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Macros, Scripts and Plugins

* Macro o Script « Java Plugin

- automatize - general - general
ImageJ programming programming

- Interpreted by — Jvm or script - Java virtual
ImageJ Interpreter machine

- simple - complex - complex

- missing data - datastructures - datastructures
structures available available

- limited - better - good
reusability reusability reusability

- slow - slow - fast



The FIJI Macro Editor

* Plugins>New>Macro

@ O © *Macro.ijm (Running)

File Edit Language Templates Run Tools Tabs

f *Macro.ijm (Running)
1 print({"Hello World!"}; - |
2 lshowMessage ("Hello World!");

3 0Overlay.drawString("Hello World!", 128, 128, 0.0);
4 Overlay.show(); =

Run Kill Show Errors Clear
Started Macro.ijm at Thu Sep 04 11:46:56 CEST 2014




Recording Commands

@ O © *Macro.ijm (Running)

* You don't know how to use a command IN . et Language Templates Run Tools Tabs
a macro? - Just record it ! (*Macro.ijm |
1 runi"Smooth"); ||
° I I run("Find Edges"); 1=
Open sample image File>Open 2frun(*Find Sdge =
Samples>Clown Run ......... KIH .............................. ShGWErrﬂrS ......... CIear
* Plugins>Macros>Record... Started Macro ijn at Thu Sep 04 11:37:01 CEST 2014 [
* Run

- Process>Smooth
- Process>Find Edges
- Edit>Invert

Create the macro

Close the image

Open another sample image
Run the macro




Exercise 01.01-01.04




Basic Datatypes - Numbers

* floating point

e special values
- NaN, Infinity, -Infinity
e operations
- - (unary), +, -, *, /, %
 bitwise operations
-~ N & <<, >>
 build in functions
- parseFloat, sin, cos, sqrt, pow, exp, log, floor, round, ...



Decimal, Binary, Hexadecimal

1234,,=1-10°+2-10°+3-10"+4-10"
10011010010,=1-2""+1-2"+1-2°+1-2*+1-2'

4D2,,=4-16°+13-16'+2-16"




Floating Point

exponent fraction
sign (11 bit) (52 bit)
|l |

o
o
o 0

(—1)*"(1.b., by ... by ), x2° "%

0.3-0.2-0.1;
(0.3-0.2-0.1==0);
(0.3-0.2-0.1 <0.000000000001),



Exercise 02.01-02.03




e literals in quotes or double-
guotes

* \ is escape character
* \n newline
» operations

— concatenation (+)
* build in functions

- endsWith, indexOf, lastindexOf,
lengthOf, matches, replace,
split, substring, toLowerCase



Strings and regular expressions

e concatenation  split, matches and
_ "Hello" + " World!" - replace work with
regular expressions

_ lI2 + 2 —_ 1] + 2+2 ; g p

[] set [aA] either a or A

- range [0-9] any digit

: any character [0-9]. a digit followed by one character

* Zero or more K any string

? Zero or one [0-9] ? an optional digit

+ one or more [0-9]+ one or more digits

A negation [0-9] any character that is not a digit
&& and [0-9&&["3]] a digit that is not 3

| or [0-9]|[a-zA-Z] a digit or a lower or upper case letter
0 a group

replace ("AO1GFP_c001_t001_z001.t1f",
"_t([0-9][0-9][0-9])", "_t0$1");



Exercise 03.01-03.02




Booleans

« Comparison operations result "not",
In boolean (false); 1
- ==, <, > <= >= I= ('true); 0

Operations on booleans are

"and";

- not (), and (&&), or(ll) (false && false); 0
* example (false && true); O

- (x>0 && x<2048) (true && false); 0
« {and, or, not} functionally (true && true); 1

complete set of boolean

operations “or”

— XOr" (false || false);

(a && b) || (a && b)) (true || false):

0
(false || true); 1
1
(true || true); 1



Exercise 04.01




Variables

e Variable

has identifier and
value

must be defined by an
assignment

copied by value for
basic types, by
reference for arrays

has a scope

radius = 11.25;

— operations on
variables

o ++ - += -= *:, =



Exercise 05.01-05.03




* Indexed variable

ali]

e Array.concat

* Array.copy

can be created literally or  Array.fill

with a size

e Array.findMaxima

elements can have different

types

elements can only be of

basic types

e Array.findMinima
e Array.getStatistics
e Array.print

only one dimensional arrays  « Array.show,
a.length gives the number .

of elements in a

options = newArray (34, true, "Huang"

) ;
print ("threshold value:", options[0]) ;
print ("dark background:", options[1l]);
print ("threshold method:", options[2]) ;



Exercise 06.01-06.02




If...then...else

e conditional execution
of code

- depending on input or
State

1f (condition) {

list of statements 1
} else {

list of statements 2

}




Exercise 07.01-07.02




» repeatedly exexute a code
block

— a condition is evaluated for
each iteration and decides
when the loop finishes

» three flavours

- for

* number of iterations known
- while

« condition before each iteration
- do while

« condition after each iteration



for (<initialization>; <condition>; <increment>) {
<]list of statements>

false




Exercise 08.01-08.04




while (<condition>) {
<list of statements>

true

false




Exercise 09.01-09.02




do {
<list of statements>
} while (<condition>) ;




Exercise 10.01




user defined functions

function <name_of the function>(<list of args>) {
<list of statements>

}

function max (x,vy) {
1f (x>y) return x;
else return v;

r = max (19, 42);
print (r) ;



Variable scope and global variables

e functions

- have their own variable scope
— can communicate via global variables

a = "outer"; var a = "outer";

show () ; show () ;

print (a) ; print (a) ;

function show () { function show () {
a = "inner"; a = "inner";
print (a) ; print (a) ;

} }

inner inner

outer inner



e functions

Hh
55
1l
I
*
Fh
=)
g

- can call themselves
- can call each other mutually

)
N—"

— termination condition
needed

e useful for
- compact programs

* * P
— +h
o

- traversing recursive
structures (for example
trees)
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Exercise 11.01-11.04




Macros as plugins

e save macro with underscore In the
name in plugins folder

e run It from the menu or
e create shortcut via

- Plugins>Shortcuts>Create Shortcut...




Defining macros

* Macro sets

- multiple macros In
one file

— assign a shortcut for
each macro

macro "<name> [<short-cut>]" {
<list of commands>



» Background correction on a stack

» Batch Merge channels

e Batch Measure cells
» Separate touching objects
e Sort rois and measurements

e Show rois of selected measurements
(Link the results table to the image)




Background correction on a stack

 the user selects a background region

 the macro

— |terates over the series

e measures the mean intensity

« removes the region

 subtracts the value from the image
 restores the region

- useful commands

» nSlices - the number of slilces in the stack
 setSlice(i) - set the current slice

« getStatistics(area, mean);

» run("Select None");

* run("Restore Selection");

* run("Subtract...", "value=5 slice");

actine-stack.tif



Exercise 12




Merge channels
of all Images in a folder

dapi 3.tif dapi 4.tif
337.8kB 334.6 kB
337.8kB 3346 kB
rhod 3.tif rhod 4.tif

337.7kB 334.6 kB

3.tif 4.tif

1.0 MB 1.0 MB
1.0 MB 1.0 MB

dapi 5.tif
337.8kB
337.8kB

rhod &.Lif
337.7kB

5.tif

1.0 MB
1.0 MB




Exercise 13.01-13.05




Batch - measure cells

Label Area |Mean StdDev Mode [Min [Max
Ad dapi 1.tif 6101 126.281 25.558 116 72 222
Ad dapi 1.tif 7047 149474 31.401 157 72 239
Ad dapi 1.tif 5455 126.024 26.887 135 72 235
Ad dapi 1.tif 7524 145870 32919 150 72 246
Ad dapi 1.tif 5653 135360 23931 145 72 198
Ad dapi 1.tif 6178 132.127 25.064 132 72 211
Ad dapi 1.tif 4583 137211 31.462 130 72 224
Ad dapi 1.tif 7312 167.040 36.387 167 T2 255
Ad dapi 1.tif 6820 123.350 25957 126 72 210
0 nuclei.tif 4656 60.545 12.363 54 41 108




Exercise 14




Separate touching objects using
a watershed L




Exercise 15




Sort rois and measurements
by a column MRI

nuclei Lt 0000
nucleitf: 0001
nuclei tif: 0002
nuclei tif: 0003
nuclei bt 000
nuclei tif: 0005
nuclei bt 000E
nuclei tf: 0007
nuclei bt 000S
nuclei tif:00o0s

()]

co ka
ch
=~ o1 = 00

nuclei tf:

nuclei tf:

nuclei tif:o

nucleitif: |

nuclei tif: i

nuclei tif:

nuclej tif

nuclei tf:0008-0258

Auclei bdf:0010-029

W00

)
A
T
A
E

I L I

-. 1 ...LJ
o
M
o
o W
~]

L RUETRS

Ll
[ I ) B i Y R L I

o N e
0o

@ oW
iRt

0
=l o= o~

~
)
Il
oo
oo
n n

Woco
w0 0l
]
an

o o0
co

'_'l
=
I
Ly on




Exercise 16




Show rois of selected measurements R

1.4 CiIc1E
(s, (0 EI

rdclel tif; 001 0-0295 167,340
rdclel tif; 001 1-036%9 94,857
nUcleltif:0012-0347 G6.389

nuUClel tif: 001 3-0362




Exercise 17




The End

while (questions) {
ask () ;

}
print ("Thank you!") ;

false
exponent fraction O‘
sign (11 bit) (52 bit)
|l I
O O O
63 52 0
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