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Work on Minerva 

� Histopathological image registration: colon cancer 

� Cytology: Skin cancer classification
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Multimodal Registration of 

Histopathological Samples

Collaboration between
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Need to merge technologies

Traditional microscopy FTIR microscopy

� Staining (H&E)

� Morphological information

� Subjective diagnosis

� Gold standard

� Label-free

� Chemical information

� Objective diagnosis

� Train algorithms
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Problem overview

Sources of variability

� Intensity values

� Pixel size

� Coarse spatial differences

� Local spatial differences
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Multimodal registration
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Example – Rigid registration

FTIR grayscale 

image (Reference)

H&E grayscale 

image (Target)

� Automatic keypoint detection 

and matching

� Translation + Rotation

� First coarse alignment
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Example – Non-rigid registration
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Combination of Approaches

HE SEGMENTATION

REGISTRATION

FTIR CLUSTERING



MINERVA 317803 Page 10

Combination of Approaches

HE SEGMENTATION

REGISTRATION

FTIR CLUSTERING
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FINAL TRAINING PIPELINE

Sample

Sections

FTIR
H&E

Segmentation

Registration

Clustering

Select regions

Train model

Test model
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Skin Cell Classification

Collaboration between
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Dataset

� Unstained samples

A-375 HaCaT NIH-3T3 SK-MEL-28

Batch 1

Batch 2

Batch 3
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Classification pipeline

� Spectra extraction ���� Segmentation of cells

FTIR grayscale image White light image Watershed markers Segmented cells

200 µm
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� Model real case: Extended Multiplicative Signal Correction (EMSC)

�� � � ⋅ ����� 	 �
��� 	 

� ��: Measured absorbance spectrum

� �: Multiplicative physical scaling parameter (e.g., concentration and path 

length)

� �����: Modeled (ideal) chemical spectrum

� �
���: Modeled (ideal) physical spectrum (e.g. Mie scattering)

� : Unmodeled effects (e.g., chemical variations, unknown scattering, 

measurement errors, etc.)

Page 15

Pre-processing (I)



MINERVA 317803

� Main confounding spectral effects in FTIR cytology

������

• Water vapour ���� VERY DIFFICULT TO MODEL

��
���

• Mie and R-Mie scattering

�

• Low signal
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Pre-processing (II)
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� Amide I

� Offset (minimum) removal

� Amide I peak (~1650 cm-1) normalisation

� Diffsg2

� Second derivative Savitzky-Golay

� Vector normalisation

� Standard Normal Variate (SNV)

� Mean absorbance subtraction

� Standard deviation normalisation

� RMieS-EMSC

� Resonant Mie scattering correction

� Implicit normalisation
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Pre-processing (III)

Remove Physical Information

Highlight Chemical Information
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Pre-processing (IV)
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� One-batch-out classification

Page 19

Cross-validation approach I

A-375 HaCaT NIH-3T3 SK-MEL-28

Batch 1

Batch 2

Batch 3

TEST SET TRAINING SET

Fold 1Fold 2Fold 3
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WP8 – One-batch-out cross-validation (II)

� 4 classes (cell lines)

A-375 HaCaT SK-MEL-28NIH-3T3
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WP8 – One-batch-out cross-validation (III)

� 2 classes (Normal / Tumoral)

A-375 HaCaT NIH-3T3 SK-MEL-28
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� In-batch classification
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Cross-validation approach II

A-375 HaCaT NIH-3T3 SK-MEL-28

Batch 1

Batch 2

Batch 3

TEST SET TRAINING SET

Fold 1Fold 2Fold 3Fold 4Fold 5
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In-batch cross-validation (II)

� 4 classes (cell lines)

A-375 HaCaT NIH-3T3 SK-MEL-28
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In-batch cross-validation (III)

� 2 classes (Normal / Tumoral)

A-375 HaCaT NIH-3T3 SK-MEL-28
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Summary results (Balanced Accuracy)

4 classes
(cell lines)

Preprocessing

Raw Amide I Diffsg2 SNV
RMieS-

EMSC
C

la
s
s
if

ic
a
ti

o
n

a
p

p
ro

a
c
h One-batch-out CV 0.444 0.606 0.557 0.535 0.517

In-batch CV 0.865 0.868 0.943 0.900 0.951

2 classes

(Normal / Tumoral)

Preprocessing

Raw Amide I Diffsg2 SNV
RMieS-

EMSC

C
la

s
s
if

ic
a
ti

o
n

a
p

p
ro

a
c
h One-batch-out CV 0.732 0.828 0.787 0.851 0.746

In-batch CV 0.924 0.940 0.950 0.924 0.946
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Conclusions

� Excellent discrimination in the same batch

� Independent of pre-processing

� Overfitting?

� External interferences may confound real discrimination

� Poor generalisation between batches

� Critical influence of batch preparation and measurement

� Low SNR � Difficult to remove artefacts and interferences

� Current FTIR microscopy (commercial)

� Relatively low illumination power (Globar)

� Too much measurement time (water vapour)

� Infrared light

� Severe artifacts in cells � Mie and R-Mie scattering


