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Background: Numerous measures have been used to quantify 

the distance between tongue contours extracted from ultrasound 

images (traced manually or automatically). One type of these 

measures are comparing two contours directly, e.g. MAD - 

Mean Absolute Difference (Stone, 2005), RMSD - Root Mean 

Squared Distance (Stone, 2005), MSD - Mean Sum of Distances 

(Li et al., 2005) and NND - Nearest Neighbor Distance 

(Zharkova et al., 2009) [the latter being basically the same as 

the mean sum of distances]. All of these methods offer 

advantages and disadvantages, which will be compared here 

and extended with a novel distance measure to calculate the 

difference between two tongue contours. 

Methods: Five Hungarian subjects with normal speaking 

abilities were recorded while reading aloud sentences and 

nonsense words (Csapó et al. 2017). The tongue movement was 

recorded in midsagittal orientation using a “Micro” ultrasound 

system (Articulate Instruments Ltd.) with a 2–4 MHz / 64 

element 20mm radius convex ultrasound transducer at 80–100 

fps. After the recordings, the ultrasound frames were extracted 

as raw scan line data and converted to JPG images. To illustrate 

the comparison of distance measures we traced the tongue 

manually on two images (http://apil.parsertongue.com/draw).  

An advantage of MAD and RMSD is that they are simple 

and quick to calculate. However an equal number of data points 

are necessary on the two contours (denoted by U and V), 

because if one of the contours in the comparison is significantly 

longer, not all parts will be involved in the calculation of the 

difference (see Fig. 1). The advantage of RMSD over MAD is 

that more weight is given to large differences, and thus global 

differences are more apparent, since the distances are squared 

(Stone 2005). Both of the measures are calculated only on the 

common part of the radial grid (i.e., between indices a and b): 
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Figure 1: Calculation of MAD and RMSD using a radial grid  

 

The advantage of MSD is that it can measure the distance 

between tongue contours that are not equal in length (i.e. do not 

have the same number of points, see Fig. 2). MSD is asymmetric 

in a sense that the U-to-V distance might be different from V-

to-U, as shown in Fig. 2. For this reason, both ways are 

calculated and averaged: 
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However, MSD can be improved further by taking the squared 

distances to give more weight to large differences (similarly to 

RMSD). Therefore, we propose to use the novel RMSSD (Root 

Mean Sum of Squared Distances) measure:  
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Figure 2: Calculation of MSD and RMSSD.  

Left: blue-to-red (U-to-V), right: red-to-blue (V-to-U) 

Results and discussion: For simple demonstration, we 

measured all the distances on the above pair of tongue contours, 

resulting: MAD = 24.79 pixel, RMSD = 31.51 pixel, MSD = 

37.03 pixel and RMSSD = 49.66 pixel. Figure 1 shows that the 

red contour is significantly shorter than the blue contour, and 

thus the MAD and the RMSD disregard the non-overlapping 

segments. In MSD and RMSSD the non-overlapping segments 

are also involved in the calculation (see Fig. 2 left). 

Furthermore, RMSSD gives more weight to this kind of visually 

clear difference; this is why it is the largest.  

More detailed analysis (including data from the five 

speakers) will be carried out by the time of the conference. 

Based on the analysis we also hope to draw further conclusions 

on the types of research questions the particular distance 

measures may be suitable for. 
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