Report from

BELL
LABORATORIES

Bell Telephone Laboratories has
had a long-term interest in speech
research—tracing back, indeed, to
the work of Alexander Graham Bell.
It was for this reason that the U. S.
Navy asked us to investigate a
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problem encountered in Sealab Il.
To prevent ‘‘bends' and nitrogen
narcosis, the divers breathe a
pressurized mixture of oxygen,
nitrogen and helium, but the helium
gives their voices an unnatural,
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Fundamental pitch and harmonics (vertical bars) for normal ‘‘air’’ voice sound
(color) and ““helium speech’ sound (black). Note that the frequencies of the
fundamental and harmonics do not change very much, whereas the envelope
of the amplitudes shifts toward the right. Note also that the magnitude of the
shift increases with increasing frequency.
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Block diagram of system for restoring helium speech to normal voice
quality. Helium speech is fed to amplitude and pitch circuits. In the pitch
circuits, the frequencies of the 34 lowest harmonics are determined. In the
amplitude circuits, the power levels within each of 34 150-Hz intervals of the
speech spectrum are determined. The amplitudes are shifted and applied to
harmonics of lower frequency. In the modulators (right), these power levels
control the loudness of the 34 harmonic frequencies...thus producing a

ﬂ_ pattern or envelope closely corresponding to the envelope of normal speech. l
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Making voices from the
depths sound deeper

squeaky, Donald-Duck-like quality.
As a result, voice communications
between divers and people on the
surface are seriously impaired.

THE MAJOR PROBLEM is that
the velocity of sound in the helium
mixture is much higher than in air.
This does not appreciably affect
vocal-cord frequency, but does
strongly affect the acoustic reso-
nances of the vocal tract—whi
give the voice its characteris
sound quality. So, though fun-
damental voice pitch remains
approximately the same (about 100
Hz in men), the amplitudes or
loudness values of the various
harmonics change markedly. Spe-
cifically, the pattern of these res-
onances (the envelope) shifts
toward the higher frequencies (see
graph), and voice timbre is grossly
distorted.

THE SOLUTION to this problem
was found at Bell Laboratories by
research scientists M. R. Schroeder,
J. L. Flanagan, and R. M. Golden.
The distorted “*helium speech” is
separated into harmonic frequen-
cies and their amplitudes are
measured (see diagram). Then
envelope of the harmonic amp®
tudes is shifted back toward the
more normal or low-frequency
condition. In other words, the
amplitudes of the harmonics are
adjusted to match a more normal
envelope.

As a test, the technique has been
used on recordings of helium
speech made in the U. S. Navy's
Sealab Il. The processed voices are
readily understandable and sound
enough like the speaker's ‘‘air”
voice to be identifiable.
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USES: Avtomatic spectral density analysis. Plotting mechanical
impedance with swept frequency. Vibration analysis for
missiles, aircrafts, ships, etc. Monitoring fransmissibility
and Fourier response. Swept-sine and sine-random festing.
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FEATURES: Automatic plofting of both amplifude ratio
g
Phase matched within 0.2 de- and phose curves with swept frequency.

gree. 60 db dynamic range.
Isolates noise and harmonics

over ten times signal level.
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Frequency Range—2 cps to 20 . §

ke for standard model, 1 cps to A ANy |
10 ke or 10 cps to 25 kc avail- o nes | ’Uav"'
able on request. :

Dynamic Range—é0 db varia- L] Bl [

tion in amplitude for unknown .

signals in both channels. Simuitaneous plotting of fundamental, sec-

ond, third, and other harmonics of

Filter Bandwidth—==2 cps from
a complex waveform.

center frequency normally. 5 cps.
15 cps, or 50 cps.

Filter Response—60 db to 3 db
attenuation is normally at 4
to 1.

Maximum Output—50 volts rms
for both channels.
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Mechanical impedance, apparent mass, and
transmissibitily can be outomalicaily
J plotted with Type 1034

SENSORY INHIBITION
By] GEORGLVON BEKESY

Dr. Békésy, a 1961 Nobel Prize winner,
conducted experiments for nearly forty
years which led him to believe that in-
hibition interconnects, at least in one
respect, the fields of vision, hearing, skin
sensations, taste, and smell. His book
highlights the field as a significant one
for study and will be of interest to
psychologists, physiologists, physicists,
engineers, otologists, ophthalmologists,
and other scientists.

300 pages. 188 tllus. $8.50
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If you are interested in exploring
challenging opportunities to work
in architectural acoustics, noise
and vibration control, and elec-
troacoustics, please phone or
write:

Mr. Samuel Labate
Bolt Beranek and Newman Inc.
50 Moulton Street
Cambridge, Massachusetts 02138
Phone: (617) 491-1850

Offices in Cambridge, New York,
Chicago, and Los Angeles




