsifua| ¢ |4 |&] |»]

Meta-Data

Data about data-

The machine used for acquisition

Scaling information (size of pixels - scale bar)
Objective used

Wavelengths of excitation & emission
Exposure time, Gain/offset, binning
Annotations (sample type and preparation)

It can be wrong

Not necessarily exported to other formats
(good reason to keep data in native format)



. Dealing with lots of slices and
J dimensions: Assembling

Easy to open data in native microscopy formats, what

about a tiff series like “zt_series”?

v File/open (or drag and drop) - one file

v’ File/open (or drag and drop) - first 6 files
v Image/Stacks/Images to Stack

v File/Import/Image sequence

v Import all 60 and
v Image/Hyperstack/Stack to Hyperstack

111 Sequence Options | 2|

Mumber ofimages:

G0
Starting image: |1
,1_

Increment:

™ Convert to 8-bit Grayscale
[ Convertto RGB

W Sort names numerically
[ Use virtual stack

512 %512 x 60 (30.0MB)

OK | Cancell Help|

11 Convert to HyperStack |i|

Order:  |xyczt(default) -
Channels (c): |1
Slices (z): |6
Frames (t); |10

Display Mode: | Color -




Dealing with lots of slices and

dimensions: Trimming

Starting with our Hyperstack of Z=6, t=10. . .

v Image/Hyperstacks/Reduce Dimensionality

(unchecking slices keeps current slice for all t)

11 Reduce | 23

|"'|

11 Delete |

£3

v Image/Stacks/Delete Slice

(deletes current slice or frame)

Celete current  |slice -

OK | Cancel|

|'\

Create Image With:

[ Slices (6)
I+ Frames (10)

1x1x10 (5MB)
v Keep Source

OK | Cancel|

%! Duplicate |

v Image/Duplicate

Title: |zt_series-2

(Keep the bits you want)

[+ Duplicate hyperstack
Slices (z): |14

Frames (t; |2-8

oK Cancel




— Montage

Easily make a panel of figures from a stack - Z or t

File:

File Edit [0 Process Analyze Plugins Window Help Urchin stackRGB
oola e g AL AVAE TS =

*Rectangular,  Adjust v tclick to switch)
Show Info__. Cirl+l

Properties. .. Ctrl+3hift+P
Color » Columns:
Hyperstacks | Delete Slice
) Scale Factor:
Crop Ctrieshiftex | on See ] -
Duplicate... CirlShift+D Previous Slice [<] First Slice:
Rename. . SEI iR Last Slice:
Scale . Ctri+E | Images to Stack Incremeant
Transform ¥| Stack to Images .
Border Width:
Zoom dl  Make Montage...
Overlay »  Reslice [1]... Font Size:
Lookup Tables ' Orthogonal Views Ctri+Shift+H -
Z Project... ¥ Label Slices
Annotate .
_ 3D Project... [~ Use Foreground Color
slE > Plot z-axis Profile
Selection *| Label_ QK | Cancel |
Video Editing ' Tools 5




Digital contrast for stacks

Process/Enhance Contrast

Min/max set so no clipping or saturation

Enhance Contr... ﬂ

E——

This stretches to values to full 8 bit/16bit

Saturated pixels: |0 %

[ Normalize

Don’t do this

[ Equalize histogram

viProcess all 51 slices!

Yes, do for all slices

[~ Use stack histogram

If checked, it uses the min max
value of the stack for each image
If unchecked, it uses the min/max
value of the individual image plane

OK | Cancel| Help|




What is a pixel?

Digitization  Discretization  Quantization

Gray Value
= = )
= o S
3 3 3

o
S

o

o

100 200 300 400
Distance (pixels)

80 80
70 Analog Signal 70 32 Samples
60 60
250 $ 50
5 40 %40
£30 5 30
20 20
10 10
0 0
[ 8 16 24 32 0 8 16 24 32
Position Pixel Number
80 80
70 16 Samples 70 8 Samples
60 60
S 50 T 50 |
i B
> >
< 30 £ 30
o o
20 l I 20 ’ ’ ’
10 10
| | | |
0 bt 0 1 1] 1] '] 1] . 1]
[ 16 32 0 8 16 24 32
Plxel Number Pixel Number



What is a pixel?

A voxel o
How big in z is a voxel?

« Optical section thickness?
« Sampling?
e PSF size?

Some regions not Covered Covered and well
imaged sampled



What is a pixel?

Two alternative view of pixels/voxels

A Pixel Is Not A Little Square, A
Pixel Is Not A Little Square, A Pixel
Is Not A Little Square! (And a Voxel

is Not a Little Cube) (Smith, AR
1995)




Orthogonal slices

File:

Maizg_stack.tif

Process Analyze Plugins Window Help
[Slelj={RS gk

Adjust 8
Show Info.... Ctrl+l
Properties... Crl+Shift+P

Dev

oJsieun| 4| 4|8 ]

[~]

Polygon sele

Color 4
Hyperstacks r| Delete Slice
Crop Ctrisshiftex | NEXtSlice [7]
Duplicate.. Cirisshiftsp | rEVious Shice [<]
Rename... Set Slice...
Scale... Cirl+E Images to Stack
Transform »| Stack to Images
Zoom *|  Make Montage...
Overlay *| Reslice [/]...
Lookup Tables 3
Z Project...
Annotate ' ap Project. .
DEmE " Plot Z-axis Profile
Selection " Lapbel_
Video Editing *| Tools v
Radial Reslice
Dynamic Reslice
Series Labeler
Kalman Stack Filter
Time Stamper
Reslice Z
ViewsD 4

i Maize_stack.tif [=[=] =

By == =]

36I73; 256256 pixels; 8-hit, 4.6MB

73x256 pixels, 8-hit; 18




Basis of projection

Maximum Intensity Projection: The brightest pixel
value of all the z-planes for each XY pixel is selected
and a single plane image produced

Z1

MIP

72

Z3



J

File Edit

Projections in FlJI

==y Process Analyze Plugins Window Help

[Self=s

2

*Point* or mu Adjust

Show Info___ Ctri+l

Properties... Ctri+Shift+P

Hyperstacks

3

Color r

-

APV

Ctri+Shift+X
Ctri+Shift+D

Crop
Duplicate. ..
Rename...
Scale... Ctri+E
Transform

Zoom

Overlay

-

-

-

Lookup Tables

Annotate
Drawing

Selection

LT -

- - -

Add Slice

Delete Slice

Mext Slice [>]
Previous Slice [<]
Set Slice...

Images to Stack

Stack to Images

Make Montage...

Reslice [/]...

Orthogonal Views Ctri+Shift+H
3D Project. ..

Plot Z-axis Profile

Label .

Tools 4

Other options for
factors to project
over the z range
for each pixel

1

Start slice: |1
Stop slice: |12

Projection Type

Max Intensity

Average Intensity
Max Intensity

Min Intensity
Sum Slices
Standard Deviation
Median

Files:

Urchin stackRGB
Maize stack
NeuronStackSparse
Yeast DIC stack.tif

Try the different types of projections, see what works well for each dataset

Look at the histogram of the projections



Maximum Mean

- ..
- ..

Maximum

Minimum

Average

Brightfield
etc




Using a projection series
J to appreciate the 3Dness

File Edit flyElklsl Process Analyze Pluging Window Help Flle:
Bo/x e | @ oes|stefun| 0 [ 4 [&] || ]
rotosl | Aquet , Urchin stackRGB
S Show Info.. G+l T —
Properties... Ctri+Shift+P
Color »
Hyperstacks v | Delete Slice
Crop Ctrisshiftey | ext Slice [] Projection method: |ERRIEENEALE ~
Duplicate... Ctrisshiftsp | [ revious Shice [<] Axis of rotation:  [Y-Axis | Less than 360°
Set Slice. .
Rename. . .
i ing (pixels). [1 might be enough
Scale. Cir+E | Images to Stack Slice spacing (pixels) g g
Transform v Stack fo Images Initial angle (0-359 degrees): I':J
Zoom | Make Montage... Total rotation (0-359 degrees):
Qverl + Resli
vertay esiice ] Rotation angle increment: I‘IU
Orthogonal Views Ctrl+Shift+H
Lookup Tables » : I
7 Project Lower transparency bound: |1
saolaic gl 2D Project.. Upper transparency bound:
Drawing 3 ;
. , Plot Z-axis Profile DDECItl.f (0_1 UU%}
e Lapel- Surface depth-cueing (0-100%
: i urface depth-cueing (0- E
Video Editing " Tools 5 = g( )

n
(=]

Interior depth-cueing (0-100%):
Radial Reslice

Dynamic Reslice
Y _ ¥ Interpolate
Series Labeler

Kalman Stack Filter

I[J

I—
I—

| Cancell Helpl

Time Stamper

Reslice Z

ViewsD > What does this do?




- y A more interactive 3D viewer

File:
Urchin_stackRGB

File Edit Image Process Analyze [z L= Window Help

E D,|E|U|.w{ .d_|-¢-, N | A| G, Macros
Shortcuts
Utilities

Abort Macro or Plugin (or press Esc key)

Mew 3

Compile and Run_..

Install Plugln...
3D Viewer Image |Urchin_stackRGBi v |
Mame IUrchin_stackRC

Analyze *

Dispiay s [T - |
Examples 3 color [Nane =]
Feature Extraction r Threshoid [0
Imagesl 3 Resampling factor |2
Integral Image Filters ~ » Channels
LOCI 3 ¥ red | green ¥ blue

Start at time point IU
oK | Cancell




Other software for 3D

Imaris offers more powerful features of visualization and analysis in 3D
Efficient GPU rendering
Interactive
SS Not free SS (but no charge to use)
We have two workstations in LMCF with Imaris

. BITPLANE

. U BITPLANE I- * " BITPLANE







3D PDFs

Embedding and Publishing Interactive, 3-Dimensional,
Scientific Figures in Portable Document Format (PDF) Files

3D pfs.pdf - A —

File Edit View Window Help *
@@Ejé‘@\"i‘/%|&@|§|ﬁ= Commentgshare
@ -
&

*. 2 Views 'ﬁ"‘g' -0



http://www.plosone.org/article/info:doi/10.1371/journal.pone.0069446

- Kymograph
J

File:
Line profiles over time Kymographstack.tif

Output spacing (pixels):  |[LEUA

Slice count: |'1

[ Flip vertically
¥ Rotate 90 degrees
[~ Avoid interpolation

(use 1 pixel spacing)

Voxel size: 1x1x1 pixel

Output size: =1MB (57 13MB free)

Ok | Cancell Helpl

Image/Stack/Reslice PC keyboard shortcut: /



- » Stack color-coding (z or t)
=

Files:
NeuronStackSparse
Kymographstack. tif

[mifelf=] LS AVAR)

Polygon selec  agjust

- T
Color Code Settings | x|

Show Info... Ctri+

Properties... Ctri+Shift+P LT
Sole) ¢ start frame I‘I
Stacks 4 end frame IEU
MNew H rstack...
M s I¥ Create Time Color Scale Bar
c Cirl+ShiftsX Stack to Hyperstack...
rop r+3hift+.
_ _ Hyperstack to Stack [ed =]
Duplicate... Ctr+Shift+D
Reduce Dimensionality...
Rename...
Scale... Ctri+E Re-order Hyperstack ...
Transform Temporal-Color Code
Zoom
Overlay 4

What colour are things that don’t vary or move?



Movies: XYT

Formats such as quicktime (.mov) or avi are generally
compressed and for display only

5GB powerpoint files aren’t too useful - as well as
compression you might need to crop, resize or lose frames
as well as compress

It is useful to think in terms of frames and frame-rates . . . .

- 6000 frames = 200 seconds @30 fps
- 600 frames = 20 seconds @30 fps
- 6 frames = 200 mseconds @30 fps



Compression

NETELIX



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

Video compression

Codecs - lots available, nearly always lossy

' ' 1 1 ' ' Ou[
In Smart MPEG Compliant Bitstream o Dumb
Encoder Decoder

Encoder is algorithmic Decoder is determenistic,
i.e it does different things i.e it always does what the
according to nature of input bitstream tells it to do

Complex to Make Simple to Make

_ MPEG display order
motion vectot r ol

I BB BP B BB P

[-frame




Advanced
assembly




Stitching - joining images together

o
1 image-2.tif (16.7%)
2560x1920 pixels, RGB, 19MB |

sz

19083490 pixels, RGB, 65MEB

{3 image-3.tif (16.7%)
75601920 pixels, RG
STAREE

e

Various methods -
Place images adjacently in a known order

Overlap and blend - coordinates or from image appearance (or a bit of both)
2D or 3D (ie align stacks of images)

http://fiji.sc/wiki/index.php/Image Stitching



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

- One of the stitching methods

- image directory |C\Users\Sam\Desktop\]mages\stacks_for_st\ching
File Edit Image Process Analyze BEUGLES Window Help

’E[ (@] Q‘Cﬂ|/_ AH: LS ‘ A‘ O\| Macros output file name ITiIeConﬁguration.bcl
“More Tools” menu (switch toolsets or add tools i:;::::ls rgb order l@

New L4 channels for registration lm

Compile and Run__

Inslaﬁ... T fusion method ILinear Blending - I

Install Plugin... fusion alpha W

3D Viewer regression threshold |0.30

Analyze ' max/avg displacement threshold |2.50

Examples 4

Feature Extraction » absolute displacement threshold |3.50

ImagesD 4

Integral Image Filters 4

Locl 4 This Plugin is developed by Stephan Preibisch

Landmarks 3 hitp:ifly. mpi-chg.de/~preibischicontact. html

Optic Flow 4

Process 4

Registration 4

SPIM Registration 4

Scripting 4

Segmentation 4

Skeleton L4

Stacks. 4

Stitching 4 MosaicJ

Tracking »|  Pairwise stitching

Transform »|  Grid/Collection stitching

Utilities 4 deprecated 2D Stitching
Volume Viewer 3D Stitching

Stitch Grid of Images
Stitch Sequence of Grids of Images
Stitch Collection of Images

Stitch Directory with Images (unknown configuration)

Stitch Multiple Series or Tile Scan File




- Stitch these

Files: 2D = /for stitching
3D = /stacks for stitching

File Edit Image Process Analyze BEUGLES Window Help

B ola|ofal N Ala] vacos

13
3
“More Tools™ menu (switch toolsels or add tools] Shortcuts
3
»

Utilities

New
Compile and Run__
Install... Cri+Shift+M
Install Plugin...

3D Viewer
Analyze

Examples
Feature Extraction

* Crop the final image to a rectangle

* Make an overlay of the 3D
(image/stacks/tools/deinterleave)

* Project them?

* |nspect - can you see the joins?

ImagesD
Integral Image Filters
LOCI

Landmarks

Registration

SPIM Registration
Scripting
Segmentation

o]
=
o
=
vy ¥y v v vy vy w vy v oww vy owow

Skeleton
Stacks
Tracking »|  Pairwise stitching
Transform »|  Grid/Collection stitching

Utilities ld| deprecated & 2D Stitching
Volume Viewer I 3D Stitching

Stitch Grid of Images
Stitch Sequence of Grids of Images

Stitch Collection of Images

Stitch Directory with Images (unknown configuration)

Stitch Multiple Series or Tile Scan File




Flat-field or shading correction

Corrects for non-uniform illumination or field-curvature

' before correction.tif (25%)
2560x1920 pixels; 8-bit, 4.7MB

11 Plot of before corre
160
3140 g 08
g 5
3 3
5 ©o7
120
0 500 1000 1500 1000
Distance (pixels) Distance (pixels)




:_i y The correction calculation

File: Correction_needed.tif
Correction basis.tif

File Edit Image [EjeE==c0 Analyze Plugins Window Help

smooth csninss || 8|4 || >
Sharpen

Find Edges
Find Maxima. ..

*Owal*, elliptical or brush

Enhance Contrast...
Noise

Shadows

Binary

Math

FFT

Filters

v v v v v w

Batch L4

Image Calculator...

Subtract Background.

Repeat Command Ctri+Shift+R

A monochrome transmitted image
suffering from non-uniformity

An averaged, sample-less image by
which it can be divided

Image Calculato

lyy=Ts Wl | Correction_needed tif A

Operation: |Di'u'1de |

Image2: |Dnrreminn_basis.tif ;I

¥ Create new window
v 32-bit (float) result

OK | Dancell Helpl




Alignment plugin

File: Shifting timelapse.tif

Plugins/Registration/StackReg

Original Aligned



Image
processing &
Making figures




Printing

Need more pixels per area (dpi) for a nice printout
than a nice image on a computer screen

Pixels Inks



Accurate conversion to print format

RGB is the origin, the print out should look like the screen image (not
that they are any immutable constant)

WIDE RGB GAMUT
STANDARD RGB GAMUT

CMYK color gamut is
smaller than RGB’s

e Paper dependent
e Printer dependent (and we don’t have one like the printing press)
e Trial and error

e Photoshop has a CMYK mode to mimic a CMYK version to help with
adjustments - eg it warns when out of gamut



Journal formats

(They may ask for a hardcopy to give them something to
check their CMYK conversion against, but RGB is becoming

the default)

Journals may actually require you to do something you
shouldn’t really be doing! (eg ask for a page-sized image
@600 dpi).



Beware of interpolation = adding pixels

0 Scale ;]—Eh
X Scale: |2

¥ Scale

Width (pixels)

Height (pixels):

—

Interpolation ’m 700*700

v Average when downsizing 5 1 2*51 2
- A_lmageforscaling

oK Cancel

In Photoshop . . .

-

Image Size
Pixel Dimensions: 768.0K
Width: | 512 pixels ¢ :lﬁ Cancel

Height: | 512 pixels ¥ Auto

Document Size:

Width: | 7.111 inches v :|
]
Height: | 7.111 inches et
Resolution: | 72 pixels/inch |+
[]scale styles

Constrain Proportions
Resample Image: | Bicubic v




- o Interpolated view in FlJI
J

File B=:i8l Image Process |/

Undo Cirl-7Z
Cut Cirl+x
Copy Ctri+C
Copy to System

Paste Cirl+\

Paste Control. ..

Clear

Clear Outside

Fill Ctri+F
Draw Ctri+D
Invert Ctrl+Shift+l

Selection 2

Line Width...
Input/Output._.
Fonts...

Profile Plot Options...
Rounded Rect Tool...
Arrow Tool...

Point Tool. ..

Wand Tool...
Colors...
Conversions. ..
Memory & Threads. ..
Proxy Settings. ..
Compiler...

DICOM. ..

Misc...

Configure Fiji Updater

Beware a false
certainty

[ interpolate zoomed images!
[T Openimages at 100%

[~ Black canvas

[~ Mo image border
[” Use inverting lookup table

v Antialiased tool icons

Menu font size: |14 points

QK | Cancell Helpl

Does the object really look like little squares?



Beware of interpolation = adding pixels

Close-up: Original Pixels added

Where did this extra information come
from? Is it valid?

Ok to crop and change canvas size, both will
change pixel dimensions but not the raw data



What to say about your images

Type of system/microscope (eg Zeiss 510 confocal
mounted on an Axio Observer microscope stand)

Objective you used (eg 63x 1.4 NA oil Plan-
Apochromat)

Wavelengths of excitation and emission (eg 488 nm line
of Argon laser with a longpass 500nm filter)

Camera (eg Coolsnap ES2 from Photometrics)

Software for acquisition (eg MetaMorph 7.5) and
general typical settings (eg ND, exposure time, binning,
interval in t and z)

Conditions - (eg temp, CO2 buffering)

Details of any image processing or analysis procedures -
raw images may be required also.



- Scale bar

Analyze/Tools/Scalebar

Analyze Particles. ..

Image/Properties . . .

Summarize
File Edit Image Process FEUENEER  ciibution
B_Imageforscaling-1.tif E Q| = | < | “% ‘i| =N | A| & Label

Text tool Clear Results

Set Measurements. ..

Channels (c): |‘1

Siices @ |" Analyze/Set Scale . . . et sl

r - alibrate.
Frames @ ] i3 Set Scale =5 Histogram Ctri+H
Mote: c*z*t must equal 1 Plot Profile Cirl+k

Distance in pixels: |1.3‘13 Surface Plot._.
. m
Unit of Length: Known distance |1.UU Gels »

1.0
) Fractal Box Count. ..
Pixel Height: |0.1500000 : . 3D Objects Counter
Unit of length Imlcron Analyze Line Graph

3D OC Options
Yoxel Depth: IU.1EUUUUU B
g Click to Remaove Scale | Colocalization ,| Curve Fitfing...

Pixel Width IU.1EUUUUU Pixel aspect ratio: I _ Save XY Coordinates...

IU sec l [ Global Color Histogram ROI Manager...
Color Inspector 3D
Scale: 1.818 pixels/micron ibrati
IU,U P Directionality Calibration Bar. .

[~ Global 0K | Cancell Helpl

Ok | Cancel

Frame Intarval

Origin (pixels)




Image processing ok/not-ok’s




Image processing ethics

Not too much should need doing or be done

Digital contrast to best convey reality

What is done, should be done to the whole
image

Understand what you’re doing

http://www.nature.com/authors/policies/image.html JCB: What's in a picture? The temptation of image manipulation



http://jcb.rupress.org/cgi/content/full/166/1/11
http://www.nature.com/authors/policies/image.html

Image processing ok/not-ok’s

Scaling comparability between dataset

(ie if you are showing a similarity or difference in intensity,
same acquisition, scaling etc. Not for unrelated subsets)

Manipulation
Manipulated revealed
image B by contrast

adjustment |




- ‘i ; Hot pixel correction

o Few pixels of spurious intensity File:
« Process/Noise/Remove outliers HotPixels

=] = )

~ 7 ™ i — - -
.-,._1 HotPixels.tif | (T | el 1 HotPixels.tif
e k— 5 200x370 pixels; 16-bit; 145K
200x370 pixels; 16-hit; 145K

11 Remove Outliers......

Radius |1 pixels
Threshold (1000

Which outliers |Bright «

v {Preview.

oK | cancel| Help

Best done with pixels smaller than the PSF



Filters

Files:
File Edit Image FEjsld=:=s i i
ooz : Ctrl+Shift+S ] Sh?rpen
nolse
Find Eges —
Find Maxima...
Enhance Contrast
Moise »
Shadows »
Binary »
Math R
FFT >
Convolve.. v Blur
Baich ,| Gaussian Blur...

Image Calculator... Median...

Subtract Background._. Mean... \/ Med i a n

Repeat Command Ctrisshiftsr | MIMUM...

Maximum...

Calculator Plus Unsharp Mask_..

Morphology ¥ variance ‘/ Sharpen

Multiple Image Processor
Enhance Local Contrast (CLARE)

Show Circular Masks. ..

Differentials
Linear Kuwahara




Their effect on noise and structure

Original Blur filter Median filter Shapen filter




Their effect on noise and structure

Original Blur

Median Sharpen

e Blur and median help noise but degrade structures
« Sharpen helps structures, makes noise worse



What is a filter and how do they work?

Blur filter

81 68 100 110 128
6s 72 95 /118, 119
60 73 /100,120,130
68/77/103/1197124
y - & ¥

Uy !

12 /9% 118/
/73/'-00/120/
/77/103/115/
Y

Median filter

100 110
ss/rz/ss/u/m
60 73 /100,120,130
68/77/103/1157124

66 114 114

oo
&‘t‘&‘

72737795100103 115118 120

/

125

Sharpen filter

7T T
AT T

R
Vo %
vt
81 68 100 110
6s 72 95 118,/ 119
60 73 /100,120,130
68/77/103/1157124
T

o

12 -95 18,
<13 /900 <120,
/.77A/vo:%ns/

/
L

The kernel is used to compute a new value for every pixel in the original
image based on the value of its neighbours

125



Filtering beyond one image: z and t

File Edit Image
ojlalofZ smar
Sharpen
Find Edges
Find Maxima...

Stacks Menu

Enhance Contrast...

Noise
Shadows
Binary
Math
FFT

Batch

Image Calculator. ..
Subtract Background...
Repeat Command

Calculator Plus

Morphology

Image Expression Parser
Enhance Local Contrast (CLAHE)

Multiple Image Processor

== Analyze  Plugins  Window  Help

/v

ctissnitss || £ |4 || 4> |

N Gaussian
Median. ..
Mean_..
Minimum....
Cirl+Shift+R i
Maximum. ..
Unsharp Mask. ..

Variance

Gaussian Blur 3D
Median 3D...
Mean 3D...

Minimum 3D
Maximum 3D_.
Variance 3D...

Show Circular Masks...

Differentials

Linear Kuwahara

Kalman filters = over time
Image/Stacks/Kalman Stack filter

Try some of these, open
say Maize_stack.tif,

\ duplicate, add some noise,
fix and compare

Gaussian | Salt&Pepper

Analyze/tools/Synchronize windows
To compare before and after stacks



File:
Sharpen

Process/Shadows/East or define your own at

Process/Filters/Convolve . . .

Look at the histograms of before and after



1D example

-1 0 1 -1 0 1

-2 1 2 —2 0

et

-2

-1 0 1 -1 0 1

2 222 46810 10 10 8 6 4 2 2 2 2

N




- Edge enhancing filters
J

1 2 1 1 0-1  [pile:
o 00 2 0=z Yeast DIC stack

-1 -2 -1 1 0 -1 (Maybe just the mid plane)
Vertical Horizontal
derivative derivative

Sobel = \H? + V2

Process/Find Edges

How does it cope with the bright and dark edges?



Deconvolution

A mathematical post-acquisition processing of images to reduce
the blur from out of focus light. This can increase the sighal to
noise ratio and resolution of the image.




Convolution

Object Image
3 small, perfectly of 3 small, perfectly
spherical green things spherical green things




The Point-Spread Function and image

X7

formation

L
w
o

i ————

———— -

)
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©
E

The image is the sum of all blurred point images



Object

Convolution

®  PSF

Image

XY

XZ



The aim of De-Convolution

Knowledge of Underlying
Image(s) imaging psf object




Two types of deconvolution

. Deblurring/nearest neighbor/2D deconvolution
Estimates the blur from other focal planes and removes it

Sharpens the image but is hon-quantitative
Very fast, real time

—

XZ
Blur the image from here

«— and remove it from the
images above and below




Two types of deconvolution

2. Restoration/3D deconvolution
Iterative reassignment of photons based on modeled

O
convolution
o Works in 3D (ie considers all the data together)
o More computational intensive, takes a few seconds to minutes
o Conservative and quantitative
o Better able to cope with low SNRs

Move this photon
from the blur
to the object




Deblurring v restoration

Nearest Neighbor Original Data Restored

Gooo
5000

4000 -

Intensity

3000

2000 -

1000 -

Position along the line

A Workingperson’s Guide to Deconvolution in Light Microscopy



http://www.google.com/search?hl=en&q=A+Workingperson%E2%80%99s+Guide+to+Deconvolution+in+Light+Microscopy&btnG=Google+Search

The computational process

N

Estimated st | Predicted
Object convolve Image

Constraints

Compare to
original image

Photon
reassignment

n iterations

Stopping criteria:
If the same, the
object perfectly
accounts for the
image




Deconvolution software

Various software implement these algorithms with a
few tweaks of their own

| don’t know of any powerful open source software so it
probably costs money

We have:
Huygens - Predicted or measured PSF
SoftWorx - Measured PSF

Need a powerful computer and it takes a while



What actually improves during deconvolution?

e Photon reassignment: Blur Structure

. Noise . . . 50 higher SNR



Which modalities does it work with?

Widefield SO
PSF calculated for
60x/1.4 NA
objective

Green fluor

_=2um




Limited in widefield for thick samples

Y

Too many
PSFs to draw

/

Image: o @

Sharp image +dimmer blur Overwhelmed by blur



Summary: What deconvolution is/ is not

Post-processing that works for all (3D) imaging modalities
Fairly computational intensive to calculate properly

It needs good images - Does NOT allow you to take awful
images and magically transform them!

Good for live cell imaging: gentle but slightly noisy images +
deconvolution = good images with less phototoxicity

It doesn’t replace confocal. Anything >30 um and the blur
becomes too much for processing and you need a spatial
filter.



