
2213679 TELEPHONE STATION CIRCUIT This invention relates to telephone
station 5 circuits. The microphone of a telephone handset responds to both
speech signals and to background noise. Such background noise is disturbing
not only to the local user but also to a distant party involved in a
telephone conversation with the local user. Telephone stations are
generally arranged to provide a certain amount of 10  feedback so that
conversations sound normal, even though one ear is obviously blocked from
receiving the user's voice signals transmitted through the air. Such
feedback is known as "sidetone;" and, although sidetone is useful when the
user is speaking, it is annoying at a location where background noise is
particularly high and the user is only listening. For example, in an effort
to hear the conversation, the user 15  may place her hand over one ear to
block out room noise - only to have it enter her other ear via the handset
microphone and sidetone path. Background noise is particularly offensive
during a conference call in which each conferee is exposed to the combined
background noise of all conferees. In some cases, signal-to-noise ratio has
been improved through the use 20 of an expander circuit having two gain
levels. In the absence of a strong speech signal into the microphone, the
gain of the transmitting amplifier is set to its minimum level and thus
reduces the noise transmitted to the receiver. When a strong speech signal
is detected, the gain of the transmitting amplifier is set to its maximum
level so that the speech signal is transmitted to the distant party at the
proper level. 25  Such expanders perform reasonably well so long as the
user speaks directly into the microphone; however, many users do not, and
even make matters worse by positioning the mouthpiece under their chin. In
such cases, there may not be sufficient speech energy reaching the
microphone to cause the expander to switch properly. Although the switching
threshold can be lowered, such lowering decreases 30  the margin against
switching due to background noise. In U.S. Patent 3,889,059 the ambient
noise level is used to proportionally decrease the transmitted speech
signal level. Although this compensates for the natural tendency of a user
to speak more loudly in a noisy environment than in a quiet environment and
results in a more constant speech signal level being presented to the 



35  transmission facility, it does not address the problem of the
transmission of background noise at the location where the user is merely
listening.    -2 - U.S. Patent 3,963,868 discloses the use of a noise guard
circuit whose output is added with the transmit and receive signals so as
to prevent ambient noise from influencing the enabled direction of
transmission. This particular use of ambient noise measuring equipment is
useful in a speakerphone application but, once 5 again, does not address
the problem of transmitting ambient noise in a full duplex environment when
the local user is listening. It is therefore an object of the present
invention to minimize the transmission of background noise picked up by a
telephone handset microphone during the time that the user of the handset
is not speaking. 10 The performance of a conventional telephone station
operating in a full duplex mode and in a noisy environment is improved by
an adaptive expander. In the absence of a 15  strong speech signal into the
microphone, the expander reduces the gain of the transmitting amplifier in
proportion to the level of background noise, thereby reducing the noise
transmitted to the receiver via the sidetone path, and to the distant
party. When a strong speech signal is detected, the expander raises the
gain of the transmitting amplifier back to its normal level so that the
speech signal is transmitted 20  to the distant party at the proper level.
Background noise is distinguished from a speech signal by the time-averaged
characteristic of the electrical signal that emanates from the microphone.
It is therefore a feature of the present invention that expander action is
obtained in proportion to the need for expander action. Accordingly, in a
quiet 25  environment it is not important that the user speak directly into
the microphone. The invention will now be described by way of example with
reference to the accompanying drawings, in which: 30            FIG. 1 is a
block diagram illustrating a telephone station 



circuit embodying the invention;  and FIG. 2 is a schematic diagram of a
preferred embodiment of the invention. 35            Referring now to Fig.
1, microphone 110 and loudspeaker 210 are, for example, part of a
conventional telephone handset. Signals emanating from microphone 110 are
-3 - amplified by transmitting amplifier 150 for delivery to telephone line
302 by way of hybrid network 300. Hybrid network 300 is a 4-wire to 2-wire
converter that operates to transmit signals present on leads 301 onto
telephone line 302. Additionally, hybrid network 300 routes incoming
signals from telephone line 302 to 5 leads 303. Further, hybrid network 300
is designed to allow a certain amount of signal energy present on leads 301
to pass directly to leads 303 and thereby provide the user with feedback on
the intensity of his speech. Such sidetone is delivered to the user via
receive amplifier 220 and loudspeaker 210. Noise detector 120 responds to
the output electrical signals of 10 microphone 110 to provide a DC voltage
proportional to the average background noise level. Noise detector 120 is
also arranged to ignore speech signals. Fig. 2 provides a more detailed
schematic of the significant portions of a telephone embodying the present
invention. Many specific details concerning the telephone, such as its
hybrid circuit, have not been included since they are known in 15 the art,
would complicate the disclosure, and would obscure the novel points of the
adaptive expander. It will also be appreciated however that many of the
specific details that are included explain the novel features and are not
specifically necessary to perform  the invention. In Fig. 2, noise detector
120 comprises components 121-136. 20  Comparator 121 provides decoupling of
the noise detector circuit from microphone 110 while amplifying the
electrical signal presented to its non-inverting input on lead 11.
Capacitor 124 operates to set the DC voltage at the inverting input to
comparator 121 equal to the DC voltage present on the non-inverting input
on lead 



11. Diode 125 provides half-wave rectification of the signals emanating
from 25  comparator 121. Resistor 126 is small compared to resistor 128 and
consequently capacitor 127 charges rapidly. The time constant provided by
capacitor 127 and resistor 128 is approximately 50 milliseconds which
enables it to follow the envelope of a speech signal. Resistor 134 and
capacitor 135 however form a much longer time constant (approximately 4
seconds) for the averaging of a noise signal. 30  Amplifier 131 together
with diode 132 and resistor 133 are used to immediately discharge capacitor
135 whenever the input signal envelope is below the voltage on capacitor
135. It is noted that normal speech energy is seldom continuous for more
than 4 seconds, and that breaks in speech usually exceed 50 milliseconds.
Such speech characteristics are advantageously used to distinguish speech
from 35  background noise in noise detector 120. Thus, by rapidly
discharging capacitor 135 to a lower voltage level whenever a high
intensity signal envelope abates for more than 50 milliseconds, the
capacitor effectively ignores the speech signal while    - 4 - continuing
to follow the background noise signal. Amplifier 136 buffers the voltage on
capacitor 135 whose magnitude is proportional to the level of the
background noise. Resistors 141 and 142 operate as a voltage divider used
to set a threshold voltage for amplifier 143. The DC voltage into 5 the
inverting input of amplifier 143 represents the magnitude of the noise
level, which, if speech is absent on the non-inverting input (lead 13),
ultimately controls the emitter-to-collector impedance of transistor 156
thereby regulating the gain of transmitting amplifier 150. A speech signal
present on the non-inverting input to amplifier 143 (lead 13) overcomes the
bias voltage present on the inverting input, is 10 rectified by diode 147,
and its DC average value is stored on capacitor 149. When speech is
present, the magnitude of the voltage on capacitor 149 is sufficient to
saturate transistor 156 which is used in a "reverse beta" configuration.
Accordingly, the gain of amplifier 153 is maximized and substantially set
by the ratio of resistors 154 and 155. The time constant of resistor 148
and capacitor 149 is 15 approximately 2 milliseconds and selected to
minimize speech clipping. Resistor 152 



is returned to the same DC voltage level as the collector of transistor 156
so that the DC voltage difference between the input leads of amplifier 153
is zero. The gain of amplifier 153 is in its maximum gain state when a
speech signal is present, and is reduced in proportion to the magnitude of
the DC voltage on lead 12 when a speech 20 signal is not present. The
voltage on lead 12 is nominally a 4 second average of the magnitude of the
output electrical signal from microphone 110.    - 5- CLAIMS 1.  A
telephone station circuit for providing simultaneous, bidirectional
transmission between a local user and a distant user, including a
microphone for converting an audible signal, comprising 5   a local user
speech component and a local noise component, into an output electrical
signal, a transmitting amplifier for amplifying the output electrical
signal, and means for generating a gain control signal for causing the
transmitting amplifier to provide maximum amplification when the magnitude
of the speech component 10   exceeds the magnitude of the noise component,
and for causing the transmitting amplifier to decrease from its maximum
amplification by an amount proportional to the magnitude of the noise
component when the magnitude of the noise component exceeds the magnitude
of the speech component. 15         2.  A circuit as claimed in claim 1
wherein the generating means includes means responsive to the output
electrical signal for generating a first DC voltage proportional to the
magnitude of the output electrical signal averaged over a short-time
interval, for generating a second DC voltage proportional to the magnitude
of the 20   output electrical signal averaged over a long-time interval,
and for decreasing the magnitude of the second DC voltage to a level
substantially equal to the magnitude of the first DC voltage whenever the
magnitude of the first DC voltage is less than the 



magnitude of the second DC voltage, whereby the resulting value of 25   the
second DC voltage represents the magnitude of the noise component. 3.  A
circuit as claimed in claim 1 wherein the generating means includes means
responsive to the output electrical signal for generating a first DC
voltage proportional to the magnitude of the 30   output electrical signal
averaged over a short-time interval, for generating a second DC voltage
proportional to the magnitude of the first DC voltage averaged over a
long-time interval, and for decreasing the magnitude of the second DC
voltage to a level substantially equal to the magnitude of the first DC
voltage 35   whenever the magnitude of the first DC voltage is less than
the    -6- magnitude of the second DC voltage, whereby the resulting value
of the second DC voltage represents the magnitude of the noise component.
4.  A circuit as claimed in claim 2 or 3 wherein the 5   short-time
interval is less than 200 milliseconds and the long-time interval is
greater than 1 second. 5. A telephone station circuit substantially as
herein described with reference to the accompanying drawings. 10 15 20 25
30 35   CSTB/KW    


