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Method of Tongue Movement Estimation Based on Suprahyoid Muscle Coordination

Makoto Sasakr,” Takayuki ARAkAWA,” Atsushi Nakayama,” Masaki YAMAGUCHI

Abstract Because the tongue is controlled by the cranial nerve, even people with cervical cord injury can
usually perform various voluntary tongue movements. With attention to voluntary tongue motion, which is
capable of communicating the intentions of a person with a disability, we estimated the tongue movement using
EMG signals of the underside of the jaw, where the suprahyoid muscles are crowded. Suprahyoid muscles usually
function to open the mouth, and to control the position of the hyoid, the base of the tongue. We affixed a multi-
channel electrode with nine electrodes to the underside of the jaw. Then, deriving many EMG signals using
monopolar leads, we calculated 36 (=9C:) channel EMG signals between any two of the nine electrodes.
Associating these EMG signals and tongue movements using a neural network, we confirmed our ability to
estimate tongue movement with 91.5% precision. Furthermore, building a neural network for estimating mouth
opening and deglutition, which are potential origins of false estimation, and discriminating that movement with
92.0% precision, we suggest precise extraction of only the signal of voluntary tongue movement from EMG
signals of the suprahyoid muscles.

Keywords : tongue movement, suprahyoid muscles, intention transmission, people with severe disabilities, human

machine interface.
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Fig. 2 Estimation algorithm of the tongue movement.
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Table 1 Teaching signals of neural network.

Right Left Forward Ol\gzzit:g Deglutition
Output 1 1 0 0 0 0
Output 2 0 1 0 0 0
Output 3 0 0 1 0 0
Output 4 0 0 0 1 0
Output 5 0 0 0 0 1

F2 TOREEEOHEER R

Table 2 Estimation result of voluntary tongue movement.

Estimated movement

Actual movement

mean +SD[ %] Right Left Forward

Right 63.6 +29.5 1.8+4.1 127+152

9-channel Left 109+7.6 873177 73+119

EMG signals Forward 73%16.3 55+8.1 764+17.7
None 181+129 55+8.1 3650

""""""""""""""""""" Right ~ 927+119  18%41  18%41

36-channel Left 1.8+4.1 90.9+64 18+4.1
EMG signals  Forward 1.8+41 55+8.1 90.9+9.1
None 36+81 1.8+41 55+5.0
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Fig.3 Effects of different derivation procedures of EMG
signals on estimation precision.

(a) 36-channel EMG signals (Tri-9)

(b) 15-channel EMG signals (Tri-6) (c) 6-channel EMG signals (Tri-4)

(d) 15-channel EMG signals (Rec-6)  (e) 6-channel EMG signals (Rec-4)
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Fig. 4 Configurations of multi-channel electrode.
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Fig. 6 Effects of mouth opening and deglutition on estimation
precision.
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