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• 9,200 people per year in UK diagnosed with 
oesophageal cancer, while 70% are at a late 
stage

• 85% of people diagnosed with the earliest stage 
survive their cancer for 1 year or more.

• If oesophageal cancer is found early, surgical 
removal may be possible.

Background: Importance of Early Detection



Background: Why Spectral Data is Useful



Background: How Data are Collected (1)

IM

Image of oesophageal lesion

Label is given by histopathologist



S MEAD 20250605 SLIDE 6

Broadband 

halogen light 

source

Silica 

fibre 

bundle

Plano-convex 

lens

Tissue specimen 

pinned to foam core 

board

Artray

ArtCam

990-

SWIR 

camera

Vis/NIR/

SWIR 

lens 

system

Filter

Motorised 

filter wheel

Linear 

polariser

Linear 

polariser

Light source/ 

camera 

control & 

image 

capture

Silica 

fibre 

bundle

Linear 

polariser

Narrowband

light source

(tuneable λc)

Band wavelength, λc

R
e

la
ti

v
e

 r
e

fl
e

c
ta

n
c
e

ROI

ROI diffuse reflectance spectrum

Using AOTF 

+ white 

laser

Using filter 

wheel + 

halogen lamp

Background: How Data are Collected (2)



Background: How Label is Given
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Structure of Spectral Data

Label 500nm 502nm 504nm … 700nm 702nm … 1398nm 1400nm

60A-SQ-1 N/A 0.06575 0.06607 0.19877 0.19625 0.01022 0.00958

……

60A-SQ-1

Patient Number

(60-85) Specimen

(Normally A-D)
Disease Type

(SQ->IMC)

Slice Number

Note: Data of 850-900nm and 1052-1114nm are labelled ‘N/A’ due to restriction of equipment.



Machine learning applied to spectral data

Spectra

Machine Learning Model



Preprocessing

10

Moving Window

(Outlier Removal)

Set window size to be 5. 

The outlier is defined to be 
the datapoint which is 
outside median ± 8/10 
median absolute deviation 

Approx. 1% has been 
detected to be outliers.

Savitzky Golay Filter

(Smoothing)

Set window size to be 11 
(conventional setting) and 
polynomial order to be 7 
(smaller order may cause 
over-smoothing).

Standard Normal Variate

(Normalising)

One way of normalising 
spectral data. Proved to 
have the best performance 
from other research 
groups.

Plotting Mean Spectra

Plot the mean spectra of 18 
patients, as well as the ‘± 1 
standard deviation’ 
version, to try to find some 
patterns of the difference 
between each stage.
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Machine Learning Part

Unsupervised Learning

(No Label Used)

Supervised Learning

(Label Used)



Visualisations of PCA



LDA Visualisation

LDA is similar as PCA, where it is also 

used to reduce the dimension of data.

After applying LDA, we obtain a 

transformation matrix.



XGBoost LightGBM

Feed data in

Model output





It seems that we can stop at this point…

But something went wrong…

Where is the problem?



Supervised Learning Pipeline

Linear Discriminant 
Analysis (LDA)

Labels are used, so that 
we can distinguish data 
of different diseases by 
maximising the 
distance between each 
clusters

Feature Selection

Available methods include:

- Boruta (recommended by 
Imperial College)

- Spectral Band Selection

Training the 
Model

Available methods include:

- XGBoost

- LightGBM

Test

To avoid overfitting, cross 
validation is used to 
separate the training and 
test sets.
Confusion matrices and 
receiver operating 
characteristics are used to 
measure the performance 
of the model.

Problem of Data Leakage



The performance dropped down drastically…



Conclusions:

• Spectral data might not be enough.

• Read papers from other research groups.

What to do next:

• Improve the preprocessing stage to reduce the differences in spectra between patients.

• Read papers from other research groups to find out ways of reduce batch effects.

• Increase the number of data

• Try improving the experiment (use camera and light source with less noises to catch 

more data).
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Supervised Learning Pipeline (After Correction)

Labels are used, 
so that we can 

distinguish data of 
different diseases 
by maximising the 
distance between 

each clusters

Feature 
Selection

Available methods 
include:

- Boruta 
(recommended by 
Imperial College)

- Spectral Band 
Selection

Training 
the Model

Available methods 
include:

- XGBoost

- LightGBM

Test

To avoid overfitting, 
cross validation is 
used to separate the 
training and test 
sets.

LDA is applied to 
training set.



To improve, try

• Normalising the training set by Z-score

• Regrouping the data to reduce the difficulty of classification

• pycombat: a python library used to reduce the batch effects



To improve:

• Change LDA dimension (6 instead of 3)

• Use preprocessed data (examine performance for each step)

     (e.g. adjusting parameters in smoothing filter, different normalizing methods)

• Add first derivative data

• Add filter wheel data (new source of data)

• Eliminate data from patient 70

Enlightened by
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PCC Values

SAM Values

Note: Reference disease is picked to be with the lowest risk appeared in the patients’ tissues



ExVISION Patient 60 ExVISION Patient 61

ExVISION Patient 62 ExVISION Patient 66

SAM (Ref: SQ)
GM:0.357
HGD:0.648
IMC:0.255

Pearson
GM:0.937
HGD:0.797
IMC:0.968

SAM (Ref: IM)
HGD: 0.240
IMC: 0.260

Pearson
HGD: 0.971
IMC: 0.966

SAM (Ref: SQ)
GM: 0.591

Pearson
GM: 0.830

SAM (Ref: SQ)
IM: 0.271
HGD: 0.188
IMC: 0.201

Pearson
IM: 0.963
HGD: 0.982
IMC: 0.980



Supervised Learning Pipeline

Linear Discriminant 
Analysis (LDA)

Labels are used, so that 
we can distinguish data 
of different diseases by 
maximising the 
distance between each 
clusters.

Use processed low-dim 
data to move on.

Feature Selection

Available methods include:

- Boruta (recommended by 
Imperial College)

- Spectral Band Selection

Training the 
Model

Available methods include:

- XGBoost

- LightGBM

Test

To avoid overfitting, cross 
validation is used to 
separate the training and 
test sets.
Confusion matrices and 
receiver operating 
characteristics are used to 
measure the performance 
of the model.

Surprisingly, not helpful
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