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Abstract: Binaural hearing aids with a voice transmitter have been widely used to enhance sound quality in noisy
environment. However, this system has a limitation on sound-source localization. In this study, we investigated auto-
matic directional-gain control method using geomagnetic sensors to provide directional information to binaural hear-
ing aid user. The loudness gains of two hearing aids were differently controlled based on the directional information
between a speaker position and a viewing direction of hearing aids user. This relative directional information was
measured by two geomagnetic sensors on hearing aids user and a speaker. The results showed that the loudness
gains were accurately controlled and could provide directional information based on the cue of interaural level dif-
ferences.
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Fig. 1. Schematic for the overall system to control the
binaural gains based on the relative position between a
speaker and a hearing aids user. The speaker part of (a)
consists of a geometric sensor, microphone, Bluetooth, and
Arduino board. The directional data and sounds data are
transmitted to the hearing aids part of (b) via Bluetooth.
The hearing aids part processes the relative direction
between the speaker and the hearing aids and then controls
the binaural gains for the two speakers.
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Fig. 2. Schematic of measuring (a) an absolute azimuth angle using a geomagnetic sensor in a horizontal plane and (b)
the relative angle (6sy) between a speaker (6s) and a hearing aid user (6y).



Journal of Biomedical Engineering Research 37: 209-214 (2016)

¢ 20AR EYstA skl
2.2 =™ «08|EF
8 2ap @A WAV S 22te] ) A
A A 9 ZH(azimuth)E 245t JJREE HolZka 9)
t}. Hk9)7k-e 2] (horizontal plane)o| 4] AHE-=(magnetic
north)@} 3% 2|A}7] AA Q] x= ApolQ] ZtEE o)u|sh,
ofell 4% olgsio] Atals.

azimuth(c) = tan™ (g—) 21(1)

=& OS%LOM HEO 7FS AALSH=
g 2b)= A BA 7] LA AtolQl *OPEHﬁ 7} ézg
News Uehich. 2wt S37L 137) 845 ek
Ao B37] AR ARG SARHE TS &7
stk WA Aol 7|uksto] shab BFEk} WA AReA}
o} zzre] }el7k 6o} o5 AtsoTt

032 s — 180°
On= oy A(2)
EAFe] W2t (ag)S o]&3to] TRk YA EQ] O Al
Abeta, BAg7) AREARS] Wl (apyE o8&t HA7] A
B2 YAAAER] Oy o]-&3te] AAHA "t o7]A,
057} S50l AL BA7] ARgARe] o] YA|staL, F
Fo|H QEZKof| XS ou|gitt. HA7] AREAfol| thigh
Ao A e (bep)= S8E 449 Ad H94 6
o} Gyl 7151gE A(3)2 o]-8ato] ALk HTHIE 2(b)).
Osi=|6s— Ol 21(3)
A7 BA7) AREARe] FAA YR AH-olls Osu
7k 07} =w, 4% J ool A8 S B benZt —90°
oAl 0°AFo]9] ZhE, LEZK Foof X U Fl=

foir= 0014 90°A10] 9] Zhe LERA] Eick. & Aol A
SH7h 17) AeRe] ol 1A Qlrka 7Hg s
Tl for7h ~90°(Q1%)HTE Holx| 1L, 90°(. 2% KT 7]
A= 9ol dlolE S A otk 1Y 3L A 7
© 24 Ate B2 95 AW s woFa 9ok 1

kHz 29 o3t 4 7F4 Z=(minimum audible angle)
+ 1°-8°¢1 Aof| 7IRkstol[9], & tollds EA7]-2pAke]
ZEE -90°-90°0] WSlel 4] 5% WatA A A ZEg

Speaker (Roger)
° o -] °
° C °
] -]
o 1 o
o
.° te "
o b 0 do
o . 1 P .
B A oodeos, 452.° o
° \\ @09 : °°e // e
L) eq\ 1 /99 °
% ee \\ 1 // °° °
o 00 ! 09 ]
. 0 Hearmc AldS ° )
2907 ¢ ﬁ 590 °
e A-=—=0 == ==0-=—= ===~ SN - —-———- = ————e— - e]
A dug !

T8 3. 3540} 27 AL} Ajo] o] AT (Geot 1] e

X47] Ag)&E Ae =4S 93 A /R %, dys= 0.50, 0.75,
= 1.00 m= AAg

Fig. 3. The experimental setup to measure an accuracy of

relative angle (6sp) and that of loudness gain change in

accordance to the position of speaker (Gsp).
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Table 1. The Lookup table for the binaural loudness gains in
accordance with the relative position of speaker.

Position Output gain (dB)
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Fig. 4. (a) The measured change of absolute azimuth in
accordance with rotating the geomagnetic sensor from 0°
to 180° by 5° step and (b) the error of relative angle (6sp)
in accordance to distance between a speaker and hearing
aids.
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