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Development of Ambulatory Audiometric System by Sound Pressure Level Calibration
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(Seung~Won Shin - Kyeong~Seop Kim * Tae-Ho Yoon * Sang~-Min Lee « Chul-Gyu Song)

Abstract - In this paper, we implement a PDA(Personal Digital Assistant)-based audiometric system in order to estimate
hearing threshold by adopting both pure-tone sound and speech audiometric test system. To estimate a subject’s hearing
threshold in an ambulatory audiometric test environment, an efficient sound calibration scheme between a PDA and a
headphone device is proposed by appling polynomial fitting algorithms in 8-banded frequency ranges.
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Fig. 1 A Flow chart for ascending hearing test
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audiometry
group 1 | ““group 2 . group 3 group 4

17 1268 | 1.8 (268 ] 1& | 268 | 1.2 | 264
28 |27 | 25 |27.8 | 238 (278 | 2% | 279
3= |284h] & |28% | 32 [28H | 3% |28
49 [292 | 458 1299 142 |05 | 448 |02
5% (308 | 5% [30.% |58 [3044]5%8 |3
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9F [34d | 92 (342 | 93 |48 | 94 | %A
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12e 1375 1125 |72 | 124 |79 ) 124 | 37y
13 | 384 | 13.€ [ 386 [ 139 [ 387 | 13.5 | 380t
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23.7) | 484 | 23d | 4B E | 239 | 484 | 237 | 48
24 | 498 | 24M | 405 | 249 | 49.F | 24.2 | 4950
254 | 5070 | 25.% | 50.2 | 25.8 | 50.82 | 25.&% | 50.2
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Fig. 2 Ambulatory audiometric system
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Fig. 3 Protocol for pure-tone audiometric system
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Fig. 5 Protocol for speech audiometric system
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Fig. 6 GUI for speech audiometric system
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API(Application Program Interface)& A}&35ted PDAY] d)
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UR_4K [ UR6K | UR 8K | ML_250 [ ML_500 [ ML_1K | ML_2K
ML3K [ ML 4K | ML 6K | ML_8K [ MR_250 [ MR_500 | MR_1K
MR_2K | MR_3K | MR_4K | MR_6K | MR_8K

(c)

XD HLO HL_5 HL_10 HL_15 HL_20
HL_25 Hi._30 HL_35 HL_40 HL_45 HL_50
HL_55 HL_60 HL_65 HL_70 HL_75 HL_80
HL_86 HL_80 HL_95 | HL_100
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Tableol§ | ¢hod 1 | S0 2 | ©HOJ 3 | =tof 4 | ol 5
chol 6 | =to] 7 | Hof 8 | ©Hoj_9 [ ctol_10 | etol_11
cro]_12 [ ctof_13 | o] _14 | £tof_15 | ©tol_16 | ©Hof_17
cho]_18 | ctof_19 | o 20 | ol 21 | =to] 22 | Bl 23
cho] 24 | £to] 25 | ©ho 26 | ©tof 27 | €tol 28 | £Ho] 29
chol 30 [ =to] 31 | ©to] 32 | ctof 33 | £tol 34 | EtO]_35
cho] 36 | =hof 37 | ©to_38 | ©Hof 39 | ©tol _40 | £Hoi_41
cho] 42 | =to]_43 | ctoj_44 | o] _45 | ©to] 45 | ©to]_47
chol_48 | ©hof_49 | ©toj 50

(e)



E 28 A4 ULAAZASE g $337 we
e A% HY 9, ‘URIMAFATE JHE #3357
< *JEM 2e® 34 94xg ez, MLIHEFT
= AdE sAY ”Eﬂgl 9= Y 9%, ‘MRAAFH
= ANE $Y9Y 02% 3y 92 Jehdd (@A
‘HL_&'& Z+zte) °°J%§. A9 E $q8 Age) Az
2EZ g9 AHE F3slA X AH] =N @
2% WERANE BT XS BFAG =8 (e)dA

%ﬁm@

‘Wol_u3'E E 19 @Fo] wed gy M ne v
o
o

Uehdth 29 72 oAl Z213(CeDbView)S £
gujolzg) 729 & udzg.

9, N&N

f{’Db\':ew Sample Appit er 4% 4:47 €3
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DATA:

|
I
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3
sl

ObjStore Help —# ¢ oo & ObjStore Help —b = =i

(a) (b)

£ |Dbview Sample Appik &F 4< 5:06 €3
3 SpeechDB B
2] 020001

21 Oxbe001f

0xa1001f Oxbf001f
] 0xa2001f | 050001 =
0xa3001f =] oxc1001f
3 Oxat001f 0xc2001f
0xaS001f | | Oxc3001f ]
i i {1 0xab0O1f ~! = £ Oxes00yf -
Record:. 3 ] Record: O: =
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DATA: DATA:
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Fig. 7 Examples of audiometric database.
(a) EX} o ol &l vl O] A(PatientDB)
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{c Ha AL A3 ool edd ol A(SpeechDB)
(d) ol o} &4 14} O} A (WordDB)
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ojg} & gojg o) xo FAHor dxo} AHALAY A
AR Y Sate] AY AL Ay o & A Zald FRHE
€ 58X Z ALY F Yok

25. 8¢ ¢/&8 "X (Sound Calibration)

dA del AHEH3 lE PDAS =28 1 AE 7y
A webA Alkz §Adol 7—}74 d2zg, 22 2 /&
AN&dE b8 ddets, A Fabd A 2L &
gatA Rabs A0 24 £ Ao weEkyq Zze) JFE
B9 AlYe 2= &3 FTYE 2AHSE AL Nz
Aol Frh B dFedME £¥ 49 AL Ysid

PDASH Hl=Zo] MW, AAZ PDA A2gold £33
£ €2 $US SR AT A=BAN A B3
g 47 AN ST S Qe BHD U =

& dFaAth 23 88 % A ALE
‘?‘;—% BojFr

38 8 AE™ Fuo|el T Y MY FHH
Fig. 8 Schematic diagram of device for sound calibration
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) AF S X
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e &8 ZAse T8 CESVA A9 SC-30 Alg=
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29 Jfdke] Algd H AM hx4700 %] PDASH 539
25% A9 £ de 2H4Y FH=FEA Sennheiser A+
HD250 =de] sl=&5 AEsigich 43 Wi 2 Hzd,
dBE R 1034 &94& ‘i‘_":’ At AdAsA EFHHE
=l g AE HolH g =&sln, E4Y AE dojg s
e Ao AgR FAYLS ’i'l%o}al FZ9 dBEH
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Y= 20 * log,, X 6)

7144 X &3 949 AE dolgoly, Y= IE

9) dB ¥ ©o 1 olt}, A EZeo dB WF dolEE} F& A
A &gkl old B3] dB BAAE HE3to Aad €k°]
t}, o] HloJEEE MATLABS polyfit, polyval %%
3 ZA 2E(Curve Fitting)S F33td 2+ a4 gg /g
A —°—%‘°ﬂ t“*o—El“ AZol dB ¢S =28 & Y= AY
W 34 =58 IE dBE o Zads W
£ E3td -?JEH/] oz st FId 2% 2L A
g AZ dolg g AL £ 9t

3.2 o
3.1. 3¢ /&2y 2¥ Ay

AA F¢ doleg 1o dBYUE dolEHe e I
2] dloje] AL sz AZ) dBHE UHolEE £3)
of A4 E¢E 3% 5 Yk T AEE FIA =& T
Ay BANL date S4E o83ty f9 &% A ¢

2 Fel ol&5HE IE HolHE =&3=F vl PDAS
=g TR ALl wel AAE AY YANE =53
W d3te el 88 e AE HolHE =&Y F
At ¥ 38 7 Fo 42 A9 A3 golgd o =&
g 5y 48 g

4

x 32 FuYa TEE HEY 54
Table 3 Fitting equations for sound calibration

Fabp(Hz) EEEH BHA
250 y = 1.0207z +5.1405
500 y=1.0127x —4.95
1K y=1.0092z —7.0744
2K y=1.003z —13.159
3K y= 1016z +0.4608
aK y = 0.9989z — 8.9792
6K y=1.0176x + 2.139
8K y=1.0280x + 11.3245

T2 02 F2.g &Y olfE A dHoly
71 13 *d‘o WA Ale] He 7}111' Q3,22 ¥ 3z A
A3 v m A Hoje g FIkAAE F4
Do) o3 ezt A9 310\«} AAR SAZHA 2
S dlelg T2relA 239} 3x A4S 2AUF AXE
Aol 7] wigelk 2 9% 250Hz, 27 102 2kHz,
3 118 8kHzolA ZF Apd 49 dHolHE vudh 1
HZE RAZT £33 B 45 =59 HAYE o)8s 7
& 2 Foged AZ o] dBRE BAEc 29 99 17 10,
ad 1A AA A9 doly FeMe} g =ze 7
At B wlolE e At A WASHA] Estey, &
AHA X Fe AT =L FGFAAME L4
A HAEE & F ok

Me de r
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250 T T

amplitude (4B}

+  origingl data
1 —— 1st oquation
: -+ 2nd equation
. 1] = - — - 3d aguation
50 i i
¢ 50 160 150
Sour Pressure Level (48}

O3 9 250Hzol A Xt A{e] djole] 8|2
Fig. 9 Calibration of 250Hz sound data for 1st, 2nd and 3rd
polynomial fitting
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140

ampiitude (d8)

+  original data
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! -+~ 2nd equation
]1 = - = - 3rd equation

50 10¢ 150
Sound Pressure Level {4B)

a8 10 2kHzoll M xp= 5=4{2] dlo]g] vl
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Table 4 Calibrated sound pressure level in dB scale

e T RIS B OB B ,
S 1 200MZ 1 500HZ | K2 | 2kHZ.1:3kH2 | 4kHz | 6kHz | 8kHz
0 151406 | -495 |-7.0744|-13159| 04608 |-89792| 2139 | 11.3245
-5 110.2438] 0.1136 | -2.0284 | -8.1442 | 55408 | -39849| 7.2268 | 16.4689
10 [15.3471] 51772 | 30176 |-3.1204|10.6208| 1.0095 | 12.3147 216133
15 [20.4503| 102408 80637 | 1.8854 | 15.7008| 6.0038 | 17.4025|26.7576
20 [25553615.304413.1097 | 6.9002 20.7808 | 10.9981 | 22.4904 | 31.902
25 [30.6569| 20.368 | 18.1558 | 11.9151 [ 25.8608 | 15.9924 | 27.5782 | 37.0464
30 1357602254316 | 23.2018 | 16.9299 | 30.9408 | 20.9867 | 32.6661 | 42.1907
35 [40.8635]30.4952 | 28.2478 | 21.9447 | 36.0208 | 25.9811 | 37.754 | 47.3351
45.9668 | 35.5583 | 33.2939 | 26.9595 | 41.1008 | 30.9754 | 42.8418 | 52.4795
51,0701 | 40.6224 | 38.3399 | 31.9744 | 46.1808 | 35.9697 | 47.9297 | 57.6238
56.1734 | 45.686 |43.3859|36.9892 | 51.2608 | 40.964 530175 | 62.7682
55 [61.2766|50.7496 | 4843 | 42.004 |56.3408 | 45.9583 [ 58.1064 | 67.9125
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Fig. 12 Audiogram of pure-tone audiometric test
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Table 5 The average hearing threshold
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Fig. 13 Audiogram of speech audiometric test
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