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Abstract

Research of Digital hearing aids

Specification test, Fitting and Directivity

Kwon, You Jung
Advisor : Prof. Jarng, Soon-Suck. PhD
Dept of Control and Instrumentation Eng.,

Graduate School of Chosun University

This paper describes two aspects of digital hearing aids specification test.
One 1is fitting and the other is directivity. These two functional features of
digital hearing aids specification test were studied in both theoretical and
experimental methods. The most recent trend of digital hearing aids
specification test is described in chapter 2, and the developed fitting technique
of digital hearing aids is explained in chapter 3, and the directional hearing aids
are researched in chapter 4. In chapter 3, DSP chip parameters of a digital
hearing aid (HA) are to be optimally selected or fitted for hearing impaired
persons. The more precise parameter fitting guarantees the better compensation
of the hearing loss (HL). Digital HAs adopt DSP chips for more precise fitting
of various HL threshold curve patterns. A specific DSP chip such as Gennum
GB3211 was designed and manufactured in order to match up to about 4.7
billion different possible HL cases with combination of 7 limited parameters.
This chapter deals with a digital HA fitting program which is developed for

optimal fitting of GB3211 DSP chip parameters. The fitting program has



completed features from audiogram input to DSP chip interface. The
compensation effects of the microphone and the receiver are also included. The
paper shows some application examples.

In chapter 4, two twin microphones are used to produce particular patterns
of binaural directivity by time delays between the twin microphones. The
boundary element method (BEM) is used for the simulation of the sound
pressure field around the KEMAR head model in order to quantify the acoustic
head effect. The sound pressure onto the microphone is calculated by the BEM
to an incident sound pressure. Then a planar directivity pattern is formed by
four sound pressure signals from four microphones. The optimal binaural
directivity pattern can be achieved by adjusting time delays at each frequency
while maintaining the forward beam pattern is relatively bigger than the
backward beam pattern. The simulation results are verified by the experimental

measurement.

Keywords: Digital Hearing Aid, Specification test, Directivity Pattern,

Microphone Array, Fitting, Noise Reduction, Boundary Element.
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Output [dBSPL]
Output [dBSPL]

" odoo ' T i 0650 700 750 B
Frequency [He] Input [dESPLI

a9 2-15. HAF Ao o gele] Buw, o wES 2 3o gAE 7
AEE 29,
5. FONIX 7000°] 93 w7 A1d QA
B =2 A¥E wwdr] 93 Wdyor 7|E9 mnAs] AF AA A=

AR5l RA7E AE AAE YT o714 FONIX 70000 & H A& ol w37

e A AACl wa) hefs] dwstaak @k FONIX 70009 =8 742 v+
a9 2-163 Zth

o Frye FONIX 7000 System o AlAANWHE : AK-T-06-004

o FONIX 7000/ANSI, IEC60118-7 o TE AXZEg o W 142

o Microphone : M1950E o Coupler : HA-1, HA-2

o Acoustic Chamber : FC7020 o Microphone Calibrator : QC-10
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10.
11.

1Z.
13.

14.

16.
17.

O5PL 90 curve: Full-on gain frequency sweep taken at 90 dB SPL.

RESP 60 curve: Reference test gain frequency sweep taken at 60 dB SPL.
SPLITS curve: Frequency response of the telecoil.

Aid type (selected with F2)

O5PL 90 MAX: Amplitude and frequency of the maximum output of the aid.
OSPL 90 HFA/SPA: Three-frequency response of the OSPL 90 curve.

HFA/SPA FOG: Full-on gain three frequency average and the amplitude at
which it was taken.

RTG Target: Target reference test gain

RTG Measured: Measured reference test gain

E} Inp MNoise: Equivalent input noise measurement

Resp Limit: The response limit level is determined by taking the three fre-
quency average of the RESP 50 curve and subtracting 20 dB.

F1 is where the RESP 50 curve crosses the response limit level on the way
up.

F2 is where the RESP 50 curve crosses the response limit level on the way
down.

HFA/SPA: Three frequency average chosen in the HEMNTI.

TDH: total harmonic distortion measurements and the frequencies and
amplitudes at which they are taken.

HFA/SPA-SPLITS: Three-frequency average of the telecoil frequency
response curve.

. RSETS: The difference between the HFA/SPA of the microphone response

curve and the telecoil response curve.
Battery Current measurement

I/ curves: the input/output measurements taken of AGC aids. Only selected
frequencies are tested.
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B. FONIX®}¢ ZA3 Hlu
3% 2-12 FONIX v et 7id AlgdA4xr Av] 54 435 vug 32 ®HAH7
el oF A T AFAR/EAFAKTL)H 2 =FolA 7fetd Al AL
ZH] 18] FryeAlh2] FONIX 7000 2.3 7] AR AuH] 37k 2 421d tAE 1A
71 Al HAF & Aoe A9 vl stA YEldOE AS & 5 o
3% 2-1. FONIX vl 7l AJdH3A v 54 23 v
4Channel Digital HA (Gennum GB3215)
o , KTL 7 Frye
= 3) RS o
G A BN oA FAAEY (AP AR | FONIX7000
AdEY o dB +3dB
(OSPL90) SPL o] &} 117.0 1141 5.7
HEd Fdud dB +4dB
(HFA-OSPL90) SPL o] f 140 1134 114.3
A& Fols +5dB
(Full-on Gain) dB o] 49.0 49 463
Bt &Feols +5dB
(HFA Full-on Gain) B o] 5.0 A 46.3

[}
=g we Fl1 f?“}/ 200 125 200
(Frequency Hz

— [0}
Range) F2 Ol]of 7900 8000 7360

o]

GRS adn
(Equivalent Input Noise Hz o] 3 26.0 25.9 24.1
Level)
Ao 500[Hz] . 3.0 1.15 12
(Total Harmonic 800[Hz] % 015 3.0 1.32 1.2
Distortion) 1600(Hz] 3.0 195 0.9
A7 o) AR +20%
(Battery Current) mA o] 5} 120 120 122
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(LP) ¥, CH 2 = W19 &3 (BP) ¥, CH 3 = "9 &3 (BP) Z¥E, CH 4 =
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Fgoz dd FARAY T2/ $7 G5 Il fAAA S FHol wiEol

2

z+ g ¢ X9 FAE = Butterworth %3S wWEt. A WA o= 32 A
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A9 53 dH =2 A Y. (sznd‘cf:colxLP‘“h‘cf:coz)x(sznd‘cf:colxLp3fd‘cf:(:02), Al W

R

A Adel= 3~5x a9 F3 FEe 2~-321 A9 T3 dH=2 FAEN

(HP3rd|cf:002prznd|cf:003)x(HP51h|cf:002xLP3fd|cf:003). v WA Aldos= 2~5x 1Y

= =

2y Pg g FAHC} (sznd\d:wa)x(Hpsm\cf:cos)_

= Cross _
Cross Frequency3

Cross _
Frequency 1l Frequency?

Channel 1 Channel 2|Channel3

' Channel4

Amplification [dB]

Frequency [Hz]

a9 374 A9 gxdg "FHER 77 A9 U oAd.

¥ 3- 2. Butterworth tA|¥ ¥ F4. N = x4 [17]

N N™ order Low PassFilter N™  order High PassFilter
Eve N/2 > N/2 2

= < H(s) =
n R D s? + 2w, cosg S+ o) © D s? + 2w, OS¢, S+ &
Odd w. (N2 W s (N2 e

H(s)=—= 5 c H(s) = l" 5
stw, Ll s”+2w, cosgs+a s+w, |4 s°+2w, cosgs+u
_ . _(k+0.5n
o}71x fi= F3% Gk Cut off 535, =21 S=]e AT (N
kn
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SelA Gennum 3211 A 39 Azs Fwr seulEE AA=d 2
CF #35E 16~19719 nAH F355 FolA Adsil fAvhE 3-2). £ 4
Ad & zhztel Adnitk 4709 sgnEER AEdE Y g FHS FA e
5 Hojqlth. LTH(Low Threshold), LLGAIN(Low Level Gain), UTH(Upper
Threshold), HLGAIN(High Level Gain) (Z3 3-8, X 3- 4).

-3. Gennum 3211 H9 A M9 ux FHFE5L 16~19/19 A FIAFE9
=]

W
e,

CF110.3]0.315(0.335]0.355|0.375]0.4 {0.425]0.45 [0.475 |0.5 ]0.53]0.56 [0.6|0.63 |0.67 |0.71

CF2 (1)'FO.75 0.8 10.85 0.9 10.95|1 1.06 (112 |1.18 [1.25|1.33 |1.4|1.5 (1.6 |1.7 |1.8 |1.9

CF3|2 |212 |2.24 |2.37 |25 26528 |3 3.15 [3.35(355(3.75 |4 |4.25145 |4.75|5

140

130

120

110 [HLGAIN
i

100

O/P [dB]

90

LLGAIN
80

T

a0 LTH YurH
0 10 20 30 40 50 &0 7O &0 90 100 110

I/P [dB]

a9 3-8 99 iy 2 g Alole] wAdY = A LTH(A 9 A]),
LLGAIN(AH Z%) UTH( ¥ 3]), HLGAIN(3Z = Z),

_55_



i 3-4 HAY 45 124 v g [dB]

LTH1 30 + 2n (n=0 to 35)
LTH2 30 + 2n (n=0 to 35)
LTH3 30 + 2n (n=0 to 35)
LTH4 30 + 2n (n=0 to 35)
LLGAIN1 18 + 2n (n=0 to 30)
LLGAIN2 18 + 2n (n=0 to 30)
LLGAIN3 18 + 2n (n=0 to 30)
LLGAIN4 18 + 2n (n=0 to 30)
UTH1 40 + 2n (n=0 to 35)
UTH?2 40 + 2n (n=0 to 35)
UTH3 40 + 2n (n=0 to 35)
UTH4 40 + 2n (n=0 to 35)
HLGAIN1 18 + 2n (n=0 to 30)
HLGAIN2 18 + 2n (n=0 to 30)
HLGAIN3 18 + 2n (n=0 to 30)
HLGAIN4 18 + 2n (n=0 to 30)

whekA GB3211 3 Ul SEuEE FolA A dge e AR~ Fug o
g HER 1AL 1] Y b5 FdeavEHE BF TAvd A48 & de
W MsAES EF 2de B9, CF1(16), CF2(19), CF3(17), LLGAIN1(31),
LLGAIN2(31), LLGAIN3(31), LLGAIN4(31)Z 5§ 479 719 7FsAol g + 9l
(479 =16 x 19 x 17 x 31 x 31 x 31 x 31). T3 & F2& 3749 Ade &3
12709 sevlE WSS BT aestd AMEAY Fade =g Jhesld
o a8Eg 2 =foA HxE ste HA gdevy F"o)d Hde vy
ZHR dites TF 3 FAEHE 2B F4)0 M FARE vAg e 9EH
S FAeol oA e Aoz QokHt & oy tE IevgHEY 2Fo=

ZHo] FHHEE 7] 98 M HAHsuw 43
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a9 3-9. HY FAOIE A B =FoA sdtd g8 Z2 e o) T
A IguE IY(He AA) 23 F24 40 dB 4= dE, 254 60 dB o

2o Bl 80 dB 4 g .

d. vtola 2 &3 AIH9 BAY

U WA b= vpela=Ea gAY 23 235 AAsHA Al s dA ol
o ¥ 3108 mhol AR EF AW Fihg S FHL molEuh

qhofoll obA 3eAlC A Tzl FH A selwlE] 9" Aol wpolam E} 2 AH
o Eq% B 540 FAAA =W 1 AdE 19 3-113% go] dehdrh a9
M melFEe] vholaRE A M FA At 2 oA HW A&
BAg7le sj=9 el Fa Qdcle] vt wEbA Gennum 3211 FHolw =4
TR EZRE AAs 8 a2y Fu AP RS dd 409 F4AHA

Biquad YA ¥ 50l W&ol iy 3-12).
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EM4346 Microphone Frequency Response

ED3146SAT Receiver Frequency Response

k3 1o
P — p
0 T =
I T v
o JET ) AU SR SR (S S N S 0 G SO SUR S SO
g RIS 3
; = a5
-4 <20
-6 25
-8 a0 .
-1?01 : .103 .Fl'equency [Hz] .10" 'asmz 10° Frequency [Hz] 10t
(a) EM4346 microphone (b) ED3146SAT receiver
29 310, sl 2R ER AN FA5 S AL AH S,
z=zg Eh
=== 2=
B00B 11008
BB 11048
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4008 9008 e ———_ 80c8
3008 S L] \ 80¢B
2008 qﬁ-\ 7048 gpep 7008
1008 60d8 1008 5008
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100F2 Tz TOkHz 100Hz TkHz T0kHz
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ad 3-11. ¥ FACte A mtelarER gAY §9 ZIE A=
A7 sy NGFe 24)e] A% FEA: 40 dB 9 @®, 254 60 dB
e g, Hepa 80 dB 9w,

_58_



x|
2048
+10dB \
PR uE
0dB —r——
1048 ; \ <1048
N\
2048 N 2048
N
3048 N 3048
100Hz 1kHz 10kHz 100HZ 1kHZz 10kHz
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| _Posta | POSTE | | PRET [ prez [ __posia 1 PostE | =
b0 = [ 29686 b0= | 32028
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[Fsher =] | 8300 [ 165 [dB] b2= [ o [FShei =] | £900 [ 20.0 1dB1 bo- [ oEI
Y e - at= [ e [ttt i | - al= [ 21515
} I 4 a2= [ 7001 } 5 a2= [ 8108
aQ - Q
0[dB] -3 [d8] -
R : =l Y— :
B 32 - 2
(a) Left Ear (b) Right Ear
IS 51 © = = = o] 5 ; =

a9 3-12. % A% S 29E sty A E vl 7he Biquad HAE ZH.
A s

Z+ 7+ 9] Biquad tlA 8 FE £ 3% [IR(Infinite Impulse Response) Tl A& IAEH &

AAE el om o= 1yl 3-13¥ 6]

by +byz L +byz 72
H(2) = 1 2
(a) 1+ alz + aZZ (b)
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ol A= 2%
9] ekl A7t

=z

% ¥ o] of

g},

H(s) = (5252 +hys+ 50)/(5252 +3S+ 50)

¥ 3-5. o} 42 biquad ZEH Y AFE. [18]
Filter Type Amplif:ation 62 E_I_ bo ap a ap
Ratio
EQ filter 10< A w2 | w/Q 00 O @ /(QxA) | 2
(Parametric
Equalizer) 0<A<LO | 42 | (Axa)/Q 00 10 1 w,/Q 002
LPfilter 0< A 0.0 0.0 Achz 10 wC/Q wcz
HPfilter 0<A 0.0 A 0.0 10 w./Q w02
BPfilter 0<A 00 | (Axa,)/Q 00 01 w/Q we?
LFShaffilter | 1 0< A 10 V2 xaw, VA Ax o2 10 2 xa, 02
0<A<10|10 \/Ech P 10 V2xa, [VA w: I A
HFShffilter | 1 0 < A A \/Ech XA .2 10 \/Ech w02
0<A<LO [0 | Joxg w02 VA | 2xa, [NA | w?1A
S 9o 2RE 799 o2 Bilinear W3 F4-& thgy
H(s) = (5252 +bys+ 50)+ (~252 +3s+ 50) H(2) = [pz? +blz+b2)+ (22 +agz+ az)
oA71A Zt AFEL g TS B

bo _ 4x62+2x61xT+60xT2

4x52 +2x51xT+50xT2

(1)

2><E)~0><T2 —8><52

4x§2+2x§1xT+§0xT2

b

(2)

_ 4x62—2x61xT+60xT2

4x52+2x51xT+§0xT2

(3)
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2x 3y x T2 -8xay

a = — — — >
dxay +2xa xT +ag xT (4)

4xay —2xa xT +§0><T2
as =

4x 8y +2xF xT +8yxT2  (5)

o714 T=tan((mx fe)= fs)=(mxfe)  fs = 3200 Hz o]t}

H 3-1de odA ezl HA seknE 9" Adte fefxl mlolamEN g
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Frequency [Hz] Frequency [Hz]
125 250 500 1.0k 2.0k 4.0k 8.0k 10.0k 125k 16.0k 20.0k 126 2650 500 1.0k 2.0k 40k 8.0k 10.0k 125k 16.0k 20.0k

10 10

U 0

10 10

20 20

0 30

10 o 40

? &

50 50
Isz & | 4 HL &
48] gp & * & [4B] gg ® OO0 &0
[ANS]) [ANSI) x| OO

i RKo¥HX 70 3 3

X X

80 80

90 90

100 100

110 110

120 120

130 130

188 375 750 1.5k 3.0k 6.0k 9.0k 11.2k 14.0k 18.0k 188 375 750 1.5k 3.0k 6.0k 9.0k 11.2k 14.0k 18.0k
(a) (b)

a9y 3-17. A7) ZFEo wE g &4 BA v xd(a)y BA EdhE A

2 HAANE. x(FF A1), o(LEF ).

a9 3-18(h)E 9% A, 28 3-19b)E 2% 79 9o TN A FI B
A7hA arelska obA AFd HA seknE I "ol wlo]aREN AW FX
742 232 9% 4709 Biquad UAE ZE7HA & |
=

0
=
'
=
B
ofN
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a9 318 9% 7). 99 A0 443 ol A9 biquad BEH 9§ vpo]a
223 AW §7 27 B3 2R 9% A dolx AN T F4
E
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90dB
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100Hz TkHZ T0kHZ 100Hz TkHz 10kHz
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B. Gennum FitEx v1.029] A &3 ¥ Z39}e] vl

2 3% oA A gxgd ®HA7] ey AF Y ZZ e AF
79} Gennum FitEx v1.029] A5 38 ZA3E u| s3]

o

9 4

0 High Level
10 Gain
— -20 Compression
5 30 Ratio . -
T Upper
= a0 /’Tr Threshold
g Low Level — )
Gain
| NN
— 50 Lower
5 60 Threshold
e
o -70
o]
-80
-90
-100
-120 -110 -100 -0 -80 -70 -60 -50 -40 -30 -20
INPUT LEVEL (dBV)

a9 3-20. ¥9&8 T4 (I/O curve).

o

NEH FAHAL U39 3714 T8 FE S w2 o8 A3 FE(ow input level

= HFHE(compression region) 23 =2 48 A3y FE(high

linear region),
input level linear region) (return to linear)o 2 Y& 4 v}, T 2+ AQd U=
g 542 AL o]5(ow level gain), A& -7 (lower threshold), 2+ ©] 5 (high
level gain), & gHA (upper threshold), %= & (compression ratio)& 57}#] ®WH o
2 Aol Jhsatrh(1yl 3-20 F=)

# 3-62 Gennum AR9F & =9 A ¥H ZAI}E Aluwg 2 19 3-21 2
gead oA 13 27 3-24 2o s oA 20 & AF IJHSE AANYS
W g Aae] oA E Ko Fa At AdelM B UXol & =29 A
T ¥Y AARrt e 31.61% 41322 Gennum AbF HE A} 6063 66.7 Kt}

o0 I~
&S & F A
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¥ 3-6. Gennum A9} & =79 z2F ¥ A} vl
Fig6 Curve Example 1 Fig6 Curve Example 2
Step Parameter name [Unit] AlgorKorea Gennum AlgorKorea Gennum
Result Error Result Error Result Error [Al&tdnt| 2
Lower Threshold 1 [dB SPL] 40.0 40.0 40.0 40.0
Lower Threshold 2 [dB SPL] 40.0 40.0 40.0 40.0
Lower Threshold 3 [dB SPL] 40.0 40.0 40.0 40.0
Lower Threshold 4 [dB SPL] 40.0 40.0 40.0 40.0
Input _ _ _ _
PEE S Upper Threshold 1 [dB SPL] 100.0 100.0 100.0 100.0
Upper Threshold 2 [dB SPL] 100.0 100.0 100.0 100.0
Upper Threshold 3 [dB SPL] 90.0 90.0 90.0 90.0
Upper Threshold 4 [dB SPL] 90.0 90.0 90.0 90.0
Wideband Gain [dB] -12.0 -12.0 0.0 0.0
Crossover Frequency 1 [Hz] 300.0 300.0 300.0 355.0
Crossover Frequency 2 [Hz ] 710.0 1600.0 1900.0 1500.0
Ly Tani Crossover Frequency 3 [Hz] 2240.0 2120.0 5000.0 5000.0
40 Low Level Gain 1 [dB] 26.0 31.61 30.0 60.6 -18.0 41.3 10.0 66.7
2L Low Level Gain 2 [dB] -2.0 8.0 2.0 24.0
Low Level Gain 3 [dB] 14.0 24.0 26.0 22.0
Low Level Gain 4 [dB] 28.0 32.0 42.0 42.0
High Level Gain 1 [dB] -18.0 18.0 -18.0 -18.0
High Target High Level Gain 2 [dB] -18.0 -18.0 -18.0 -18.0
80 33.50 5.4 83.2 160.4
[dB SPL] High Level Gain 3 [dB] -18.0 -12.0 -18.0 -18.0
High Level Gain 4 [dB] -18.0 -10.0 —6.0 26.0
g Ay vuE 9o 4o]dEE Gennum ¥ H A HOHE B =9
A vy Zeaodor 9ol Iy 3-223 23 Zglal 29 3-259F 261Y I 2
o] Mg HAHoz yrtlo] vl ZAe U, 29 3-21 ey ey oA 13 2=
U dHe A9 AuE A4z A9 98 F34s v 245 19 3-21 2
geoad oA 12 A4 =4 FA Ay FHdoln
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Low Level Bain  [25 v [d8] O Frecicrey value: 15| Set
Upper Threshould [100 w| [100 [30 % rdmse E ] kel Ee

[-18 %] IdE] 2 (0710 v ikhel
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=y
(2 irisht) |
110dB
10008
T HB AMEUN MER 22 He
[ ] [=a=m)
20dm == 1 [==u=3]
— o2ioie B=
EEEEER SRR
60dB IEEEEER N EEEER|
% : 5048 [TrATIE = A
100Fz L T0KHz
FIb- iLog stale) [ DHIZZE/EMH E8 BN |

Oi2f0ie 2= (3D

CH 1 CH 2 CH 3 CH 4 AECo |U_v] [dg] | Crossoveri=0{03 kHz} |
LowerThreshould 40 & | 40 & [40 | [40 | [0BSPL)  squelch Parameter:
Loustevelibai [2d v| ‘ i v‘ 22 v| = v| LE Crossover Frequency Value El Set
Upper Threshould |1UU v| [100 v\ |9c| v| !90 v| [dBSPL] 1 |DDD—V|[kHz] Fange: 01015
High Level Bain |—‘\B—v| \Tv‘ |-'|2—v| |Tv| [dE] 5 ﬁﬁ[kHz] . .

5001 1,761 35711 6.25:1 5 m[kHz] | Memory is valid []werity Burns
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