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Multi-Template Matching: a versatile tool for object-localization in microscopy images
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Motivation : High resolution imaging of sample with variable positions

Random positions
and
orientations

Slight position shift
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Using feedback microscopy for guided acquisition
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ROI detection algorithm : Expectations

Generic (little tweaking)

User-friendly (little parameters, simple to understand)

Diffuse fluorescent signal over specimen (not site-specific)

Variable morphology and/or fluorescence intensity
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Template Matching
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- Simple (pixel-intensity comparison)
BUT

- Limited flexibility (rotation...)

[.thomas@acquifer.de Image courtesy: Jakob Gierten — COS Heidelberg
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Improved detection rate by supporting multiple detection patterns (templates)

Available for :
Fiji (dedicated update site)
Python (via pip)
KNIME (using python)

Article in BMC YouTube Source codes
Bioinformatics tutorials and documentations

|.thomas@acquifer.de
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Spheroid (single template flipped and rotated)

Multi-Template Matching results

Zebrafish head (single template)

Medaka larvae (single template flipped and rotated)

v Simple (normalised pixel-pixel comparison)
v Robust to change of illumination, to mild morphology changes
v Easy toinstall and (re)-use

Limited tolerance to variability (more templates = longer computation)

- Ny N il "-..\-__;‘-_._,',-‘" hN L N
Image courtesy Jakob Gierten N =10 images x 4 eggs
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2-step template matching for more robust detection
Example : Eye and lens segmentation in Zebrafish larvae
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A bit of theory: the correlation map
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A bit of theory: maxima detection

Probable object-location
-> maxima of the correlation map

- Problem -> Multiple hits per object

- Apply a score-threshold, still redundant detections




Non-Maxima Suppression (NMS)

Removing overlapping detection with NMS

, Intersection
Normalized overlap = ,
Union
Overlap > threshold Overlap < threshold
Redundant detections - Distinct detections

Discard the lower-score detection - Keep both detections




Multi-Template matchin
As a Fiji plugin

Template |Template -
Image |Image -

[~ Flip template vertically
[ Flip template horizontally

Rotate template by ..(comma-separated)

Matching method |n ean cross-correlation -

Number of templates expected |i

If more than 1 template expected :

Score Threshold [0-1] [0.35

Maximal overlap between Bounding boxes [0-1] |0.25

Qutputs
[¥ Add ROI detected to ROl manager
[v Show result table

Ifyou use this plugin please cite
Laurent SV Thomas, Jochen Gehrig
bioRxiv 619338; doi: https:/doi.org/10.1101/619338

|£:| Manage update sites

. Name URL Directory on Host
[ |Fiji MaskrCNN http: //sites.imagej.net/Fiji_MaskRCNN/
,D ilastik Import Export http: //sites.imagej.net/Tlastik/
1-OpenCV-plugins http: //sites.imagej.net/13-OpenCV/
Multi-Template Matching http://sites.imagej.net/Multi-Template-Matching webdav:Lthomas

Add my site emove Close
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--A001--PO01--LOO... | = Add [f]

-A002--PO01--LO0...
---A003--PO01--LOO...
—-A004--P001--LOO...

Update

Rename.
Measure
Deselect

Properti

Flatten [F]

More »

[~ Show All

LF Labels

Macro recordable
Available via an update site

Dominguez, César, Jonathan Heras, and Vico Pascual. "lj-opencv: Combining imagej and opencv for processing images in biomedicine." Computers in biology and medicine 84 (2017): 189-194.
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Faster detection

1) Down resolution

to original image size




Image-classification with template matching

Image to classify

»"N X .
- Compute -
Correlation .

Average projection of 15 WT kidney

Similarity score

N

->The image DOES NOT ->The image matches
match the template’s category the template’s category

ACQUIFER

Score distribution for a fraction of the annotated dataset
(“Training set”: 310 images)

Correlation with WT template

Impaired Normal

Using 0.7 as a threshold between the normal and impaired category
(“Test set”: 930 other images)

Class \ Predicted_Class Normal Impaired
Normal

Correct classified: 891 Wrong classified: 39
Accuracy: 95.806 % Error: 4.194 %

Cohen's kappa (k) 0.905

In collaboration with Peter Steenbergen and Dr. Jens Westhoff, University Children’s Hospital Heidelberg



