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1. _Introduction: We have, over the last few years, been developing a single
channel extra-cochlear implant for the totally deaf (Fourcin, et al:1879). The
signal used for electrical stimulation is designed to be matched both to the
deaf lipreader's needs and to his new restricted muditory ability. The basis
of our stimulation i the fundamental frequency component of apoech, which is
able to evoke a sense of pitch, Psychophysical data gathered from our deaf
petlents make it possible to aimulate in & normal hearer the avwditory sensa-
tions elicited by such electrical stimulation in the deaf. We have found that
the ability of normals to discriminate frequency changes in pulse traing or
slpusoids is much superior to that of the electrically stimulated implantee.
In consequence, we artificinlly worsen the digcrininability of the pitch
changes by presenting the pitch contour in the form of high-pass filtered
pulse trains or amplitude-mocdulated noise.

I1. General Methods: All tests, except connected discourse tracking, are
recorded on a Philip's video cassette recorder with twe audio tracks. On

the first is recorded the speech signal from a high quality microphone while
on the second is the output from a laryngograph (Fourcin: 1874) which by
sensing impedance changes acrcos the neck, gives a direct indication of vocal
fold vibration and thus fundamental frequency. For testing purposes, the
tapes are copied with the laryngograph vocal fold closure signal replaced by
2 mS pulses triggered from the original laryngograph waveform. Thede pulges,
which carry the fundamental frequency, are then used to trigger other equip-
ment for presentation to the subjects.

Three conditions are usually used in our experiments: .

1) Lipreading with varying pitch (FPY) - While the sub ject watchea.the video,
the pulses representing the fundamental are used to trigger 20 T pulses
which are then band-pass filtered between 4 and 20 kHz, amplified and present~
ed at a comfortmble lavel over headphones. In one test, we used amplitude-
modulated (AM) noise as the auditory aignal. The pitch pulses triggered 1 m8
pulses which were used to amplitude modulate broad band noigse., Finally, to
prevent any of the pulses leaking through, the AM noise was high-pass filtered
at 2 kHz. In either cesae, the subjects hear the pitch contour in a degraded
form. These conditions simulate the deaf implantee with relatively good
frequency discrimination.

2) Lipreading with constant pitch (PC} - A free-running oscillator at 160 Hz
ia used to trigger the 20 ps pulses which are then filtered and amplified as
before, The pulses representing the fundamental are used to gate this signal
on and off, such that a sound is heard when voicing occurs and there is si-
lence during periods of vocal fold inamctivity. Thus the subject gets inform-
ation about presence or absence of voicing, but not about pitch changes. This
condition simulates the deaf implantee with minimal or no frequency discrim—
ination,

3) Lipreading alome (LA) - This control condition simulates the uneided,
totally deaf subject.



Proceedings of The Institute of Acoustics

LIPREADING WITH FUNDAMENTAL FREQUENCY INFORMATION

III. Results: We divide our tests intc three main categories: segmental,
suprasegmental and connected discourse. In this summary, we report the results
of a single test in each category.

A. Segmental tests: Our main results involve the identification of inter~
vocalic consonantg, /&la/where C = /b,m,p,v,£,d,n,2,8,t,8,k/. Two speakors were
recorded, a male and a fomale., Sessicne consisted of 48 trials {4 prepentations
per stimulus) in a random order. Five different sessions were recorded by each
speaker. Two subjects ran each of the 10 test seasione in each of the 3 condi-~
tions (LA, PC and PV). Feodback sessions were given through the course of the
experiment, although never in the actual testing sessions. The results summed
over the two subjects are shown in the 3 confusion matrices. Certain summary
statistics are compared for the 3 conditions in Table I. The supplementation of
the visual by pitch information, whether constant or varying, has the following
effects: 1) Overall performance 15 much improved. 2) Place errors, perhaps
purprisingly, are reducad. 3) Voicing errors are highly reduced. 4) Errors

which involve only manner are slightly increased. We have alao performed tests

TABLE I LA BC fn with identification of CVC's and words.
B. BSuprasegmental tests: We have

Pe t 43.9 71.9 73.6

plzzgngr::::ect 90 46 60 tested the mbility of cur subjects to

Voicing Errors 472 80 67 name the stressed word in simple three

Manner Errors 1186 148 134 word sentences when the stress 1s

placed on the three different words.
There were two speakers, 8 male and a
female, each of whom recorded one
sesglon (consisting of 30 presentations) with a sontence with continuocus volcing
{"They run well.") and ome with gaps in volcing between each of the words ("Knives
stay sharp.”). Four subjects were tested on each of the four sessions in each of
three conditions, Averaged over subjects, speskers and sentences, subjects acored
58.7% correct in condition. LA, 87.7% correct in condition PV {with pitch signal-
led by amplitude-modulated noise) and 97.53% correct in condition PV with sound
alone {po video).’ Similar results have been reported by Risberg & Agelfors (1978} .
We have also performed tests where aubjects judge whether a short phrase or sen-
tence is a question or a statement,

(not volcing or place)

€. Connected Discourse tests: We have made use of a technique described by

De Filippo & Scott {1878) known as connected discourse tracking {CDTY. In CDT,
one person, designated the receiver must repeat back wverbatim what spmother person,
the talker, has said. The talker hears the receiver as normal, but the receiver
is donetrained by performing in ¢ne of the three comditions, LA, PC, or FV. The
talker wears laryngograph electrodes, and pulses to trigger equipment are obtained
directly from the laryngograph processor. Acoustic isolation between talker and
receiver is achieved by performing the task across twe thick pieces of glass
between twa sound-proof rooms with broad-band masking noise introduced into the
recelver's room, A novel was used as the text and performance is measured in
words per minute. We have worked in session of 5=-7 minutes and the results for
one talker-receiver pair are shown in Figure 1, The lines are the result of
three-point smoothing of the day-to-day data. For one receiver immediate im-
provement with fundamental information is noted, while the other recelver takes
some doys before a gain is shown. Receiver SR over the course of the experiment
ghows, relative to LA, a 107% improvement im condition PV and 25% in PC. Tactile
ajds in the same task show st most a 30% improvement (Pe Filippo & Scotti: 1878) .
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Words per Minute
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