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Project Background – Summary of Theory and Impact



Project Background – Expectations and Applications
Digits Arabic Word

0 sifir

1 wahad

2 ithnayn

3 thalatha

4 araba’a

5 khamsa

6 sittah

7 seb’a

8 thamanieh

9 tis’ah



General Overview



Determining Phonemes - Initial Plotting









Determining Phonemes – Plotting with a Temporal Shift







Creating Models for the Digits



Digit 0 - sifir



Pairwise Comparison









Digit 0: 13 Dim Clusters 
Plotted in 2D



Digit 1 - wahad



Visualisations of the Importance of Various MFCCs for Digit 1







Digit 1: 13 Dim Clusters Plotted in 2D



Digit 2 – ithnayn



Visualisations of the Importance of Various MFCCs for Digit 2







Digit 2: 13 Dim Clusters Plotted in 2D



Digit 3 – thalatha



Visualisations of the Importance of Various MFCCs for Digit 3







Digit 3: 13 Dim Clusters Plotted in 2D



Digit 4 – araba’a



Visualisations of the Importance of Various MFCCs for Digit 4







Digit 4: 13 Dim Clusters Plotted in 2D



Digit 5 – khamsa



Visualisations of the Importance of Various MFCCs for Digit 5







Digit 5: 13 Dim Clusters Plotted in 2D



Digit 6 – sittah



Visualisations of the Importance of Various MFCCs for Digit 6







Digit 6: 13 Dim Clusters Plotted in 2D



Digit 7 – seb’a



Visualisations of the Importance of Various MFCCs for Digit 7







Digit 7: 13 Dim Clusters Plotted in 2D



Digit 8 – thamanieh



Visualisations of the Importance of Various MFCCs for Digit 8







Digit 8: 13 Dim Clusters Plotted in 2D



Digit 9 – tis’ah



Visualisations of the Importance of Various MFCCs for Digit 8







Digit 9: 13 Dim Clusters Plotted in 2D



Maximum Likelihood Classification (MLE)

Equation 1: Maximum Likelihood 
Classification (Tantum)

! " Δ! , Π! = Π"#$% Σ&#$' (&,!! )" Δ&,!)



Bias Variance Trade-off



Model 1 – Kmeans - 13 MFCCs 
with Full Covariance ! " Δ! , Π! = Π"#$))* Σ&#$' (&,!! )" Δ&,!#+,--)



Model 1 – EM - 13 MFCCs with 
Full Covariance ! " Δ! , Π! = Π"#$))* Σ&#$' (&,!! )" Δ&,!#+,--)



Model 2 – KMeans - 4 MFCCs 
with Full Covariance ! " Δ! , Π! = Π"#$))* Σ&#$' (&,!! )" Δ&,!#+,--)



Model 2 – EM - 4 MFCCs with 
Full Covariance ! " Δ! , Π! = Π"#$))* Σ&#$' (&,!! )" Δ&,!#+,--)



Model 3 – Kmeans - 4 MFCCs , Non-
Kmeans++ Initialisation ! " Δ! , Π! = Π"#$))* Σ&#$' (&,!! )" Δ&#./01",!#+,--)



Model 4 – Kmeans - Including 
Transition Clusters ! " Δ! , Π! = Π"#$))* Σ&#$)∗'3$(&,!! )" Δ&,!#+,--)



Model 4 – EM - Including 
Transition Clusters ! " Δ! , Π! = Π"#$))* Σ&#$)∗'3$(&,!! )" Δ&,!#+,--)



Model 5 – Kmeans - 4 MFCCs with 
Diagonal Covariance ! " Δ! , Π! = Π"#$))* Σ&#$' (&,!! )" Δ&,!#!/4.)



Model 5 – EM - 4 MFCCs with 
Diagonal Covariance ! " Δ! , Π! = Π"#$))* Σ&#$' (&,!! )" Δ&,!#!/4.)



Model  6 – Kmeans - Separation 
by Gender ! " Δ! , Π! = Π"#$))* Σ&#$' Σ.#+1&4-1&4-1 (&,!! )" Δ&,!#+,--| ,-./-0.)



Model  6 – EM - Separation by 
Gender ! " Δ! , Π! = Π"#$))* Σ&#$' Σ.#+1&4-1&4-1 (&,!! )" Δ&,!#+,--| ,-./-0.)



Overall Model Comparison

Digit Best Model Promising 
Model

0 Model 1 EM Model 4 EM

1 Model 1 EM Model 3

2 Model 1 EM Model 5 KM

3 Model 1 EM Model 5 EM

4 Model 1 EM Model 3

5 Model 1 EM Model 6 EM

6 Model 1 KM Model 6 KM

7 Model 1 EM Model 6 EM

8 Model 1 EM Model 2, 4 and 5 
EM

9 Model 1 KM Model 4 EM and 
Model 6 KM

Table 1: Model Comparison per Digit



Conclusions



Research References - Page 1/2



Research References – Page 2/2



Coding Package References

https://doi.org/10.5281/zenodo.883859

https://doi.org/10.5281/zenodo.883859


Collaborations


