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ABSTRACT

As the global population is aging, the use of hearing aids is expanding, and the demand for
technologically advanced digital hearing aids is steadily increasing compared to conventional analog
hearing aids, and major manufacturers are increasingly adopting digital hearing aids it is focusing. As
the capacity of smartphone batteries improves, the duration of hearing aid apps is also increasing. In
addition, since wireless handsets are linked to smartphones, smartphones have a sufficient environment to
implement hearing aid apps. Therefore, if a smartphone is used to implement the function of a hearing
aid, it is possible to construct a high quality hearing aid even at a low construction cost. The strength
of implementing a hearing aid app on a smart phone is that it can implement intelligent hearing aids by
implementing various types of algorithms. For example, you can implement a variety of additional
features such as noise reduction, high frequency conversion, acoustic pattern recognition, intelligent
volume control, feedback cancellation, and speech enhancement. Since there is no additional hardware
cost to implement these functions, it is possible to implement intelligent hearing aids at low cost, and it
is believed that hearing aids can be supplied to more hearing impaired people. In this trend, we want to
develop smart phone apps that are cheaper and more versatile than standalone hearing aids by utilizing
the sound processing function of smartphones.
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Figure 1. Components of a hearing aid
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Figure 2. Components of smartphone hearing aids
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Figure 3. Voice Data amplification procedure

20lE Z9] o] AZES 53 4] Ee o
Tt 2olt APIY media.AudioRecord AA 7} H3t
t}. AudioRecord A4x& F343F 4el= PCM(Pulse

Code Modulation)2.2 tjzdstd e Fez F
29t 999 &g g A8AY 24 FF A
Aol met FEHY. $FH &g g dERo|E
©] media.AudioTrack AA ol <A tA &gz
Aol PGAME Addnt. &8 %Y FZo 9
of FqT H2 FZ Ao HlolH WHE doA
SHERZ BAE & Yok gebA " s F3)
A FZ9 A & AEstol gt

(2 =74 tolHY Fy ¥

= 20 ~ 20000 Hzell 23
1yl o dA BF w2 FHaFde)RH

AL
YA ¥ dYol 2 s Aoz A

=
g
I
>
k=l

HN
K=
>
= g
lo
b
ACH
i
0
=N
=
>
=
il

4 E 3o

ok
In
& 1
i
IR 2N
e >
g
IR 2N
i)
>
T

1% 4 ¢4 dolE Fas W AR
Figure 4. Voice data frequency conversion procedure
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Table 1. Testing specification
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Figure 5. App interface
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Table 2. Performance comparison between hearing aid apps

wECAERE £
H]ﬂoﬁ v =1 a- =
Az | 2% | AL | A% | wgAS
I EEREEEREEEE
B9l | 8% | =2 | AL | olFetolA
o | 5% | 4% | Be -

i
¢

jul

-

E E9 BFE DYAAE FE3 B
® ohyeh A7t AviE E B @
k. 2 Eo| AFY HYE A
S $HANE F 5

o

2 2L Fe o

¢

S
1>

il
)
2

o
SIS

2

e P
=
£ 3o

=

b

23 o @ % 9
J

A AY dags

e
E
(e
-
°
=

oo o o
G
oo
ﬁ
rir
=

> X
o g N = o

>~

o g ™ o~

o oo

o =

= o <
e
ol

~
2
=
2
% oy
X
o
Y
)
re
olr
K-S
N

References

[1] S. K. Lee, Current status and prospect of
medical device market, Korea Electronics
Technology Institute, Sep. 2013.

[2] Hearing

and hearing loss, http://www.

- 75 -

(10]

hear114.com/, Korean Hearing Aid
Information Resource Center, Sep. 2017.
State hearing health insurance mandates,
http://hearingloss.org/advocacy/government-as
sistance, The Hearing Loss Association of
America, Oct. 2017.

J. S. Lee, J. W. Kim, S. M. Park, and K.
S. Kim, Medical device market research
report hearing aid, Korea Health Industry
Development Institute, Vol. 12, Apr. 2013.
Global medical devices market, Healthcare
Global

Korea Research Institute of Bioscience &

Equipment &  Supplies Report,
Biotechnology, Nov. 2011.

S. S. Jarng, Hearing aid application of
feedback

frequency domain,

cancellation algorithm in
of the
acoustical society of Korea, Vol. 35, No.
4, pp. 272-279, 2006.

H. K. Hwang, Frequency compression and

The journal

frequency transposition, Hearing Magazine,
Autumn, 2009.

Frequency transform, http:/
blog.daum.net/lung1810/69, Sep. 2017.

automatic

compression
Hearing aid environment
conversion program, https://blog.naver.com/
hhkhcc/220777537247, Aug. 2016.

H. 1. Jung, Comparative study of real ear
measurement and speech performance test
fitting
Sungkyunkwan Univ, Aug. 2016.

for  optimal of hearing  aids,
https://play.google.com/store/apps/

Nov.

Petralex,
details?id=com.it4you.petralex&hl=ko,

2017.

Ear agenet, https://www.appbrain.com/app/
ear-agent, Nov. 2017.

Super ear, https://play.google.com/store/apps

/details?id=com.liberathor.diapason&hl=ko,



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 13, No. 1, pp. 69-76, February 2018

Nov. 2017.

[14] Y. S. Hwang, 4 study on perfor -mance of
the companding algorithm  for digital
hearing aids, HanYang Univ, Feb. 2011.

[15] H. D. Kang, Y. R. Song, and S. M. Lee,
A Study on the performance of noise
reduction  using  multi-microphones  for
digital hearing aids, Journal of IKEEE,
Vol 14. No. 1, 2010.

Jae-Ho Kim received the
bachelor’s degree, the MS
degree and the Ph.D. degree
in the Department of

Computer Science and

27 335 WHI)EL o] 4 AnjEE

BA7] A A

fEE T 8w £ ZE o] )5}

o R AThE £3 dFhs 24 oo E7}
(<) E

4]

i

o, rlo
™
ol

r

=

m

el

lo

L

1

2

2

)

N,

T

~

ofr

[o
poTrl
ooy

fuf

Ry

ot e (> o

—_
off

ol
—_

Ru}
1o
e
S
)
N
(o
—
r‘e[‘:
o,
R
N
off
ofl
[
ST
-
el

N
5=
N2 ok

> >
o =
o m
rr 1
-3
fr o
~
2
o
—
e
ol
rir
o
o
lo
S R R SN ST -}
o
%

o o O
oo
2
[rt

iy mln
e
el
BN
=
=
r

dlo
ot
<l
o
N
— o
N
ofr
il
o
—
=
1ok
+
%0,
fuj
o

>
N
2
Y

oot
me e
o

s
o fz (o of o

2
o

o ol o,
N
et

20 4

st F7he stEdof Hgol

02 A%Y BA7|Y FHo
GAAENA A7) Hyo] 7}
Itk ol2|g FAlo] uet ~ntEE
& 8ot 5YY BAT ws)
S Zte 2nEZY 48 AN

N
-

&
p=]
=

b 2 ofoo B oo
oo = o
oto

B

AU

o 2o
[
£

o
(o

2 10 off off XN W dlo ok
o
=)

I
S =
ok H
Mo
o2
o
N
ofr
lo
N
r

ol
ol

- 76 -

A B Engineering from Chung-Ang
University  in 1988, 1990, and 2004,
respectively. He has been a professor in the
Department of Software at Gangneung-Wonju
National University since 1997. His current
research interests include semantic web, web
framework. He is a life member of the KKITS.

E-mail address: kimjacho@gwnu.ac.kr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


