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Background

« Quantify the distance between tongue contours extracted from ultrasound * “Micro” ultrasound system (Articulate Instruments Ltd.) with
images (traced manually or automatically) - compare two contours directly * 2-4 MHz / 64 element 20mm radius microconvex transducer
« MAD - Mean Absolute Difference (Stone, 2005) « 5-8 MHz / 64 element 10mm radius mlcroconvex transc ucer
« RMSD - Root Mean Squared Distance (Stone, 2005) » Five Hungarian subjects (Csapé et al., 2017)  poms
« MSD - Mean Sum of Distances (Li et al., 2005) - 3females: F1,F2, F3
- NND - Nearest Neighbor Distance (Zharkova et al., 2009) * 2males: M1, M2
 Dbasically the same as MSD « Sentence: ,Most a CVCa meg a CVCa volt.”
* Questions  Ultrasound frames converted to JPG images
« Q1: What are their advantages and disadvantages?  Tongue traced manually
« Q2: How sensitive are they to the way of calculation? (http://apil.parsertongue.com/draw)
* Q3: Which is more useful for quantifying distances of tongue shapes? o] - [ e R
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Methods

« MAD and RMSD are simple and « MSD is asymmetric in a sense that the U-to-V

%% quick to calculate / ey @ distance might be different from V-to-U
‘ e . An equal number of data points ™ « Advantage of MSD is that it can measure the
are necessary on the two distance between tongue contours that are not
contours (denoted by U and V) ‘ equal in length
e If one of the contours in the « MSD can be improved further by taking the
comparison is  significantly squared distances to give more weight to large
Figure 1: Calculation of MAD and RMSD using a radial grid |Onger' not all parts will be Figure 2 Caloulation of MSD differences:
involved in the calculation of the and RMSSD. « We propose to use the novel RMSSD (Root Mean
U={u;,u,,..u,} V ={vq,vy, .., } difference ;gft-‘omf;(’;f_;ﬂﬁi (V_gg:fz"/)' Sum of Squared Distances) measure
« Advantage of RMSD over MAD is 1 m n
that J aht s a ‘ MSD(U,V) = (Z m,in‘vl- — uj‘ + 2 m,in‘ul- — vj|)
MAD(U,V) = z lu; — v at more weight is given to m+n\Zuj—q J o1 ]
b—a—14aj-, large differences, and thus
1 ) global differences are more
RMSD(U,V) = (u — v ) apparent RMSSD(U,V) = z min (vl — u]) + z mln(ul — UJ)
b—a-—-1 =a J J m-+n
\ J= \
Results and discussion
Speaker F2, p a1l Speaker F2, pe Speaker F2, p 03 Speaker F1, pi Speaker M1, p 02 Speaker M2, k a
r=16 r=164

MAD: 1.28 MAD: 0.94 MAD: 2.36 Mgb_ ?g? gagb. gg: MAD:_ 1.
rRMSD; / 1.62 RMSD:  1.06 RMSD: 272 : : : ' RMSD: 1.2
MSD: 162 MSD: 1.05 MSD: 297 MSD: 0.99 MSD: 1.15 MSD: 1.02
RMMSSD: ' 2.43 RMMSSD: 1.30 RMMSSD: 2.59 RMMSSD: 1.21 RMMSSD: 2.28 RMMSSD: 1.22
Speaker F2, p a1 Speaker F2, tu2 Speaker F2, p a Speaker F1, Ki Speaker M1, ki1 Speaker M2, to
r=32
- m / - - - - N
RMSD" 1/45 RMSD: 1.19 RMSD: 3.51 _ _
MSD: 138 MSD: 113 MSD: 2.03 MSD: 1.18 MSD: 0.99 MSD: 2.15
RMMSSD: 207 RMMSSD: 1.28 RMMSSD: 3.23 RMMSSD: 1.64 RMMSSD: 1.45 RMMSSD:  2.80
Speaker F2, p a1 Speaker F2, ku3 Speaker F2, p i1 Speaker F1, p a1l Speaker M1, k a Speaker M2, t u1
:7/§=hﬁﬁﬁﬁk\\\\\\\\ MAD: 1.87 MAD: 1.62 _
MAD: 408 MAD: 0.86 MAD: 1.18 RMSD: 504 RMSD: 164 MAD: 3.64
RMSD/ 141 RMSD: 1.10 RMSD: 1.49 : - ; . RMSD: 397
MSD: 118 MSD: 0.91 MSD: 2.20 MSD: 2.24 MSD: 4.82 MSD: 3.84
RMMSED. 4 58 RMMSSD: 1.19 RMMSSD: 3.81 RMMSSD:  2.68 RMMSSD:  7.03 RMMSSD: 4.8
Speaker F2, p a1 Speaker F2, p i Speaker F2, k u1 Speaker F1, tuf Speaker M1, pu Speaker M2, k 03
r=128 /\
MAD: 102 MAD: 2.46 MAD: 5.37 MAD: 4.62
MAD: 1,00 RMSD: 196 gagb ;gg RMSD: 3.07 RMSD: 5.37 RMSD: 5.21
sggpr :?? MSD: 1.03 MSD: 258 MSD: 3.09 MSD: 16.85 MSD: 4.97
RMMSSD; 154 RMMSSD: 127 RMMSSD: 5.03 RMMSSD:  4.17 RVMMSSD:  19.47 RMMSSD:  5.84
Speaker F2, p a1l Speaker F2, pu Speaker F2, k e Speaker F1, tu3 Speaker M1, t 03 Speaker M2, p o1
r=180 .
_ MAD: 4.83 MAD: nan MAD: 86
MAD: 1.01 MAD: 0.93 MAD: 1.19 _ RMSD- nan .
MSD: 107 MSD: 0.95 MSD: 4.63 MSD: 457 MSD: 27.00 MSD: 5.65
RMMSSD: 1.46 RMMSSD: 1.12 RMMSSD: 8.96 RMMSSD: 517 RMMSSD: 27.96 RMMSSD: 7.84
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