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TIRE PRESSURE MONITORING APPARATUS AND
METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an apparatus and
an associated method for monitoring pressure in a tire of a
vehicle wheel.

[0002] A tire pressure monitoring apparatus has previ-
ously been utilized to provide an operator of a vehicle with
an indication of tire pressure variation. This known tire
pressure monitoring apparatus includes a wheel-mounted
sensor that detects changes in air pressure in a tire and a
wheel mounted transmitter that sends a signal that is a
function of the sensed tire pressure. The signal is received by
a receiver mounted on a body of the vehicle adjacent to the
wheel. The receiver provides an output, which is a function
of tire pressure, to a display on a dashboard of the vehicle.

[0003] The transmitter sends a radio frequency signal
having a constant amplitude. When the vehicle is stationary,
the radio frequency signal received by the receiver has a
constant amplitude. However, when the vehicle is moving,
the wheel and the transmitter rotate together relative to the
receiving antenna. As the distance between the wheel and
the receiving antenna varies due to rotation of the wheel, the
amplitude of the signal received by the receiver varies.

[0004] The rate of amplitude level variation of the signal
received by the receiver varies as a function of the speed of
the vehicle. The greater the speed of the vehicle, the faster
the wheel and transmitter are rotating. Therefore, the rate of
level variation increases as the vehicle speed increases.
Rapid variation in the level of the signal complicates the
decoding of tire pressure indicating data conveyed by the
signal.

SUMMARY OF THE INVENTION

[0005] In accordance with one aspect, the present inven-
tion provides an apparatus for monitoring a condition of a
tire of a vehicle. The apparatus includes a transmitter
rotatable with the tire and operable to transmit a signal
indicative of the tire condition. Amplitude variation is
induced in the signal during rotation of the transmitter with
the tire. The apparatus includes a receiver located at the
vehicle and operable to receive the signal from the trans-
mitter. The receiver has circuitry that compensates for the
induced amplitude variation.

[0006] In accordance with another aspect, the present
invention provides a method of monitoring a condition of a
tire of a vehicle. A signal indicative of the tire condition is
transmitted from a transmitter at the tire. The transmitter is
rotated with the tire. Amplitude variation is induced in the
signal during rotation of the transmitter with the tire. The
signal from the transmitter is received at a receiver located
at the vehicle. The induced amplitude variation in the
received signal is compensated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing and other features and advantages of
the present invention will become more apparent to one
skilled in the art to which the present invention relates upon
consideration of the following description of the invention
with reference to the accompanying drawings wherein:
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[0008] FIG. 1 is a schematic illustration depicting the
manner in which a wheel mounted tire pressure sensor and
transmitter rotate relative to a receiver mounted on a body of
a vehicle;

[0009] FIG. 2 is a simplified schematic illustration depict-
ing the relationship between the sensor and transmitter that
rotate with the vehicle wheel, the receiver on the body of the
vehicle, and a display that is visible to an operator of the
vehicle;

[0010] FIG. 3 is a schematic illustration of the transmitter
that rotates with the vehicle wheel;

[0011] FIG. 4 is a schematic illustration of the receiver
that is disposed on the body of the vehicle;

[0012] FIG. 5 is a graph depicting the manner in which a
signal received by the receiver of FIG. 4 varies with rotation
of a vehicle wheel and transmitter of FIG. 3;

[0013] FIG. 6 is a schematic illustration of circuitry that
reduces variations in the signal of FIG. §;

[0014] FIG. 7 is a graph illustrating the manner in which
variations in the signal of FIG. 5 are reduced by the circuitry
of FIG. 6;

[0015] FIG. 8 is a schematic illustration of circuitry that
amplifies a portion of the signal of FIG. 5 and compresses
a portion of the signal;

[0016] FIG. 9 is a graph illustrating the manner in which
variations in the signal of FIG. 5 are reduced by the circuitry
of FIG. 8; and

[0017] FIG. 10 is a schematic illustration depicting data
that can be carried by the signal of FIG. 5.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0018] A portion of a vehicle 12 is illustrated schemati-
cally in FIG. 1. The vehicle 12 has a wheel 14 that is
rotatable relative to a body 16 of the vehicle. The wheel 14
of the vehicle includes a tire 18 that is mounted on a wheel
rim 20.

[0019] A tire pressure monitoring apparatus 24 provides
an operator of the vehicle 12 with an indication of pressure
in the tire 18. The tire pressure monitoring apparatus 24
includes a combined tire pressure sensor and transmitter unit
26 that is connected with the rim 20 of the vehicle wheel 14.
A receiver 28 is connected with the body 16 of the vehicle.

[0020] The combined tire pressure sensor and transmitter
unit 26 includes a sensor 32 (FIG. 2). In one example, the
sensor 32 senses fluid (air) pressure in the tire 18. It is to be
understood that fluid pressure is just one example of a tire
condition that the sensor 32 may be configured to sense.
Another example tire condition is tire temperature. The
sensor 32 has an output that is indicative of the sensed tire
condition(s). In the present example, the output varies as a
function of the sensed variation in the pressure in the tire 18.

[0021] The combined tire pressure sensor and transmitter
unit 26 includes a transmitter 34 that is operatively con-
nected to receive a signal indicative of the output of the
sensor 32. The transmitter 34 is effective to transmit a radio
frequency signal that is indicative of the sensed tire condi-
tion. In the present example, the signal conveys data that is
a function of the fluid pressure in the tire 18.
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[0022] The receiver 28 receives the radio frequency signal
from the transmitter 34. The receiver 28 includes compo-
nents to process the received data indicative of the fluid
pressure. In turn, the receiver 28 is operatively connected to
provide an indication of the sensed fluid pressure to a person
(e.g., a vehicle operator, not shown). In the present example,
the receiver 28 provides an output that is conducted to a
display 38 on a dashboard of the vehicle. The display 38
indicates the fluid pressure in the tire 18 on the wheel 14.

[0023] The transmitter 34 (FIG. 3) includes a radio fre-
quency oscillator 42 that is connected with an amplifier 44.
Data, indicated schematically at 48 in FIG. 3, is transmitted
from the sensor 32 to the amplifier 44. The data 48 from the
sensor 32 is indicative of the fluid pressure in the tire 18. The
amplifier 44 utilizes this data to vary the pulse width of the
radio frequency signals provided by the oscillator 42 to
encode the data on the radio frequency signal provided by
the oscillator. The antenna 50 is connected with the amplifier
44 and is effective to transmit a radio frequency signal
having a constant bandwidth and having pulses with a width
that varies as a function of the data 48 indicative of the fluid
pressure in the tire 18.

[0024] The receiver 28 (FIG. 4) includes an antenna 52
that receives the output from the antenna 50 of the trans-
mitter 34. The antenna 52 is connected with a linear ampli-
fier 54. The output from the linear amplifier 54 is conducted
to a mixer 56. In addition to be connected with the linear
amplifier 54, the mixer 56 is connected with a local oscil-
lator 58.

[0025] The output from the mixer 56 is conducted to an
intermediate frequency filter 60. The intermediate frequency
filter 60 is, in turn, connected with an intermediate fre-
quency amplifier 62. The output from the intermediate
amplifier 62 is transmitted to an envelope detector 64. The
envelope detector 64 functions to detect the bandwidth
envelope of the radio frequency signal transmitted from the
amplifier 62 to the envelope detector 64.

[0026] When the vehicle 12 is stationary, the wheel 14
does not rotate relative to the body 16 of the vehicle. The
antenna 52 of the receiver 28 receives a radio frequency
signal from the transmitter 34. Since the vehicle 12 is
stationary, the radio frequency signal received at the antenna
52 has a constant bandwidth, the same as the radio frequency
signal transmitted from the antenna 50 of the transmitter 34.

[0027] When the vehicle 12 begins to move, the wheel 14
rotates relative to the vehicle body 16 and the receiver 28
that is connected to the body. As the wheel 14 rotates, the
distance between the transmitter 34 and the receiver varies.
In addition, the orientation of the transmitter 34 relative to
the receiver 28 varies.

[0028] As the wheel 14 rotates and the distance between
the transmitter and receiver 28 varies, the amplitude of the
signal received by the receiver antenna 52 will vary even
though the amplitude of the signal transmitted from the
antenna 50 of the transmitter 34 is constant. During rotation
of the vehicle wheel 14, a radio frequency signal 70 (FIG.
5) received by the antenna 52 had an amplitude that varied
in the manner indicated by a dash line 72. Of course, the
greater the speed of the vehicle 12 and the rate of rotation of
the wheel 14, the greater will be the rate of variation in the
amplitude indicated by the dash line 72.
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[0029] In order to decode data carried by the radio fre-
quency signal 70, a determination is made as to whether the
instantaneous value of the radio frequency signal is greater
or less than a reference signal 76. Therefore, the reference
signal 76 must vary as a direct function of variations in the
bandwidth of the radio frequency signal 70. As vehicle speed
increases, it becomes increasingly difficult to have the
reference signal 76 accurately follow the amplitude and to
determine whether or not the instantaneous value of the
radio frequency signal 70 is greater than or less than the
reference signal.

[0030] In accordance with a feature of the present inven-
tion, a signal modifier 80 (FIG. 4) contains circuitry that
reduces amplitude variations induced in the radio frequency
signal 70 as a result of rotation of the transmitter 34 with the
wheel 14 of the vehicle. In one embodiment of the invention,
the circuitry in the signal modifier 80 included a limiter that
limits the maximum magnitude of pulses 84 (FIG. 5) in the
radio frequency signal 70. Thus, when the magnitude of the
pulses 84 is greater than a predetermined magnitude, the
magnitude of the pulses is reduced to a predetermined
maximum magnitude. This results in the radio frequency
signal 70 (FIG. 5) being changed to the modified radio
frequency signal 90 (FIG. 7).

[0031] The modified radio frequency signal 90 (FIG. 7)
has some pulses 92 with a maximum amplitude that is
substantially less than the maximum amplitude of corre-
sponding pulses 84 in the radio frequency signal 70 (FIG.
5). However, the pulses 84 of the radio frequency signal 70
having a relatively small amplitude were conducted through
the signal modifier 80 without being changed. Only the
amplitude of the pulses 84 in the radio frequency signal 70
(FIG. 5) having a relatively large amplitude, were reduced
to form the pulses 92 of the radio frequency signal 90 (FIG.
7). All of the pulses 92 of the radio frequency signal 90 have
the same width as the corresponding pulses 84 in the radio
frequency signal 70.

[0032] The relatively small amplitude pulses 92 adjacent
the time designated 0.006 in the modified radio frequency
signal 90 (FIG. 7) have an amplitude that is substantially the
same as the amplitude of pulses 84 at the same time in the
radio frequency signal 70 (FIG. 5). However, pulses 92 of
the modified radio frequency signal 90 (FIG. 7) at other
times have an amplitude that is substantially less than the
amplitude of corresponding pulses 84 in the radio frequency
signal 70. For example, pulses 92 in the modified radio
frequency signal 90 have a relatively small magnitude in the
period of time between zero and 0.002 in FIG. 7. However,
the radio frequency signal 70 received by the antenna 52 has
pulses 84 (FIG. 5) with a relatively large amplitude in the
time period between zero and 0.002. Although some of the
pulses 92 in the modified radio frequency signal 90 have
amplitudes that differ from the amplitudes of corresponding
pulses 84 in the radio frequency signal 70, the pulses 92 in
the modified radio frequency signal 90 have the same pulse
width as corresponding pulses 84 in the radio frequency
signal 70.

[0033] The amplitude of pulses 84 (FIG. 5) of the radio
frequency signal 70 are substantially reduced by the signal
modifier 80 (FIG. 4) to provide a modified radio frequency
signal 90 having pulses with a relatively small amplitude in
the time period between zero and 0.002 (FIG. 7). This
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enables a reference signal 96 (FIG. 7) to vary within a much
smaller range than the reference signal 76 (FIG. 5). This
facilitates determining whether or not the amplitude of the
pulses 92 exceeds the reference signal 96 at any instant
during transmission of the modified radio frequency signal
90.

[0034] To change the radio frequency signal 70 from the
bandwidth configuration illustrated in FIG. 5 to the modi-
fied radio frequency signal 90 having the bandwidth con-
figuration illustrated in FIG. 7, a diode 100 (FIG. 6) was
utilized as a limiter. The diode 100 has a barrier potential
that determines the maximum amplitude of the pulses 92 of
the modified radio frequency signal 90. If the magnitude of
the pulses 84 of the radio frequency signal 70 exceed the
barrier potential of the diode 100, the diode is effective to
modify the pulse to have a maximum amplitude correspond-
ing to the barrier potential of the diode. When the diode 100
modifies a pulse 84 of the radio frequency signal 70, the
diode reduces the amplitude of the pulse without changing
the width of the pulse.

[0035] The pulses 84 (FIG. 5) of the radio frequency
signal 70 are reconfigured by the diode 100 to have a
maximum amplitude that is a function of the barrier poten-
tial of the diode. However, pulses 84 for the radio frequency
signal 70 (FIG. 5) having a maximum amplitude that is less
than the barrier potential of the diode 100 are conducted
through the diode without being modified.

[0036] Although only the diode 100 for the signal modifier
80 has been illustrated in FIG. 6, it should be understood
that the signal modifier may contain other circuitry, such as
resistors and/or capacitors, in association with the diode 100
to facilitate modification of the radio frequency signal 70
from the bandwidth configuration of FIG. 5 to the band-
width configuration of FIG. 7. Although a specific reduction
in the maximum amplitude of the pulses 84 of the radio
frequency signal 70 has been illustrated in the modified
radio frequency signal 90 of FIG. 7, it should be understood
that the pulses of the radio frequency signal 70 could be
changed to a greater or lesser extent by the signal modifier
80 if desired.

[0037] It is contemplated that the signal modifier 80 could
be constructed so as to amplify pulses 84 of the radio
frequency signal 70 (FIG. 5) having a relatively small
magnitude and to compress pulses 84 of the radio frequency
signal 70 having a relatively large magnitude. The radio
frequency signal 70 (FIG. 5) received at the antenna 52
(FIG. 4) of the receiver 28 contains pulses 84 of a relatively
large magnitude in the time between zero and 0.002 in the
graph of FIG. 5. However, during the time between 0.005
and 0.007, the pulses 84 in the radio frequency signal 70
have a relatively small amplitude. By decreasing the ampli-
tude of the pulses in the time period between zero and 0.002
and increasing the amplitude of the pulses 84 in the time
period between 0.005 and 0.007, the radio frequency signal
70 is reconfigured to provide a modified radio frequency
signal 110 (FIG. 9).

[0038] The modified radio frequency signal 110 has a
bandwidth with a larger amplitude than the modified radio
frequency signal 90 of FIG. 7. Thus, the modified radio
frequency signal 90 of FIG. 7 has a maximum bandwidth of
0.3 volts while the modified radio frequency signal 110 of
FIG. 9 has a maximum bandwidth of approximately 0.6
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volts. The larger amplitude of the bandwidth of the modified
radio frequency signal 110 facilitates the processing of the
signal. However, the width of the pulses 112 in the modified
radio frequency signal 110 is the same as the width of the
corresponding pulses 84 in the radio frequency signal 70 of
FIG. 5.

[0039] The modified radio frequency signal 110 (FIG. 9)
includes pulses 112. The amplitude of the pulses 112 in the
time period between zero and 0.002 is less than the ampli-
tude of the pulses 84 of the radio frequency signal 70 of
FIG. 5 in the time period between zero and 0.002. The width
of the pulses 112 in the time period between zero and 0.002
is the same as the width of the corresponding pulses 84 in the
radio frequency signal 70 in the time period between zero
and 0.002.

[0040] The amplitude of the pulses 112 (FIG. 9) of the
modified radio frequency signal 110 in the time period 0.005
and 0.007 is greater than the amplitude of the pulses 84 for
the radio frequency signal 70 (FIG. 5) for the same time
period, that is, between 0.005 and 0.007. The width of the
pulses 112 of the modified radio signal 110 in the time period
0.005 and 0.007 is the same as the width of the correspond-
ing pulses 84 for the radio frequency signal 70 for the same
time period, that is, between 0.005 and 0.007.

[0041] A reference signal, indicated at 114 in FIG. 9,
associated with the modified radio frequency signal 110 does
not vary as much as the reference signal 76 associated with
the radio frequency signal 70 of FIG. 5. This facilitates
tracking of changes in the radio frequency signal 110.

[0042] The second embodiment of the signal modifier 80
(FIG. 4) contains electrical circuitry 120 (FIG. 8) that
amplifies pulses 84 (FIG. 5) in the radio frequency signal 70
having a relatively small amplitude and compresses pulses
84 in the radio frequency signal 70 having a relatively large
amplitude. The circuitry 120 includes an amplifier 122 that
is effective to amplify the pulses 84 in the radio frequency
signal 70 having a relatively small amplitude. A transistor
124 is effective to compress the pulses having a relatively
large amplitude.

[0043] The circuitry 120 (FIG. 8) includes an input ter-
minal 126 that is connected with the envelope detector 64
(FIG. 4) and an output terminal 128 that is connected with
the display 38 of FIG. 2. The voltage conducted to the
amplifier 122 is amplified and transmitted to the output 128.
However, relatively high voltage or large amplitude pulses
84 in the radio frequency signal 70 are effective to render the
transistor 124 conducting. The output from the transistor 124
is at a lower voltage than the peak voltage of the large
amplitude pulses 84 that rendered the transistor 124 con-
ducting. Therefore, the relatively large amplitude pulses 84
in the radio frequency signal 70 (FIG. 5) are compressed or
reduced in amplitude.

[0044] The relationship of the input voltage to the circuitry
120 to the output voltage from the circuitry 120 is a
logarithmic curve having a relatively steep initial portion
corresponding to the amplification of the low amplitude
pulses 84 in the radio frequency signal 70 and a relatively
slow rising or horizontal portion at voltage levels corre-
sponding to the peak voltages of the pulses 84 in the portion
of the radio frequency signal 70 having a relatively large
amplitude. The circuitry 120 is effective to change the
amplitude of the pulses 84 (FIG. 5) without changing the
width of the pulses.
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[0045] The radio frequency signal 70 carries data that is
indicative of the fluid pressure in the tire 18. It is contem-
plated that data could be carried on the radio frequency
signal 70 in any one of many different known ways. In one
specific embodiment of the invention, the radio frequency
signal 70 is configured to transmit data as a function of the
width of the pulses 84.

[0046] The data is encoded on the radio frequency signal
70 in a four-bit binary system. Thus, the pulses are divided
into groups of four with each pulse representing either a one
(1) or a zero (0). When the pulses are to represent a one, the
pulses were relatively wide and when the pulses are to
represent a zero, they are relatively narrow.

[0047] 1t should be understood that that in FIG. 5, the
pulses 84 have all been shown as having the same width.
Thus, all of the pulses 84 are relatively wide and would
represent a one (1). However, an actual radio frequency
signal 70 would have some wide pulses and some narrow
pulses.

[0048] From the signal modifier 80, the modified radio
frequency signal, that is, either the radio frequency signal 90
of FIG. 7 or the radio frequency signal 110 of FIG. 9 is
transmitted to processing circuitry that changes the pulses
into square wave pulses 136 that extend between a voltage
of one and zero in the manner illustrated schematically in
FIG. 10. For the length of time that a pulse is above the
reference signal 96 of FIG. 7 or the reference signal 114 of
FIG. 9, the pulse is provided with a value of one volt. For
the length of time that the pulse is below the reference signal
96 or 114, the pulse has a value of zero volts.

[0049] 1In FIG. 10, the first four bit binary code is 1101 in
the manner indicated by indicia 140 disposed above pulses
136. The first two pulses and the fourth pulse are relatively
wide and represent a one. The third pulse is relatively narrow
and represents a zero. In the next group of indicia 142, the
first three pulses are relatively wide and represent a one
while the fourth pulse is relatively narrow and represents a
zero. Succeeding groups of indicia 144, 146 and 148 rep-
resent different arrangements of ones and zeroes.

[0050] 1t should be understood that FIG. 10 is merely a
schematic illustration depicting the manner in that pulse
widths are varied to represent either a zero or a one in a
four-bit binary system. Each of the groups of indicia 140-
148 represents a different number. If the indicia was truly
representative of the fluid pressure in a tire, the tire pressure
would be varying with each group of indicia. However, in an
actual installation, it is contemplated that the tire pressure
will vary slowly so that each of the groups 140-148 of
indicia would have the same arrangement of ones and
zeroes. The pulses 140 of FIG. 10 should be considered as
merely being representative of various possible combina-
tions of pulses and not as being representative of the manner
in which the fluid pressure may vary in a tire 18.

[0051] The present invention relates to an apparatus 24 for
monitoring pressure in a tire of a vehicle wheel 14. The
apparatus 24 includes a transmitter 34 that is connected with
the vehicle wheel 14 for rotation therewith. The transmitter
34 is operable to provide a signal containing data that is a
function of the fluid pressure in the tire 18 of the vehicle
wheel 14. A receiver 28 is connected with a body 16 of the
vehicle 12 to receive the signal 70 that is transmitted from
the transmitter 34.
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[0052] The signal 70 received by the receiver 28 has an
amplitude that varies as a result of rotation of the transmitter
34 with the wheel 14 of the vehicle 12. In accordance with
a feature of the present invention, the receiver 28 has
circuitry 80 that reduces amplitude variations induced as a
result of rotation of the transmitter 34 with the wheel of the
vehicle.

[0053] The circuitry 80 that reduces amplitude variations
induced as a result of rotation of the transmitter 34 with the
wheel 14 of the vehicle may include a limiter 100 that limits
the maximum magnitude of the amplitude. Alternatively, the
circuitry 80 that reduces amplitude variations induced as a
result of rotation of the transmitter 34 with the wheel 14 of
the vehicle 12 may include circuitry 120 that is effective to
amplify a portion of the signal 70 having a magnitude that
is less than a predetermined magnitude and is effective to
compress a portion of the signal 70 having a magnitude that
is less than a predetermined magnitude.

[0054] From the above description of the invention, those
skilled in the art will perceive improvements, changes and
modifications. Such improvements, changes and modifica-
tions within the skill of the art are intended to be covered by
the appended claims.

Having described the invention, the following is claimed:
1. An apparatus for monitoring a condition of a tire of a
vehicle, said apparatus including:

a transmitter rotatable with the tire and operable to
transmit a signal indicative of the tire condition, ampli-
tude variation being induced in the signal during rota-
tion of said transmitter with the tire; and

a receiver located at the vehicle and operable to receive
the signal from said transmitter, said receiver having
circuitry that compensates for the induced amplitude
variation.

2. An apparatus as set forth in claim 1 wherein said
circuitry includes a limiter that reduces the maximum mag-
nitude of the amplitude of the received signal.

3. An apparatus as set forth in claim 1 wherein said
circuitry includes a portion effective to amplify a portion of
the received signal having a maximum magnitude that is less
than a predetermined magnitude and effective to compress a
portion of the received signal having a maximum magnitude
that is greater than a predetermined magnitude.

4. An apparatus as set forth in claim 1 wherein said
circuitry includes a diode through that the received signal is
conducted to limit the amplitude of the signal to a prede-
termined maximum amplitude that is less than the maximum
amplitude of the received signal.

5. An apparatus as set forth in claim 1 wherein said
circuitry includes a first circuit component through which a
first portion of the received signal having a magnitude
greater than a predetermined value is conducted to decrease
the magnitude of the first portion and a second circuit
component through which a second portion of the received
signal having a magnitude less than a predetermined value
is conducted to increase the magnitude of the second por-
tion.

6. An apparatus as set forth in claim 1 wherein the
received signal includes pulses, said receiver includes a
portion that provides a reference signal that varies as a
function of variation in amplitude in the received signal and
that detects when portions of pulses in the received signal
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have a magnitude that is greater than the reference signal and
a magnitude that is less than the reference signal, said
circuitry that compensates for the induced amplitude varia-
tion being effective to reduce variation in the reference
signal.

7. A method of monitoring a condition of a tire of a
vehicle, said method including:

transmitting a signal indicative of the tire condition from
a transmitter at the tire;

rotating the transmitter with the tire, amplitude variation
being induced in the signal during rotation of the
transmitter with the tire;

receiving the signal from the transmitter at a receiver
located at the vehicle; and

compensating for the induced amplitude variation in the
received signal.
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8. A method as set forth in claim 7 wherein said step of
compensating includes passing the received signal through a
limiter arrangement that reduces the maximum magnitude of
the amplitude of the received signal.

9. A method as set forth in claim 7 wherein said step of
compensating includes amplifying a portion of the received
signal having a maximum magnitude that is less than a
predetermined magnitude and compressing a portion of the
received signal having a maximum magnitude that is greater
than a predetermined magnitude.

10. A method as set forth in claim 7 wherein said step of
compensating includes passing the received signal through a
diode to limit the amplitude of the signal to a predetermined
maximum amplitude that is less than the maximum ampli-
tude of the received signal.
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