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Objectives for this tutorial

Learn how to automate the routine and repetitive tasks you do In Fiji!

How? By...

v Learning what Fiji macros are
v Learning the basics of the Fiji macro language

v Learning how to write Fiji macros through examples



What is Fiji?

Fiji: Fiji is just ImagedJ Imaged (1997):

Il.ll ==y |
nature methods Fiji (2007):
Explore content v  About the journal v  Publish with us v

nature > nature methods > perspectives > article ‘Batteries_inCIUded, VerSiOn Of Imag eJ,
Perspective Published: 28 June 2012 inCIUding plugins and prOg ramming

Fiji: an open-source platform for biological-image
analysis

Image analysis program tailored to
biologists, developed by the NIH

Johannes Schindelin, Ignacio Arganda-Carreras, Erwin Frise, Verena Kaynig, Mark Longair, Tobias

Pietzsch, Stephan Preibisch, Curtis Rueden, Stephan Saalfeld, Benjamin Schmid, Jean-Yves Tinevez,

Daniel James White, Volker Hartenstein, Kevin Eliceiri, Pavel Tomancak & & Albert Cardona ™

Nature Methods 9, 676-682 (2012) | Cite this article

191k Accesses [BEE R 160 Atmetre | vetics <€4— Ubiquitous across biology fields!




Challenge: Fiji can involve laborious ‘point and click’...

...oolution: Use Fiji ‘macros’ for automation!




WhatisaF

J

| MacCro
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acro: “macro instruction”, i.e. a script of commands that compiles in real time

Jl Macro: a simple program that automates a series of Fiji commands

seful official tutorials:

Overview: https://imagej.net/
scripting/macro

In-Depth: https://imagej.net/ij/
developer/macro/macros.html

File Explorer

+ | — | File filter...
Vishank

Outline

generate_surface_overlays_with_resizing.ijm

; generate_surface_overlays_with_resizing.ijm

coO~NOUTAE WN =

//macro to load, resize, and resave 3D images in Fiji
//VJS, 2025/07/05, UPDATED 12/02/2025

ROOT_PATH = "/Volumes/Vishank 5TB/Vishank Confocal Data/Timelapse Imaging/202601271440_actb2memNGXEKWT_dxy_@pt2lum_dz_@pt5um_dt_1@0min_start_50hpf/Individual_Timepoints_Cropped"; //PATH TO WHERE THE DATASET IS
LOAD_FOLDER = ""; // ASSUME THAT THE LOAD FOLDER IS WHERE THE ORIGINAL STACKS' TIMEPOINTS ARE
DETECTION_FOLDER = "Surface_Detection"; // ASSUME THAT THE DETECTION FOLDER IS WHERE THE DETECTIONS ARE SAVED

//Whether to compute the overlays on the buds (1) or on lumens (90)
COMPUTE_FOR_BUDS = 1;

//STRINGS DENOTE MATCHING TO THE FILE NAMES
//PREFIXES DENOTE THOSE USED FOR THE SURFACE FILES (ASSUMES THE REST OF THE FILE NAME WILL BE THE SAME AS THE ORIGINAL!)
if (COMPUTE_FOR_BUDS == 1){

FILE_MATCH_STRING_SURFACE= ".xdetected_bud_surface.x"; //FOR BUDS

PREFIX_SURFACE = "detected_bud_surface_localcontrast_dilateIter_1_"; //FOR BUDS

}
else{
FILE_MATCH_STRING_SURFACE= ".xdetected_lumen_surface.x"; //FOR LUMENS
PREFIX_SURFACE = "detected_lumen_surface_localcontrast_dilateIter_1_"; //FOR LUMENS
}

//%x*x CHANGE THIS FOR EACH SEPARATE DATASET xxx

//DIMENSIONS TO RESIZE THE ORIGINAL DATA STACK TO FOR ISOTROPIC RESOLUTION
dim_horz = 906;

dim_vert = 684;

dim_depth = 723;

//Whether to use all files in the list, or to specify indices manually
USE_ALL_INDS = @; //1 means use all files, @ means manually specify below

//THIS ONLY GETS USED IF THE ABOVE FLAG IS 0!!! ASSUME BASED ON THE ARRAY OF MATCHING FILE INDICES/NAMES, IN ORDER.
///%xxx%x USE THIS IT WANT A LOOP xxxxx////

//minimum index (REMEMBER THAT WILL BE TMPT — 1 FOR THIS)
ind_MIN = 0;

//maximum index (REMEMBER THAT WILL BE TMPT - 1 FOR THIS)
ind_MAX = 123;

// Define the array size
arraySize = ind_MAX - ind_MIN;

// Create a new array
MANUAL_IND_ARY = newArray(arraySize);

// Populate the array with values from 4 to 10
for (i = ind_MIN; i <= ind_MAX; i++) {
MANUAL_IND_ARY [i-ind_MIN] = i;
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https://imagej.net/scripting/macro
https://imagej.net/scripting/macro
https://imagej.net/scripting/macro
https://imagej.net/ij/developer/macro/macros.html
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Example uses of Fiji macros

(!

Loading and saving images

E.g. changing image formatting

Performing operations on images

E.g. masking images

Running plugins ‘hands-free’

E.g. de-drifting images



How to create a new macro?

F ij i > PI u g I n S > N eW > M aC ro @ Fiji File Edit Image Process Analyze Plugins Window Help
Macros
Shortcuts
Utilities

or S S
Compile and Run... Macro Tool
Install... SCEM JavaScript
Install Plugin... )

N f Plugin
S h I t + n 3D Viewer Plugin Filter

Analyze Plugin Frame
BIJ Plugin Tool
BIOP
BigDataViewer

Text Window...

ﬁﬁﬁﬁﬁ

Important: KEEP SAVING YOUR

CODE AS YOU WRITE IT — FIJI
WILL NOT DO THIS FOR YOuU!!!

Active language: None
Active language: ImageJ Macro




How to learn the Fiji macro language (.ijjm)?

In any programming language, if you know how to perform...
1) Assignment of variables (=)
2) Conditional statements (if/else)
3) Loops (for/while)

...then you can create any computable function! (Bohm & Jacopini Theorem, 1964)

(My addendum: ...but only if you comment your code welll N_" )



Basics of the Fiji macro language: assignments & comments

Assignment of variables (=):
Use “=" sign, e.g. “ x=5; ” or “ PATH_TO_DATA = “/Users/Vishank/Data”; ”

Use semicolons after every assignment, if “;” is missing will give an error!

Comments:
Use “//” for in-line comments, “/* */” for multi-line comments

Use “ctrl + /” or “cmd + /” for toggling comments on a selection of code




Basics of the Fiji macro language: conditionals

Conditional statements (if/else):

If statement If + else statement If + else if + else statement

if (condition) { if (condition) { if (condition) {
statements; statements; statements;

| } else { } else if (condition) {
statements; statements;

! } else {
statements;
}

Example conditions: (n > 5), (filename == “t.tif”), (iIsOpen(imQ))



Basics of the Fiji macro language: loops

Loops (for/while):

for loop while loop
for (initialization; condition; increment) { while (condition) {
statements; statements;
} }

Example syntax: for (i=0; 1 < 10; i++) while (! isDone)



Basics of the Fiji macro language: input and output

Inputs:

Use the “open()” command for loading images

Always remember to correctly write the path to your data before starting!
Choosing among windows:

Use the “selectWindow()” command for choosing among open windows
Outputs:

Use the “saveAs()” command for saving (use “File.makeDirectory()” if needed)

Use the “close()” command for closing redundant windows

Printed info will display to the log, execution info will display to the console



Basics of the Fijl macro language: debugging

The language and interface iIs : use Python/Matlab for heavy scripts.

Tips:

Fr
O @® Macro Error

Undefined variable in line 17

- When debugs occur, this window will pop up:

v | Show "Debug"” Window

OK

- C h eC kl N g ‘ S h ow “ D e b U g ” W| N d oW 3 y| e | d g Ax ; /mnt/datal /susie/h2afva-gfp/202401161915 Timedviews_2p0mum_1pOmsexposure_LpOmW_2..
debug window with the current variables e

Error: Undefined variable in line 17:

- Double check CAREFULLY before running a
script. (FYI: you can “kill” a script midway:.)




Basics of the Fiji macro language: the “run” command

ANY command in the Fiji menus can be executed by using the “run()” command!!!

run(command, options)

Example syntax: run(“Z project...”, “start=10 stop=40 projection=[Max Intensity]”;

run(“Reslice [/]...”7, “output=1.000 start=Top”);



Crazy example of the power of “run()” !!!

run("Fuse/Deconvolve Dataset”, "select_xml=/mnt/data/embryo/Vishank/Atlas/klar_H2A-RFP/
202206071430_2p0OmW/Time2views_30sec_2p0mum_0OpSmsexposure_full/Repacked_Reversed/
dataset_tmpt0to200.xml process_angle=[All angles] process_channel=[All channels]
process_illumination=[All illuminations] process_timepoint=[Single Timepoint (Select from List)]
processing_timepoint=[Timepoint 101] type_of_image_fusion=[Multi-view deconvolution]
bounding_box=[Define manually] fused_image=[Save as TIFF stack] minimal_x=69 minimal_y=-23
minimal_z=168 maximal_x=930 maximal_y=2077 maximal_z=926 imglib2_container=[Celllmg (large
images)] imglib2_container_ffts=Arraylmg type_of_iteration=[Efficient Bayesian - Optimization | (fast,
precise)] image_weights=[Virtual weights (less memory, slower)] osem_acceleration=[1 (balanced)]
number_of_iterations=10 use_tikhonov_regularization tikhonov_parameter=0.0060 compute=[specify
maximal blocksize manually] compute_on=[GPU (Nvidia CUDA via JNA)] psf_estimation=[Extract from
beads] psf_display=[Do not show PSFs| output_file_directory=/mnt/data/embryo/Vishank/Atlas/klar_H2A-
RFP/202206071430_2p0mW/Time2views_30sec_2p0mum_0p5Smsexposure_full/Repacked_Reversed/
blocksize_x=1088 blocksize_y=1088 blocksize_z=1088 cuda_directory=/opt/Fiji.app/lib/linuxc4
select_native_library_for_cudafourierconvolution=IlibConvolution3D_fftCUDAIib.so gpu_1 gpu_2
detections_to_extract_psf_for_channel_O=beads psf_size x=19 psf_size_y=19 psf_size_z=25");



Basics of the Fiji macro language: the macro recorder

Your best friend!

Fiji > Plugins > Macros > Record $ B rie it mee Poces anave (R

Shortcuts

Utilities

New

Compile and Run...
Install...

Install Plugin...

Set Drawing Color...

3D Viewer
Analyze
BIJ

About Startup Macros...
Save As JPEG... [j]

~ Save Inverted FITS

N

. . " ON | Recorder
A” the Operatlons yOU dO manua”y WI” Record:| Macro V| Name: Macro.ijm Run Help

be automatically listed in the recorder! | oen/usersvishanksvesktop/migeaz. jpg™;

selectImage("mfig002.jpg");
run("Reslice [/]...", "output=1.000 start=Top");
selectImage("mfig002.jpg");

You can then press “create” to use rkeRectangle(40, 242, 2, 12);
these as the backbone of your macro!




The canonical macro-making journey
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) Run the process manually .
on a data sample

g

)
\f ‘ Start the macro recorder
before you begin




Example macro: generating maximum intensity projections

Generate_Auto_ZProjections.ijm

1 //macro to allow rapid computation of max intensity Z-projections from root stacks
2 //doesn't reslice or further process before taking Z-projections
3
4 ROOT_PATH = "/mnt/datal/vishank/h2afva-gfp/202401161915/Timedviews_2p0@mum_1lp@msexposure_1lp@mwW_28p5C";
5 LOAD_FOLDER = "data"; //"Final_Deconvolved_Stacks";
6
7 //which times to iterate over
g TIME_MIN = 51;
o TIME_MAX = 67; //999;
10
11 //Total length of the time index including padded zeros
12 T_TOTAL_LENGTH = 3;
13
14 //slices of the stack which to take the max projection of
15 startSlice = 0;
16 endSlice = 1015;
17
18 //incorporates slice name into the save folder to account for the back half of the stack if choose to do so
19 SAVE_FOLDER = "data/Auto_mips_slices_" + startSlice + "to" + endSlice; //"Final_Deconvolved_Stacks";
20
'1 /2 21 //places gap in log between previous stuff and this
22 1] 11
23 "MACRO STARTING:"
24
25 //loop over the various time indices
26 for (t = TIME_MIN; t <= TIME_MAX; t++){
27
28 //1if (t == 32){
29 // continue;
30 //}
31
32 //want to pad the time with the right number of leading zeros
33
34 //length of the time index
35 t_idx_str = "" + t;
36 t_idx_length = t_idx_str.length();
37
38 //number of leading zeros to pad with (unnecessary because this method pads with leading zeros UP TO the fixed length!)
39 //num_leading_zeros_t = T_TOTAL_LENGTH - (t_idx_length - 1);
40 t_idx_padded = String.pad(t_idx_str, T_TOTAL_LENGTH);
41
42 //defines stack name to load, loads the stack, then selects it
43 //stack_name_t = "Time_" + t_idx_padded + " _embryo_isolated_stack.tif";



Example macro: generating maximum intensity projections

enerate_Auto_ZProjections.ijm
ray

45 stack_name_t = "TP" + t_idx_str + " _Cho_I110_Ang0,45,90,135,180,225,270,315.tif";
46
A7 open(ROOT_PATH + "/" + LOAD_FOLDER + "/" + stack_name_t);
48
49 selectWindow(stack_name_t);
50
51 //run Z-project operation with maximum intensity criterion, ON THE FIRST HALF OF THE STACK ONLY!
52 //run("Z Project...", "projection=[Max Intensity]"),
53 project_string = "start=" + startSlice + " stop=" + endSlice + " projection=[Max Intensityl";
54 run("Z Project...", project_string);
55
56 //closes the original loaded stack stack
57 selectWindow(stack_name_t);
58 close();
59
60 //name that gets spit out from the z-project
61 save_name_t = "MAX " + stack_name_t;
62
63 //closes the given generated Z-project stack
2/2 64 selectWindow(save_name_t);
65
66 //saves the modified stack to the save folder, using the same stack name as when loaded
67 saveDir = ROOT_PATH + "/" + SAVE_FOLDER;
68
69 //makes the dave path director if needed
70 File.makeDirectory(saveDir);
71
72 //full file path to save to
73 savePath = saveDir + "/" + save_name_t;
74
75 saveAs("Tiff", savePath);
76
77 //close all image windows
78 close("x");
79
80 //prints status to log
81 “"Stack '" + stack_name_t + "' masking, saving and closing completely done!"
82
83 }
84

85 //declares that program is finished to the log
ofe "MACR( \ HED ! "'



Challenge: Fiji macro operations can interrupt your desktop workflow...

...oo0lution: Use ‘headless mode’ of Fiji to run macros without a GUI!



Running Fiji in ‘headless mode’

In a terminal (Mac/Linux) or command prompt (Windows), use the command:

Jflji --headless -macro Name_Of Macro.ijm

1 1 1 1

Path to Flag to run Flag to run Name of the
Fiji app headless Fijl a Fijil macro macro to run

Example syntax: /Users/Vishank/Applications/Fiji --headless -macro /Users/Vishank/
Documents/Generate_Auto_ZProjections.ijm



Objectives for this tutorial

Learn how to automate the routine and repetitive tasks you do In Fiji!

How? By...

v Learning what Fiji macros are
v Learning the basics of the Fiji macro language

v Learning how to write Fiji macros through examples
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Thank you!

Questions?




