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Fig. 1. Basic principle of hearing aid.
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Fig. 2. Constant velocity tuning curves measured at a
single point on the basilar membrane.
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Fig. 3. Equal loudness contours for various loudness levels.
The lowest curve is the absolute threshold curve.
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Fig. 4. Results of loudness matches between sinusoidal
tone bursts presented alternately to the two ears for nor-
mally hearing subjects (dashed line) and subjects with
vinlateral cochlear hearing loss (confinuous line). The
tone was fixed at a series of levels in one ear (the impa-
ired ear of the subjects with unilateral impairment) and
the level in the other ear was varied fo defermined the
point corresponding to equal loudness.
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ases (ERBsO equivalent rectangular bandwidths).
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show saturation near and above the best frequency
(18 kHz), and linear responses at low frequencies. Fre-
quency of stimulation id indicated by the numbers on
the curves.

showing theoretical contributions from the active pro-
cess (solid line), and the passive process (long dashes),
making a net function shown by the short-dashed line.
m [0 Measured basilar membrane response when co-
chlea in good condition. a0 measured response after
acoustic frauma.
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Fig. 10. Auditory filter shapes at a center frequency of 1
kHz for the normal (fop) and impaired (bottom) ears of
six subjects with unilateral cochlear impairments.
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Fig. 11. Basic structure of BTE type hearing aid.
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OO0 00000 (comparator circuit)yd 00000 O
ooo.

0 0000000 000 0000 000 0ooo o
0 00 0000 000 OO0 oooo oo oo o
000 0000 00000 oooo. 0 ooo oo
0 00000 OO0 0O 000 000 ooo ooo
000 0000 oO0OO0 OooO 0o ooo ooo o
0 0000 o00.

00 000 00O 00, 000@Oo) oooog oo
00 000 0000 000 0oo(@o ooy ooo
OO OO compression limiting, syllabic compress-
ion, automatic gain controld 000 OO0 O OO.
0000 00 000 000 0000 o0 oooo
00 0000 000 U0 00 OO0 ooo ooo o
0 00 000 000 00 000 000 oo oo
0 00 0 0000 000 00 OObo oo oo
000 00000 000 Oo0O0oO0 0o. 000 oo
00 000 0000 U0 0oo0o oo oo oo o
0 000 000000 oooo oo.

Compression Limiting
Compression limiting OO0O0O 1950 OO0 OO
0 00 0000 000 0o 0ooo 0o ooo o
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0o@oO 80dB OO), OOOO OO, attack timeD
00 00 000 ObOo oo.ooo oooo ooo
00 00 0000 Obob0o 00 bobo oo go
000 0bo OobO oo 0 ooo oooo oo o
0 0odb bobo obob oo. oo oo ooo
OO0 000 OO0OO0O0 OO0 0000 peak clipping
000 00 00o Oob ooo ooo go.

Syllabic Compression

Syllabic compressiond OOO0O OO0 OO OO
000 OO U0 000 000 00 ooo oooo
000 000 0000000 000 0O 00 ooo
00 00 000 000 00 00 000 o0oo o
0 00 OO 00 0O0.000 O oooo oooo
O dynamic rangell OO OO 000 OO0O OO O
00 00000 000 000 0o o0.

00 syllabic compression 0000 OO0 OO
0000 000 OO 00 000 00 oooo oo
0O 000 OO0 attack timed OO release time O
0 00.00 000 OO0 D000 0o oo oo o
O 000 00O 0000 OO0 attack timed release
time0 00O O0O0O0O OO OOOO O0OO OO OO
0 000 U0 00 0000 000 00 000 oo
00 000 00 00 0000.0 000000 att-
ack time OO 5ms OO OO0 release timed O
0000 00000 000 000 200~300 ms O
0 OO0 50~150 ms O0O0O0O. O ODOOO OO OO

000 OO0 00 00 000 pumping OO0 OOO
00 00 release timedl 0000000 OO OO
000 000 000 000 ooo gd.

Automatic Gain Control(AGC)

Automatic gain controld OO0 OO0 OO0O O
0 00 000 000 00000 0000 O ooo
0OO00d. Automatic gain controll OO OO OO,
00 0000 000 000,000 00 attack time
0O 00 O release timed OO OO OO0 O0O. 1~
20000 000 release time OO0 O0OO0O OO
0 000 00 0000 000 000 ooo ooo
000 0000 oO0OO0 ooo bo ooo oo o
0 00. 00000 00 0000 00 OO oo o
0 000 000 000 O release timeOO OO O
0 000 0000 0O 000 OO0 ooo o oo o
0.0000 00000 00 0000 0o oooo
0000 00 0000 000 OO0 ooo ooo
O OO0 O0O0OO OO0 00 dynamic rangel OO
0 00 000 0000 00 Oo0.00 0o oo oo
00 00 0000 00 0O 00 000 000 Table
20 0000 Oooooo.

0000 00000 o000 0boo 0o oo o
00 0000 00 000 000 0ooo oooo.
0000 0000 0000 Ooo0O oo ooo oo
00 000 00000, 0000 000 oooo o
00 00 0000 000 0000000 ooo oo.

Table 1. Expected battery life for representative high-powered class D, B, A linear hearing aids

Output stage HFA full on gain HFA SSPL90 Current drain Expected battery life Expected battery life
type (dB) (dB SPL) (MmA) (#13 battery) (# 312 battery)
Class D 52 123 0.59 390 hours 204 hours
Class B 50 121 0.63 365 hours 190 hours
Class A 52 116 0.75 307 hours 160 hours

Table 2. &= 2F7(°| HA & 588 240 §4

Hearing aid type Compression threshold

Compression ratio  Attack time (msec)

Release fime (msec)

(dB SPL)
AGC <65 =5 10-50 150—-2000
Syllabic compression <40 <5 <5 10— 100
Compression Limiting =80 =5 <5 50— 100
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000 0000 00 0000 oooo oogo o
000 000 00000 o000 ooooo oo.
0000 0000 OO OO0 000 00 oo oo
0000 zinc—air 0000 000000 OO OOO
0 000 00.0000 00O 0000 00 (ca
pacity, mAh) 0000 OO OO (current drain,
mA)O 00 000 oooO0.

0000 0oo0O0 OO0 0000 Uobo ooo
0 00 000 000 0000 000 O ooo o
000 000 0000 0000 000 oooo o
00 0000 ooo og.

Earmoldd0 00000 00O OO OO0 OOOO

0 0000 000 00000 ooo oo, oo oo,
000 00 00 0000 00000 oo. oooo
00 000 (occluding)d 000 (non—occluding) O
00000 00000 0000 0000 oooo o
000 OO0 00 000 0000 occlusion effect
0 0000 O0O0O00 000 00 00 oooo.
0 000 000 0000 0oo0 feedback OO OO
00 OO0 000000 00 000 0ooo oooo
0000 00 OO0 00,0000 00 OO0 ooo
000 OoO0O00 OO 0ooO 000 00 oo oo
00 00 oooo.

H
2 E

ud o0 o000 oob boooob ood oooo
ooood ooo 000 oo oooo ogo oo
oo 0 00 0oooo oo oo oob 0o og o
ot OO0 ooooo ooo O o0 oboo oooo
ooo 00 00 0ooo oo oooobo 0o ooo o
oog goo.

ooo ooobo ooobo ooo oo oooo oo
ood 000 oo 0 o000 oo ogo ooo o
0 0ot 000 ooo oo oooo oo ooo
00 00.000 0ooo ooo ooooo oo oo
0 oot ooooo ooo oo ooo oo oo
oodg 00 OO 0og 000 bbb O 0o oo
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