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In digital forensic investigations containing large quantities of multimedia files it may be 

necessary to rapidly triage hundreds or thousands of unlabelled files, to either find previously 

unknown speakers of interest or to search for specific speakers. Without any indication as to 

how many speakers are in each file, who those speakers are, or whether speakers reappear 

elsewhere in the unlabelled data, this could become exceedingly challenging for both manual 

or computational methods. We propose a two-tier clustering-based approach to address these 

issues. The first stage is to run within-file clustering to create a cluster database. This then 

enables: 

1. Retrieval - compare a single-speaker reference sample against the database 

2. Discovery - second-level clustering to group within-file clusters that contain the same 

speaker 

Naive clustering involves comparing every identified cluster in each file against all clusters in 

the database. This has O(n^2) complexity that scales poorly as the number of files increases, 

making clustering with thousands of files computationally prohibitive. Here we propose a 

scalable clustering that sidesteps this issue. 

Pre-processing includes the removal of audio of inadequate quality and regions where speakers 

are overlapping. The remaining audio is then segmented and x-vectors extracted, before 

running agglomerative hierarchical clustering to estimate how many speakers are in a file and 

where they are speaking, creating a within-file cluster database. 

 

Figure 1. A flowchart showing the sequence of clustering processes. 

For retrieval, VOCALISE (Kelly et al, 2019) is used to compare a reference sample against the 

database. For discovery, a density-based clustering algorithm is used to find groups of within-

file clusters belonging to the same speaker. Each discovery group undergoes an all versus all 



VOCALISE comparison to generate comparison metrics to rank groups by match strength (i.e. 

a high mean score suggests a more coherent group). 

To evaluate performance, a curated subset of 386 files from VoxCeleb1 (Nagrani et al, 2017) 

was used. Files contain speech from at least two speakers, only one of which is labelled, and 

speakers appear in more than one video. There is diversity in recording conditions and speaker 

population. 

Discovery elicited a total of 407 groups containing clusters from 2 or more different files. Of 

these, 26 groups were determined to be pure (i.e. containing a single, labelled speaker). Pure 

groups covered 22 of the 129 unique labelled speakers in the curated dataset. Thus, there were 

several labelled speakers who appeared in more than 2 pure groups. Of the remaining ‘impure’ 

groups, some were manually inspected and discovered to contain the same unlabelled speaker 

across files. For example, the fourth, blue-highlighted group in Figure 2 appears to contain 

results from Speakers 68 and 79. This group actually consists of speech from a mutual 

interviewer who appears in both files. As such the algorithm found links that were unknown to 

us. 

By deploying clustering algorithms, rather than non-scalable, traditional NvN comparisons, 

thousands of completely unlabelled multimedia files can be rapidly analysed. 

 

Figure 2. Discovery results showing groups of within-file clusters that contain the same 

speaker. 
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