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Why BIP

▶ Originally developed as an internal tool in the team for integrating, interfacing
and sharing our developments in image processing and analysis

▶ Batch processing with easy, flexible specification and selection of images to be
processed, without having to modify a script or a macro

▶ By-pass some constraints and limitations frequently encountered with existing
tools (e.g., related to image structure, numerical types, computing time, etc.)

▶ Specifying and running possibly complex sequences of image processing operations
(pipelines) with a minimal, as-simple-as-possible syntax

▶ Need to deploy seamlessly on HPC servers



low-level APIs integrated GUIs



BIP user interface



Batch processing with BIP

Processing one image

shell$ bip median-filter ball 3 image.tif

Processing several images

shell$ bip median-filter ball 3 image1.tif image2.tif ... imageN.tif

Short-cut using shell wildcards

shell$ bip median-filter ball 3 image*.tif



Iteration and selection without iteration and selection
Assuming a standardized file nomenclature (e.g., ISO8601 for dates) is used:

▶ Processing all DAPI images. . .

shell$ bip median-filter ball 3 image*dapi*.tif

▶ . . . acquired between years 2015 and 2019. . .

shell$ bip median-filter ball 3 image-201[5-9]*dapi*.tif

▶ . . . either in October or November

shell$ bip median-filter ball 3 image-201[5-9]-1[01]*dapi*.tif



Image dimensions and numerical types

127 image types in total:
▶ 2 or 3-dimensional space
▶ mono- or multi-channels
▶ mono- or multi-timepoints
▶ scalar or vector values

Type Min Max IJ/Fiji
uint8 0 255 8 bits
int8 -128 127
uint16 0 65535 16 bits
int16 -32768 32767
uint32 0 4,294,967,295
int32 -2,147,483,648 2,147,483,647
float -3.4e+38 3.4e+38 32 bits
double -1.8e+304 1.8e+304

BIP operators transparently supports all image dimensions and numerical types



shell$ bip info *.tif



Some basic yet useful operators
Conversion between numerical types (safe mode)

shell$ bip convert uint16 *.tif

File compression (lossless LZW compression)

shell$ bip compress ../segmented/*.tif

Resampling 3D images into (quasi-)cubic voxels

shell$ bip isoscale linear ../acquired/*.tif



Image analysis in batch

shell$ bip region-analysis -p size,shape *.tif





Overview of BIP operators

Segmentation
- thresholding operators
- component labelling
- watersheds
- gradient operators

Filtering
- linear filters
- non-linear filters
- edge-preserving filters
- contrast enhancement
- Fourier transform, xcorr

Measurements
- geometrical analysis
- topological analysis
- intensity analysis
- distance maps
- parametric maps
- object contacts

Operations
- type conversions
- (de)compression
- channels & slices
- image arithmetics
- geom. transforms

Spatial statistics
- summary descriptors
- model sampling
- model testing
- several models

Mathematical
 morphology
- binary & grayscale
- morphological filters
- attribute (size) filters
- reconstruction ops.
- extrema filtering



Assembling operations into pipelines

Gaussian filtering Thresholding Object labelling

shell$ bip gaussian-filter 1.0 nuclei*.tif
shell$ bip otsu-thresholding nuclei*gaussian*.tif
shell$ bip labelling nuclei*otsu*.tif



Pipeline processing with BIP

Define the pipeline in a text file (e.g., process.bip)

gaussian-filter 1.0
otsu-thresholding
labelling

Run the pipeline

shell$ bip pipeline process.bip nuclei*.tif



... ... ...

store $image
select-fringe
store $fringe
recall $image
cell-distance $fringe
select max
threshold 1
store $center
recall $image
cell-distance $center

file.txt

bip pipeline file.txt *.tifInput Output
file     label distance
i001.tif 13    0
i001.tif 15    0
i001.tif 16    1
i001.tif 17    1
i001.tif 19    2
i001.tif 20    1
i001.tif 23    2
i001.tif 24    1
i001.tif 30    1
i001.tif 31    1
i001.tif 32    3
i001.tif 33    0
i001.tif 37    2
i001.tif 38    1
i001.tif 39    3
i001.tif 41    4
i001.tif 42    3... ... ...
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BIP pipelines in the fast lane

shell$ bip pipeline -e "gaussian-filter 1.0 | otsu | labelling" *.tif



Extraction and visualization of 3D meshes

shell$ bip export-shapes embryo.tif

Embryo image by JC Palauqui



Exporting meshes for 3D printing

shell$ bip export-shapes --stl embryo.tif

3D printing by B Dubreucq and C Gaertner



Benchmarking BIP
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Chemical screen (coll. R Kumar)
> 20,000 2D images

Active microscopy (coll. M Uyttewaal)

SAM time-lapses (coll. D Bouchez)
>60,000 cells, >100 3D images



https://andreylab.versailles.inrae.fr/html/bip.html



natively designed for batch processing

unified basic, pipeline and HPC uses

data and algorithms are completely separated

original niche in the bioimage informatics ecosystem



shell$ bip thank-you


