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First formant

Sound level

250 500 1000 2000 4000
Frequency (Hz)

Figure 1.1 Similarity of the two vowels oo and ee when
the second formant is inaudible because of hearing loss
(grey area).

Source: Dillon (2001): Hearing Aids
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Figure 1.2 The relationship between the dynamic range of sounds in the environment and
the dynamic range of hearing for: (a) normal hearing, (b) sensorineural hearing loss without
amplification, and (c) sensorineural hearing loss with a constant amount of amplification for

all input levels.

Source: Dillon (2001): Hearing Aids
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Figure 1.3 (a) Sound spectrum, and (b) representation in the auditory
system for normal hearing (dotted line) and sensorineural hearing
impairment (solid line).

Source: Dillon (2001): Hearing Aids
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Figure 1.4 Input-output diagram for a hearing
aid with 20 dB gain, showing how the output
SPL depends on the input SPL, for a
particular signal or frequency.

Output level (dB SPL)

Source: Dillon (2001): Hearing Aids
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Variable gain
amplifier

Microphone Amplifier Receiver Adder

f
~W ~

!
™M
!

/
AC/DC Attenuator Telecoil Peak Compressor Adder
converter clipper
Low pass or  High pass or Band pass Band stop Compressor Fourier
High cut filter  Low cut filter filter filter Transform

A\ X A,
Low pass or  High pass or Band pass Band stop Time delay Inverse Fourier
High cut filter  Low cut filter filter filter Transform

Figure 2.1 Symbols used in block diagrams.

Source: Dillon (2001): Hearing Aids
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Figure 2.2 Athree channel compression hearing aid.

Source: Dillon (2001): Hearing Aids
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Figure 6.3.1A: The BTE Figure 6.3.1B: BTE hearing aid Figure 6.3.1C: Fully insert the shaft into
Rotating Shaft and positioned on Rotating Shaft and the sound chamber
Positioning Saddle Positioning Saddle
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FONIX 8000 TEST SYSTEH
Coupler Dlirectional Polar

Curve Characteristics

Curve Source 20-DI

Mame Freq {dBY

PL4 1000 7.4
7.5

PL: 1200 .

PLY 2000 5.4

PLE 2500 7.1 I /I
PLT 3200 E.0 [)IFEB(:tI\/It)/

D/,Index (2D-DI)
ﬁ:; 20-01: E.0

Settings for Display PL1

Mode: Simultaneous
Ang Fesolution: 15°
Source: Cont Composite,
Filter: ANSI
Analuyziz: FFT,
Time Awg: 16H
FHS Amplitude: 50 dB
Extracted Freq: GO0 Hz
LEVELED

Test complete!

F1 F& F3 F4 F& F& F7 Fa SETUP 1
Left Ear Crv 1 Curve Curve Compozite Simul 15+ Dlizplayed | 2011-10-14
Select Crv Select OnsOFF Actiohs Source Auto Test |Resolution | Settings 1:08118PH




2D-DI: Two dimensional directivity

D = IUL{}gm Q

47| M, |
ii‘i’ Fil
/ / | M(c,)|*|sinf|dfdo
0 0

Q=

where [M,,,|~ 1s the magnitude of the mean-square sensitivity to sound waves that arrive at the device along
7. e .
M(a,68)|” 1s the mean- square sensitivity to sound wawves that arrive at the

the chosen reference axis, and
device from an elevation angle @ and an azimuth angle 6.

NIST System for Measuring the Directivity Index of Hearing Aids under Simulated Real-Ear Conditions, Randall P Wagner,
J Res Natl Inst Stand Technol. 2013; 118: 105-124



FEEE (BB A atE

. BRRROUERSHY - HILUBHEBEREED
HIE R 2R AEESE - B - EENNE . 50

O tes Bg I OO /& Al
B EmE e



22 & B bR



le2 2 oH PR RS B Y R 2

BB S INEIR0 SRS (RERINIESE) RS (8) y(n) = x(n)+v(n)

- BEINNER: RENBE B2 xn)

- RE FERINER - ANAREE  BEBSSS w0
- REREEMNZE “EIN” KER

- MRIBEFRIFMEZ

- FHER WNERET - B2 BIEE (Goldwave)
- MEHEBEINZBSZEREAEBMEREY (uncorrelated)
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Internet institute for speech and hearing
http://www.speechandhearing.net/laboratory/esystem/
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fCE fG1
Lowe-pass filter High-pass filter
Pty Pty
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:—3 dB
| ; o f

fizy bz oy oz

Band-pass filter Band-stap (notch) filter
T = il () K e = EiE () R

http://www.allaboutcircuits.com/vol 2/chpt 8/4.html http://www.allaboutcircuits.com/vol 2/chpt 8/5.html



http://www.allaboutcircuits.com/vol_2/chpt_8/4.html
http://www.allaboutcircuits.com/vol_2/chpt_8/4.html

I8 =R BRI &

S IEIRFERE - ﬁiﬁu 10kHz DA NRSER G F
EZ%E(IOkHz) HETETRER  EEEEREEEZEA

PR —ER RS
- EAAIRE (AURE 44.1kHz => RIREIEE A 0 - 22 kHz)
- AS@BKEzEE 11 kHz U TS EE LR

RBRENEEMRERES  I5EE
IMEENEE  BHEEE®RKE(10kHz) BR - BIREE



15K AR TSN SRS A AN ER

MRIRE RIS - FIMITIOER 0 - 5 LA R
SREH BINEIRE) -> BIEE

MENAERESEET LIRS VIERE
- #U%ﬁ@mméﬁ*ﬁﬁﬁﬁﬁ’ﬁﬁﬁ MERLA - HanWRIR a2 N8

E

BRI E5RAVIERS - HIRRERVIERS - B RINBERIEE -

BB AT AR - TS — REEREE PR S AR E S
[EIRLL - MRIBELLEA - SIRLLIE - HIBIBERERI G 2B -
BERLE S EREE -



R /ossible masking E=|',_ =z 3,\J=]l B}%

(@) \ B

Signal Noise — -

Input Spectral
Level

v

Gain
~
(@)
N

v

Output Spectral
Level

1 kHz Frequency

Figure 6.12 (a) Spectrum of the signal and noise input to a noise reduction
hearing aid. (b) Gain applied to the signal and noise. (c) Spectrum of the signal
and noise at the hearing aid output.

Source: Dillon (2001): Hearing Aids
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Sets of audioscan verifit:

1. Press “Test” -> “Test box measures” ->
“Noise reduction.

Highlight and <PICK> Test 1, 2 or 3.
Highlight and <PICK> a stimulus type from
the list box.

4. Highlight and <PICK> a stimulus level from
the list box.

Highlight and <PICK> [Start test]

Highlight and <PICK> [Continue] to
capture the comparison curve once the
noise reduction function has responded.
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o O
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| Test box noise reduction

110 - : ‘ Scale | dB SPL

100 Test  Stimulus Level MR
1| [Air conditioner [ 70

ﬂ| Vacuum | 70 6
Curve Hide | Show

Air conditioner
_|Moise reduction OFF

Air conditioner
Moise reduction
709 @ maximum
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Forced-Choice Word Recognition Test
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Hearing threshold screening in ambient noise
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Real Ear Gain {dE)

"FBC OF — T TTTToTTommmmmmmmmmemm e
FBC Cim

(Banerjee, 2006)

Freouency (Hz)

*ALER{CFR AP Ol B AU A e AR 7 8 2 B (MSG off)
=5 B e HIHIR Y e KR E N 7 = (MSG on)
SEYAT I B B nT A Ay S E B 25 & (added stable gain, ASG) =X

TE
[mlg8 =24 mij 2 M 7 7= {H (additional gain before feedback, AGBF)
(Ricketts et al., 2008)
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BEE 55

EHAZEHRPIESEIREE KIEREE - (Kochkin, 2003) °

A28% BN iz gr ff FH & R BhiE gr B R AU EE (whistling) MR ZI A mE - A
2o B AR E B0l 85 H (feedback) B F8 ° (Kochkin, 2005) °

iR mREZWSTE R —EREEER - mtEEEERNRERR
EAEIER « KA ~ BN RBERSEENEUSEYE EEREAEE - H
BMEEAMEG - BEEWIFEE—IEZ - (Hellgren et al., 1999)

] * 1
| |
nooming Signal i Microphone Amplifiar Recaivar E
- \ly ;
Wby O —— (D WY - )
BRIV LB S R (Banerjee, 2006)
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B0l E 2 A
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L DSP |4 ‘

e R g I EI A g S iy - BIEERsREE i 25 N 2 A1 JRRZ 25 (adaptive
filter){d SIS M [ 5 2 AR R AR R SR B R 14 - rRE R \ A i ) S LA R A
A ETRYIEIEE S - LRI E AR R %45 (feedback phase-inverter)i&t LR
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(Banerjee, 2006)
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250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz | 8000 Hz
A (dB HL) 50 50 50 50 50 50
oS5 ERAL(dB HL) 20 30 50 65 65 65

Bhisas

BI820115F K2006F 4 E 2 BT B 28 A11 ~ A06 ~ B11 ~ KB06 ° All ~ AQ6[EIBMIEA - B11 -
BO6[E) A MEAEB © A1l ~ B11432011FEEZH¥1E - A06 ~ B06/2006F £ &= 2 EEKTE -

& A RIS EIMEAERE A F 2 iR Em R ARNEEENEEEX - -
SREFAZBEE] ST EZ&ESIEERE - HELDES REEE 4T (Feedback Phase
Inverter) R HE A EEE GBS A ZET -

73 BlILAAH[E K ~F BYopen-canal fittingZE FH Al B & (slim tube) KX & /)N~ Mopen-canal fitting G FH B 2
(dome)&:iie T B -

HEHA TR
S=EFrye Electronics’2 T]AY FONIX FP-40E H 7 1%
FB Rl & B Bl 2 B 2 A7 % A0 B SR B 4% (monitor earphone) TR E B IE W AC 874 R -

PR AR RS L 5



ETERZA: BIEE®ERE
Bhig=2 7 H

BaliEr EEENAL-NLIZER AT - 2al# AL BRE O S /A AR E M EIRE
B - R COIEEIGIINEEI - AP A o EE X ELIEE M LI mAEM SR

E - 1GHE B 4ARI{E (Compression Threshold, CT)E3 B2 4E % (Compression Ration, CR)Z 52
ERBINSEIEGIS—3 - L2cc couplerZTFHEEES E - 50 dB SPLEI AR TS AY 8
LA R REEINEZREYS -

% BB E K4 2eccoupler B AREKA LB ERS 2ec coupler BARERA
(FaAgHEEN) (AARARLEHEER)
4 40
3 3
30 ¥
@ 15 1 % pi )K
- )I W =4+=2cc coupler E ==2cc coupler
5 15 / =E-All 5 15 =#=All
-é 10 % A06 é 10 / A06
Ej” —=Bll E5z/¥ —=Bl1
0 —=B06 0)‘ ==B06
5 -5
10 -10T
250 500 1000 2000 3000 4000 6000 250 500 1000 2000 3000 4000 6000
Frequency (Hz) Frequency (Hz)

PRAE AR TS T Bl RE L 5



S HIGER

PIFCES 15 AN ¢ 18 E AR S IB Bl Bl o) SRR BV EEEET0 - BB BB ERR12
U= EFIIAGBFZEEY - DIpERFAIEERE  p<.05 (HNEEERE)FTARE
ER . SARBERSBNIESRAL1(p=.168) * A06(p=.242) * B11(p=.303) * B0O6(p=911)}
S HAY O SEER A Ve EREEE R

HHREMML L HA 2 FHAGBF AHBEEMULTRA 2 FHAGRE
b ) 1] : ) ] ]
(FRBRiAA) (ARSI R
)
%
2 3
Ezs
] ——ALLF ~=AlLS
.E 15 =B=A06-F == A06-5
g I:Z ~+=BILT —=B11S
5 ——BYF
; ==B6-3
1000 1500 2000 2500 3000 3500 4000 4500 000 3500 6000
Frequency (Hz) Frequency (Hz)

PRAE AR RS T R - 5



RO

~

A
e
VART)N

%08 R IR 1B



mAOBENEHREEPRE REFIEENDT

AUDIOGRAM, , . <o ynps

PITCH (CYCLES PER SECOND)

Steeply sloping hearing loss
-+ Limitation of traditional
means of amplification

Inadequate gin

Limited bandwidth
— Acoustic feedback

*  Dead region

HEARING LOSS (DECIBELS)

- Consonants are softer in
intensity but critical for
speech understanding




Output frequency (Hz)

Output frequency (Hz)

Output frequency (Hz)

— &%

8000
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PRERIE T T

6000 e

4000 -

2000

0
0 2000 4000 6000

Input frequency (Hz)
8000

8000

6000 -~
4000 e

2000

0
0 2000 4000 6000
Input frequency (Hz)

8000

8000

6000 -~

4000 =

2000

0 2000 4000 6000
Input frequency (Hz)

8000

Frequency transposition: to reduce
information in frequency by some
constant number of Hz

Linear frequency compression: the output
frequency is a constant fraction of the
input frequency

Nonlinear frequency compression:
lowering just the high frequencies
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»+ For nonlinear frequency compression

— Cut-off frequency: lowest frequency where information is re-coded

10

! Cut-Off Frequency !

F :{ l }me f E'u{FLPF}
il ol =F na A ”
Fipp X F Fo, >F pp

in: o

05 4 I A — T —

Qutput Frequency (kHz)
|

0.1 i i ; ; i
0.1 0.2 05 1 2 5 10

Input Frequency (kHz)
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»  Compression ratio:
Definition #1:
(Maximum input frequency — cut-off frequency)

(Compressed maximum input frequency — compressed cut-off frequency)

Fcutoff Fin-max

—

Compressed(Fcutoff) ~ Compressed(Fin-max)

Definition #2: | I

(Number of equivalent rectangular bandwidths for input compression BW)

(Number of equivalent rectangular bandwidths for output compression BW)

ERB, Filter Bank

Input ¥ Z 3 4 5 6 6 ERB,, (in)
in
o. Output 12345 6 , . CROFETE )
i PR T - v 3 ERBy, (out)
£ 20 A
&
z
g 40
®
g [ V17V YN \
£0 1\ 4 i A z ) 3 | 1 1 1 1, |
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Frequency, Hz

Adapted from http://www.audiologyonline.com/articles/20g-highs-and-lows-frequency-11772
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* For cut-off frequency = 1.5kHz and CR=2.3:1

* Higher frequencies are shifted downwards to a larger extent than lower frequencies
* F2 of [i] is shifted more

e The [i] is identified as [y]
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Reduced differences between the peaks and valleys in the spectrum

Merged formants

74.5dB

2300 Hz -

_'|63.48 dB

Compressed speech:
Reduced spectral contrast and intensity variation
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May lead to different SNRs in auditory filters
— Harmonic relationship
— Spectral transition
— Segmental-temporal characteristics

Research study: the effect of nonlinear frequency compression on the
performances of Mandarin Monosyllable Recognition Test (MMRT) in
noise and Mandarin Hearing in Noise Test (MHINT)

— Different performance outcomes and error patterns?

*  Material type
* Noise type
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