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( Development of A-ABR System Using a Microprocessor )

3 0* =) * =) k% A =Y *k% = fe) &**** o**
Y& Y, A A, AT, AL ET Y9

’

(Hyung Wook Noh, Tak Hyung Lee, Nam Hyun Kim, Soo Chan Kim,
Eun Jong Cha, and Deok Won Kim)

(@] [=]3
£ =

SRS Y E8 AHA Fololtk o] Al WY MEE Al 10009 4 T 1~39 AEZ 49 ¥ olde A
¥ golrk 27l) wAEG $499 A7 FoE 4Y 4 9o, aF 28 49 dojs) B4R 2 B
od AL TAZ AMolE o2 B MUY YR AUANE 2 g Hn WREAY £/2RE 9P w2o]

FHolet @ & otk 7189 $5 FAUAL NS Age 3 %7} A AR FAA SEaA o, Fx
WE M3t o] ARG shsaol AN mEb B AFANE URGRE AFOR BE5e AFE oS Ren
A Ao, B /1E ABSH 287 Yoo] FUsoz ALstel Al ohd Y BANNE A} H5eEs
Hol uek frotel 4 FhE F2AT|EY Adstang Sk

Abstract

Hearing loss is one of the most common birth defects among infants. Most of hearing-impaired children are not
diagnosed until 1 to 3 years of age ~ which is too late for the critical period (6 month) for normal speech and language
development. If a hearing impairment is identified and treated in its early stage, child’s speech and language skills could
be comparable to his or her normal-hearing peers. For these reasons, hearing screening at birth and throughout childhood
is extremely important. ABR (Auditory brain-stem response) is nowadays one of the most reliable diagnostic tools in the
early detection of hearing impairment. In this study, we have developed the system that automatically detects if there is
hearing impairment or not for infants or children. For future studies, it will be developed as a portable system to be able
to take a measurement not only in sound proof room but also in nursery for neonates.

Keywords : A-ABR(Automated Auditory Brainstem Response), Hearing impairment, Ensemble average,

Iteration number, Evoked potential

I.M B A Ak 53 Loje] Aol AF 6749 ol 3o

wYHEE 2eAel B4 JPol MAE Jge

AL AF UL BU ASHOZ dojut @4 i Atk B o] AVl £ATFe] FoiAA gt
¢ AARNAL FAUAADA Ao A5 o dolESw wud] Tu A3 24 A,

15

TR, AAdgn BATEEEHA

(Graduate Program in Biomedical Engineering, Yonsei University)

T B AN o oJFgFstwa

(Dept. of Medical Engineering, College of Medicine, Yonsei University)

™A, HAYGE YE-AREAAEYTY

(Graduate school of Bio & Information Technology, Hankyung National University), A 27| &3 74
T B, FEOER e osrgenl

(Dept. of Medical Engineering, College of Medicine, Chungbuk National University)

¥ 2 AFe RAFANSE HAYE7EAFAGY Add st oAl A, (FALFHE : A040032)
Hedh: 20089104314, SRS Y: 2008912930

(111)



16 DOjARTZAHME 0|88t RNEYAZA AAH HY L85 9
dogels A% Fol FEA, Segolz wgstA o AP F wAE Yol REF AL F
go] F4A Ago] BrHsaA Bk BPSAE A FYgoz ABRY FF& P& Wt 2FE WY Ut
Aotol e A AEPAL o FolAN g Aol FAol AN weA g AFdMe dHrE
A gRRe A4 GRABAE AT UAL] AUl AFoz BEH ZHE 9 + Y= AsuR
AA7} H1 WAL Fo} dHoz AeARE o]  Fgth

Boh o 2 Azte] Arx & Ao

WAL 7P B3 A4 Fololth o Ao uhy I.e2 B

HEE AARCZ Aol 10008 4D 1~39 AE
olt}?™d Zulel AL 2007 EAAY EA w=d

FAo157L 50wt olgrtn doi = od 10009
AE7F AR dHE 7N gojdr & & gl

o WAMEE Aol Y2 AP A
T 9E UEHY AWH gl 4B, AYAERT
(10003 24 3 002%)% A7) RAZF100%
24 029)% MlEs) BR B Fe PHEYL

2 0'
T

Ao AHY 3L 27] froprld] EAEHE
e 27l wA=HA 35, Ao 5%
A Eot o] B3-S n57]3e v, AL

T AT Ao RN AR Vs LY F ¢l
o oj¥ AHE ZAZ JAoLE Yoz F A
4o A e & v E Rt

Aol wEg NAAIIE B S dF AAe B
T 18~2470E W] AAetE ez AAH, BT
AE $3F FTE L Bdo] Ay vhAok
A7k o A AF 69 ool FY &4
& 27] AR7E o] FATH A9 A Ao T
2& 298 oo mEl oy eI F4PdE

ol o
%S

,.
__%m

=y
ox M o mj o ad

P

743 fraoht Fobel dlof weke FWAF)Y) 8 =
7] Atk W3 =2 Ao Ay m g
Aux 3Y A PEe ZAHBRLAA

(auditory brainstem response; ABR)E 3zt A= of
3 & A9(evoked potentia)E ZA3E Aotk
ABRE 9Jirtago]l B7bed Aot e Fobe AHY
BHE ABHoz AN F s ® oz, HEPa
o] 37} JX|(hearing threshold level)E& A3} &
Adot. zE)a &3(pure tone) FF HAL B} ¢
G AEE Ag 5 g grrg °"b‘°
g A4 Al 3E8E g eR gelstd By Z
At E&3tr

gy o] 71E9 Wl F 7EX Y dA-e| Q)
o A HAE DA AldEE Aoty #3e o
A H7F Al NG H3t BA o] A 7HEA

%
=
=

L

=

o rio rlo —l>

g
%
=
=

j ==y
s
=
Lo

(112)

1. ABR(Auditory Bbrainstem Response) &l&
Hgxel A 2RAF(Click
sound)& EAEH FAl L FGAZAA dovt=
A714 WH3E Ty BHATE o &3ty 7Fde
o4 y)2ahe AZHe 19 13 o] 2dAF
& ANALZHH 10msAtold) AN g 7]Z3HA =T,
F2 peaksd 59 Latency(28A=E& E8F AIAE
o2REe AAANHE T8 FHY FFE WEI
Unikelel AL Avt A S22 SHo] HAW f

ABR screening<

A
Kel
=

ofe] ZASd= YriTe] BbsIEE, %"}9] 24
HAALE YdAE Ad 29 AAL=E SHFI TR
A dAEE fabd Sl (evoked potential )é— 2R 3=
ABR #HAFE AAEer g} 28y o] Azt W
5 zZto} AE H#F (Ensemble averaging)S 3HA =
o, WHE 357 Fobgel wel AR A4 A9 F

S8 A7 2T} T wRx Qo) HFstH AV}
Z0]5°] SNR(Signal to Noise)& £2 4 e,

10

a8 1.
Fig. 1.

2 4

ABR Az 9| HE|
ABR signal form.

2. A A" Y
ABR A2l A FF7], wto]AZ Z2 A4, LCD
A BEoZ Uyol B 4 gtk LCD (Micro Control
Pia, Korea)e Z2%& 3Hez EYsls FAld HA
238& o] &3] AA A2d Ao T JHEEE
TG vo|ZZZZ AN A E A/D(Analog to



20099 3E MX-ZE3

o Clik Sownd Geaerato

Amplfier
& Fitter

AT expvirsion

Graphis LCDY

3 2 ABR AlAH SER
Fig. 2 ABR system flowchar,

Digital) W% A5 50| sk} 113
2%5¢ $93hu, ABR Al2dle] 58S
A% @A Aol 34 A2E st
UL"O] %BL;QT}E_
7oA HEM
o] Eo] njoj
ok vz
AsA =8, A%
Ao .

4=
[=]
g

o

Z27

7t SHEof

ABR A324& 943 stedols 19 33 o] F
Rsdrt vhola 2 ER A MSPAO(TL USA)S Al
At en, 2 ofe AXHA3WoshTEF 12bit
ADC7} 7V538h, DMA(Direct Memory Access)”} Wl
FEo] gla E=g R W2Ert dKBEA A28 TF

ol FE87] WEo|th vlo]AZIZ A M9 M <l
2 1% IAR Embedded Workbench v3.42(IAR

system, Sweden)& 7o g2 o] FEHIIT

%7

38 3. S=Ho 74 (a) Dlo|IRZRAA|
o) EZ7|, (c) LCD
Fig. 3. Hardware Composition:

{a) Microprocessor, (o) Amplifier, (¢} LCD.

=2X A 46 ¥ SC H

(113)

H2z 17
¥ +5Ve -5VE Aoz AE3lEen, ABRAR
S uve ofF Fe nlHE Asolne, H4E 10% aﬂ

-

ALY ZFEo| e =3I} AL E A
30Hz~3000Hz9] S && 7HA 3 gl g of g5
Bzt we et e Aol 23e Bl 9%
2ol 4gg Bol v H7] wid tFd %Eﬁﬂﬂ
At dasdn Y 2208 BN FFE A
¥ 30Hz high pass YE ¢ 60Hz notch ¥, 3kHz low
pass ZEHE AR F 243 E UYL EE Ayt
g 791%] 2719 LCDE HA =AY Aojddl ofst
o] who]lZ 2B AA S} RS232EAC] 7MEEEE i
45}k LCDYlE Arm9 embedded controller”} %2t =]
2o, Windows CE ojZg]Ale]A 7]yt ﬂ"ﬂ C# Net
& o|&ste) LCD3MHE Y fAiF 75 dnEEFs 7

3tk

or[

=

L, AZEYO
Al2gl kel A MSP430

{ e )

IR Sha—

'5
Rl

=

A

Z2 A o

o~
Stop Watchdog Timar HEes 3
4
&7i8
1LERAM oRdR AW MEiE e
2,PIN-RFBYO LG8 - Impedance &%)
asplg RE RE232
ENT (Rl E ) Hei=1? A-ABH |/
) ¥
DREW MENY
EHOIHAGH Y
{XFRRIPe 10,1 H}

ﬂae:sw?y

e *

RRLY - AHY BRI B W
F6.00; High®d 2, 100usH LowR
L2

Xiil | ;

B LR X
GetFremel):

ADCH B-ADCIY R A E
TimoB ot ADUIZERIHRAE

DMAGE Y ~ ADC1ZY HBH E Flagl DMAE RN RS

ADCE IHO1B17} DMAGE S ACResults®l MBE ¥, NowFrame1 2 gk

YRR

o Newframe=1018
O R

A
Hosuites = ADReSuls

EH R <terationtiymis

)
HewErarnes 8% prrs

Resulta® herationNumber®
L HBPLE LCDYEM
IHEE BAPC

o8 4 =ZEY BEX
Fig. 4. Program flowchart.



18 O0[ZRZZHME 0|8

] L 1 |
(a)Click Sound(10.1Hz, 0.1ms duration)

A0MS s

a3 5. Click sound &8zt S7135}
Fig. 5. AD conversion synchronized with the click

= ADHE

sound output.
Stimulus
émtl W ’3““‘

Signal 1
..Fhlqrp-llmnlnh,n—\d.,. Signal 2
-,_..,_,rz.lmllm..,,...... Signal 3
L) L]
L] L
L[] L]
..!,m.‘.[rulﬂmh.n_‘.... Signal n

S1+S2+Ss+-+5,

—~ N~ <

a8 6 alE e 3P
Fig. 6. Ensemble averaging procedure.

AHel =272 JAR Embedded Workbench v3.42
£ 7R R 3t 19 49 Zo] FEIT LCDY
HX23Y 715& B39 A-ABR SAA & W3S U
A =Y, vlelAR T2 AN I HHE AN F
click soundg& £¥3dth o] AFAE L2 ofg e 19
5l & F UKol FH5E 101Hz, Durationd
01lms7t H=& AAsPon, FZ7|28H Yo e &
g N3 A/D¥E-E Click Sound A 29} %713 Ho
10ms T4%HE dolHE ©& F U=EF FHIFH.
A/DHEE T3l tlolHE A HH SNRE =¢17] $
3 GEAERT guFE o8 MNzAHs "o
o ¥ 62 GAEHT neFY HEE 1dd U

B NEY

(114

HAF Al AY 7yt TH=2 9
VARIANCE OF A SINGLE POINT AVERAGE OF N me
FROM SWEEP TO SWEEP :

- V\J\P\/ij\/\w W

1 3 H

VARIANCE OF SUCCESSIVE POINTS
2 '\“WWM IN WINDOW OF AVERAGE
¥ VAR{s)
s W\}V\d\/
VARLsp)
a3 7. Fsp B4 ¢12E
Fig. 7. Fsp analysis algorithm,
Fsp DISTRIBUTION
- 'm ¥ ¥ N # £
L w e t :
§ ot = Fep=1.T1
- 95% fractile
B H -
/

N ,
2 / |
o, e : ; ;

0 05 1 15 H 25 3

FoVALUES

38 8 Fspi#tol WE FX WEE

Fig. 8. Cumulative percent as a function of Fsp.

B Rolth o] HQl
& 74]%402 %%

Véﬁé F A 51?‘;

uZ v
°l’a‘7~<1
A2 Rlof A E‘P—"r%-r—
A EX AR E
TaFoEHN HY x]7} }-Zﬂb‘}bxl AEoE A5
=& Atk Fspe ABR 2139 Fd(quality)& %7}
3 Aoy, 1Y 72 Fspd AMHE ¢33 VAR(sp)o}
VAR(s)E Yehd Aolt}h VAR(sp)e 48 A= o
& Ztzhe] B3 59 d99 1719 pointEel e £4F
< YehiY, F&S F3sed ARgsiith 29
E5E 479 gYPsY ¥Eo] Al Wi o

gtol F7FetAl Evt. VARG)E EE H¥E°] YT d

°]

Azol o 24 UehiE, Ass e TS
9m ABRUHO] F3shl L124% of e F7ha.

Fspd #& VAR(s)E VAR(sp)E o] 4A =4,
o] gtel wal HYate] B E BE5]A %q_[19~21].



20094 3@ TS5 =X M 46 A SCHAH 23

IR oA BEL AAE Fepol 71E gkl Fa
7] HEA AFATAN JYRAL A Aoz B
9e 50789 A4olE Ul ABR testd AW
oh 7 33 29 89 2ol Fspgtel 177 4 A% 95%
o1l AL 2AU? Jelae o2 =A% I

3. 4

2 Al&Ee HUME A FYo] A A 94
322 ABR Screeningg 33ttt FHoA 54
T e IR did 2&E AGE) st Ao}
A8 AA A 98 AgHE A3 AYE oldE
EAR-3A(EAR Auditory Systems, UK)& A3t 3

ANA 2EAFE QA7MFT B3 &g JFo] gl

A5k e ASE wns) 1) ste) oojE s
AdM e FHAME Z4& stodwgkt} Active
AL A=3k= A mastoid, reference AZFL o]w},
ground¥ =< Z=Fete Zo vl mastoide] BFE
3t AP A AHE FAEA A,
< % 38T A&E

FLANE Click Sounds} ¥713F FwA A/D W
Haow, kgl MSP430ol A T3E A4 T2 A
Aol dJaf 15003 FAE FFEAs @ F LCD 84
o A% A32X AU} Peak N3 E HEF
{2 Peakb7} UEhd = i =7 F3F YoM Hu
7 He AME FobA PeakbZ RAHES 3
g Fsp ¢ o dH a5 utg}
T Fail2 EAHY 2EHEE A5G0

T

pu.

}B],

3

R

=2
=

m. &

1

RAANA 29AFE A7

ag 9

oY 74
Fig. 9. Experimental setup.

(115)

19

a3 10, HAE Zo 30 (@) AL 2838 £
29, b ZIEXIL ofF xElE EX| %2 FT

Fig. 10. The screen of the test results: (a) In case the

subject heard the click sound, (b) In case the
subject heard nothing.
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