
    
      Fig. 1 
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        Randomly selected images from both the real and simulated datasets, showcasing their morphological diversity.

      

    

  
    
      Fig. 2 
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        Diagram illustrating the classification process. Initially, the encoder maps the input sample into the representation space, where calculations such as evaluating image similarities and determining distances to morphological classes can be performed. Subsequently, the deep ensemble generates robust class probabilities based on these representations.

      

    

  
    
      Fig. 3 
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        SimCLR architecture: the input image × undergoes random transformation twice, generating two views. These views are then processed through the encoder f (·) to extract corresponding representations. Subsequently, an MLP g(·) is employed to project these representations into a lower dimensional space. The objective of the learning task is to maximise the similarity between these projections.

      

    

  
    
      Table 1 

      Parameters of random augmentations.

      
        


	Random augmentation
	Parameter
	Value





	Random vertical flip
	Probability
	0.5



	Random rotation
	Probability range of degrees
	1.0
(-360, 360)



	Random brightness jitter
	Probability contrast factor
	1.0
(0, 1.1)



	Random resized crop
	Probability scale
	1.0
(0.9, 1)



	Random structural view
	Probability neighbours
	0.75
4





      

    

  
    
      Fig. 5 
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        Seven clusters were randomly selected and from each of these clusters, five members were also chosen at random to be displayed.

      

    

  
    
      Fig. 6 
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        Raw clustering results are depicted, illustrating the distribution of representations in the space defined by the first two principal components. Data points are colour-coded according to their cluster pre-labels with unclassified sources displayed in grey.

      

    

  
    
      Fig. 7 
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        Size distribution of clusters forming the pre-labels. At this stage, the cluster pre-labels are numerically assigned from 0 to 94.

      

    

  
    
      Fig. 8 
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        Distinct clusters given in each row, showcasing the seven sources with the highest mean SI-SSIM values to highlight the typical morphology exhibited by the cluster. The mean SI-SSIM value of each source is displayed above each panel.

      

    

  
    
      Table 2 

      Distribution of sources across morphological classes.

      
        


	
	Class name
	Whole sample
	p ≥ 90%





	1
	Artifact
	1258
	910



	2
	Amorphous
	873
	555



	3
	Bright core
	1130
	919



	4
	Head-tail
	2441
	1292



	5
	Single lobe
	607
	228



	6
	Centre-bright
	4386
	2682



	7
	Centrally peaked ellipse
	1506
	616



	8
	Symmetric double
	12 544
	8564



	9
	Edge-bright
	6314
	3774



	10
	Diffuse bent
	7255
	3721



	11
	Structured bent
	2491
	1151



	12
	Circular diffuse
	1425
	939



	
	Total
	42 230
	25 351





      

      
Notes. Source counts are provided for the entire unlabelled sample and for the subset of sources with a class probability greater than 90%.




    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Different classes shown row by row. The first five columns display the sources with the highest class probabilities, while the last five columns show those with the lowest class probabilities. This figure illustrates the model’s confidence in its predictions. The class probability for each source is indicated at the top of each panel.

      

    

  
    
      Fig. 11 
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        Distribution of the deep ensemble class probabilities for all 42 230 images in the unlabelled sample, using a bin width of 0.05.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Distribution of deep ensemble representations for the entire unlabelled sample in the space defined by the first two principal components, with colours indicating predicted classes. An example image for each class is included to illustrate the morphological evolution within this space.

      

    

  
    
      Table B.1 

      Class distribution of manually labelled images.

      
        


	Class name
	p ≤ 85%
	Entire sub-set
	p ≥ 99%





	artifact
	5
	20
	10



	amorphous
	22
	66
	26



	bright core
	13
	62
	34



	head-tail
	4
	15
	5



	single lobe
	2
	9
	6



	centre-bright
	26
	102
	44



	c. p. ellipse
	12
	32
	13



	symmetric double
	52
	211
	116



	edge-bright
	108
	327
	85



	diffuse bent
	76
	167
	40



	structured bent
	29
	93
	34



	circular diffuse
	18
	65
	33



	Total
	367
	1169
	446





      

      
Notes. The counts are provided for the entire subset, the subset with predicted class probabilities below 85%, and the subset with predicted class probabilities above 99%.




    

  
    
      Table B.2 

      F1 scores for each class and the corresponding macro average.

      
        


	Class
	p ≤ 85%
	Entire sub-set
	p ≥ 99%





	artifact
	0.22
	0.59
	0.77



	amorphous
	0.31
	0.67
	0.92



	bright core
	0.00
	0.63
	0.85



	head-tail
	0.17
	0.36
	0.59



	single lobe
	0.22
	0.48
	0.83



	centre-bright
	0.40
	0.73
	0.91



	c. p. ellipse
	0.33
	0.42
	0.70



	symmetric double
	0.41
	0.64
	0.87



	edge-bright
	0.54
	0.65
	0.81



	diffuse bent
	0.40
	0.47
	0.59



	structured bent
	0.26
	0.51
	0.67



	circular diffuse
	0.53
	0.66
	0.80



	Macro average
	0.37
	0.60
	0.80





      

      
Notes. The values are compared across the entire subset, the subset with predicted class probabilities below 85%, and the subset with predicted class probabilities above 99%.




    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Confusion matrix comparing the classes predicted by our model to the conventional classes determined through visual inspection. The first two predicted labels correspond to FRI sources, the next pair to FRII sources, and the subsequent pair to bent ones. The remaining predicted labels represent other classes.

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Image grid displaying the 100 sources manually labelled as FRI, accompanied by the class and class probability predicted by our model. Sources with predicted labels compatible with FRI (centre-bright or centrally peaked ellipse) are framed in green, whereas those with different predicted labels are framed in red. The predicted class number corresponds to those shown in Table 2.

      

    

  
    
      Fig. C.3 

      
        [image: thumbnail]
      

      
        Image grid displaying the 100 sources manually labelled as FRII, accompanied by the class and class probability predicted by our model. Sources with predicted labels compatible with FRII (symmetric double or edge-bright) are framed in green, whereas those with different predicted labels are framed in red.

      

    

  
    
      Fig. C.4 

      
        [image: thumbnail]
      

      
        Image grid displaying the 100 sources manually labelled as bent, accompanied by the class and class probability predicted by our model. Sources with predicted labels compatible with bent (diffuse bent or structured bent) are framed in green, whereas those with different predicted labels are framed in red.

      

    

  
    
      Fig. D.1 

      
        [image: thumbnail]
      

      
        Distribution of deep ensemble representations projected onto the space defined by the first two principal components. Data points are coloured blue if their class probability is less than 0.5 and red if their class probability is 0.5 or greater.
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