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FORMALISATION & 

ERROR CORRECTING OUTPUT

CODES
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Formalisation

• 𝑋 ⊂ ℝ𝑑, 𝑑 ∈ ℕ: 𝑑-dimensional data set

• Ω = {𝜔1, … , 𝜔𝑐}, 𝑐 ≥ 3: class label set

• 𝑙(𝑥): true label of data sample 𝑥

• 𝑋𝑖,𝑗 ≔ 𝑥 ∈ 𝑋 𝑙 𝑥 = 𝜔𝑖 ˅ 𝑙 𝑥 = 𝜔𝑗 ⊂ 𝑋

• 𝐶𝑀𝑖,𝑗:  classification model that is trained in combination with 𝑋𝑖,𝑗

• It holds:      𝐶𝑀𝑖,𝑗 = 𝐶𝑀𝑗,𝑖 ∀ 𝑖, 𝑗 ∈ {1, … , 𝑐} (symmetric models)
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Error Correcting Output Codes (ECOC)

• ECOC ensembles are popular divide-and-conquer approaches

• Each ensemble member is trained on a (binary) subtask

• ECOC Approaches

 One versus All (1vsA)

 One versus One (1vs1)

 All Binary Combinations (ABC)

 Ternary, etc.
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ECOC – Prediction

• Each ensemble member provides a 0,1 -output

• Each class is represented by a 0,1 -code (vector)

• Compute the distance between ensemble output and class code

 E.g., Hamming distance

 Class corresponding to minimum distance is taken as prediction
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ORDINAL CLASSIFICATION &

ODINAL CLASSIFIER

CASCADES
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Ordinal Classification

• Ordinal classification ⇏ ordinal-scaled features

• Ordinal classification ⇒ ordinal class structure

• Notation: 𝜔1 ≺ ⋯ ≺ 𝜔𝑐

• We denote 𝜔1 and 𝜔𝑐 as edge classes or edges
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Ordinal Classifier Cascades (OCCs)

• OCC architectures also represent divide-and-conquer techniques

• Each ensemble member is trained on a binary subtask

• The ensemble members constitute a classifier sequence

• Each ensemble member provides one of two options

 Move the current input to the next model in the sequence

 Take the current output as the ensemble‘s final decision

 Exception: Last sequence member
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OCCs – General Pairwise Approach

• CM 1 is trained to separate the first class from the second

• CM 2 is trained to separate the second class from the third

• Etc.

• Prediction

 If CM 1 predicts the 1st class, take the prediction as final decision

 Otherwise, move the current input to the second CM

 Etc.
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OCCs – Pairwise Approaches

• Motivation: The direction of OCCs is important!

• 𝜔1 ≺ ⋯ ≺ 𝜔𝑐 is equivalent to 𝜔𝑐 ≺ ⋯ ≺ 𝜔1

• Separate the pairwise approach into

 Current versus Next (CvsN)

 Current versus Previous (CvsP)
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OCCs – Pairwise Approaches
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Bidirectional Ordinal Classifier Cascades (bOCCs)

• Simple idea: Combine the pairwise approaches, CvsN & CvsP

• Selector component: 𝐶𝑀1,𝑐

• Study Question: 
How does this straightforward modification affect the classification
performance?
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BIOVID HEAT PAIN DATABASE
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BioVid Heat Pain Database (Part A) – General Information

• Consists of 5 publicly available parts (Part A – Part E)

• Healthy test subjects participated in pain elicitation experiments

• Pain was induced in form of heat by a professional thermode

• The thermode was attached to the participant‘s forearm

• Maximum allowed temperature was set to 50.5°𝐶
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BioVid Heat Pain Database (Part A) – Individual Calibration

• 𝑇0: Baseline Temperature – 32°𝐶 for each participant

• 𝑇1: Pain Threshold – participant feels a change from heat to pain

• 𝑇4: Tolerance Threshold – participant classifies pain as unbearable

• 𝑇2/𝑇3: Intermediate Pain Levels – all pain levels are equidistant (not 𝑇0)

• Naturally occurring order of class labels:  𝑇0 ≺ 𝑇1 ≺ 𝑇2 ≺ 𝑇3 ≺ 𝑇4
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BioVid Heat Pain Database (Part A) – Pain Experiments

• Each pain level was applied 20 times per participant in randomised order

• Each pain level was held for 4 seconds

• Each pain level was followed by a baseline stimulus of 8-12 seconds
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BioVid Heat Pain Database (Part A) – Recorded Modalities

• Videos from 3 different angles (not used in the experiments)

• Electrocardiogram (ECG)

• Electromyogram (EMG) of the trapezius muscle (located at the shoulder)

• Electrodermal Activity (EDA) measured at the ring and index fingers
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RESULTS
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Results – Experimental Settings

• Classification Models
Support Vector Machines with linear kernel

• Fusion Approach
Feature fusion, i.e. concatenate ECG, EDA, EMG data to one vector

• Evaluation Approach
Leave-One-Person-Out (LOPO) Cross Validation
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Results – Experimental Settings

• Performance Measures

 Mean Absolute Error (MAE)

 Accuracy

• Statistical Testing

 Two-sided Wilcoxon signed-rank test

 Significance level 5%
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Results – CvsN & CvsP
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Results – Comparison of all Methods
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Conclusion & Future Work

• Conclusion

 The direction of an OCC sequence has a significant impact

 The addition of one single CM significantly improves the performance

 The only superior performing method was the 1vs1 approach (MAE)

• Future Work

 Optimisation of the selector component

 Combination of 1vs1 and bOCC
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THANK YOU VERY MUCH FOR

LISTENING TO ME 

PLEASE FEEL FREE TO ASK

YOUR QUESTIONS!


