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[5 7] ABSTRACT 
A control system including an input device for provid 
ing a plurality of variable input signals. The input sig 
nals are combined in a multiplexer and transmitted 
acoustically through a sound pipe to a receiver. The 
signals are then separated and transmitted to one or 
more actuators or other devices for performing a con~ 
tro] function. 

15 Claims, 3 Drawing Figures 
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ACOUSTIC CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

Actuators such as hydraulic actuators are used to 
carry out many different control functions in response 
to input information. In many circumstances the actua 
tors must be remotely located and this means that con 
trol signals must be transmitted to the remote actuator. 
Often there is a requirement for high voltage electrical 
insulation between the input device and remote actua 
tors. 

The control signals can be transmitted in a variety of 
ways including the use of radio frequency signals or op 
tical transmission. The RF method is either very expen 
sive or if made less expensive, it is not adequately reli 
able. In addition, RF signals are subject to jamming. 
The optical method is either unreliable due to interfer 
ence or else dependent upon ?exible light pipes or simi 
lar devices. 

SUMMARY OF THE INVENTION 

The present invention provides a control system in 
which a control signal is transmitted acoustically. The 
acoustic signal is not as subject to jamming as an RF 
signal. The acoustic signal is preferably transmitted 
through a sound pipe which is, in effect, a sonic wave 
guide. The sound pipe can ,be a ?exible tube with a 
hard, re?ective, smooth inner surface. Such a pipe is 
superior to a ?exible fiber optics system which is much 
more easily damaged. The maintenance and repair of 
a sound pipe are much easier than the maintenance and 
repair of a ?exible ?ber optics tube. 
The acoustic signal can advantageously be transmit 

ted through the sound pipe in the form of a modulated 
acoustic carrier signal. Because a carrier is used, the 
sound pipe can have apertures therein without signi? 
cantly effecting the transmission capabilities of the 
sound pipe. An aperture in the wall of a sound pipe is 
advantageous for draining condensation from the inte 
rior of the pipe. In addition, an aperture may be created 
in the wall of a sound pipe as a result of a loose joint 
or connection between sound pipe sections. This will 
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have a negligible effect on the transmission of the - 
acoustic signal in accordance with the teachings of this 
invention. Another advantage of the acoustic sisgnal is 
that high frequencies, for example, of the order of 
15-100 KC can be utilized with 30-50 being preferred. 
This frequency range is largely unused and therefore 
the likelihood of jamming is minimized. 
The present invention is adapted to transmit multi 

plexed input signals. Each of the signals may be utilized 
to control a separate actuator or other device. The 
term “actuator" is used in a broad sense to mean a de— 
vice which moves something. One of the signals may be 
utilized to control a safety device which prevents oper 
ation of one or more of the actuators when predeter 
mined conditions are sensed. 
The acoustic signal may be transmitted through the 

sound pipe in a variety of different ways. Although dif 
ferent kinds of modulation may be utilized, amplitude 
modulation is preferred, because with frequency modu 
lation standing waves may be produced in the pipe. For 
multiple control channels, a modulation method may 
be superimposed with time or frequency multiplexed 
signals. A preferred system is interrupted carrier 
amplitude modulation/pulse duration modulation (IC 
/AM/PDM). This has the advantage of being simple in 
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2 
that it is basically a digital system. In addition, pulse du 
ration modulation rejects noise. 
For safety, the modulated acoustic carrier signal in 

cludes a relatively wide sychronizing band followed by 
a plurality of variable width bands which de?ne signals, 
the duration of which varies in accordance with the in 
telligence being transmitted. One of these signals is a 
safety signal which operates a safety device. If the 
safety signal is of a predetermined duration, all of the 
acuators being controlled can function normally; how 
ever, if the safety signal is not of the predetermined du 
ration or has a duration of zero for a few cycles, relays 
open to prevent the actuators from operating. 
The invention can best be understood by reference to 

the following description taken in connection with the 
accompanying illustrative drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic view of a control system con~ 
structed in accordance with the teachings of this inven 
tion. 
FIGS. 2a and 2b are plots of modulating signal and 

modulated acoustic carrier signals, respectively, versus 
time. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows a control system 11 constructed in ac 
cordance with the teachings of this invention. The con 
trol system 11 includes a plurality of input devices 13, 
including input devices 13a, 13b and 13¢, each of 
which is coupled to a multiplexer 15. Each of the input 
devices 13a, 13b and 13c provides a variable electrical 
input signal to the multiplexer 15. In the embodiment 
illustrated, each of the input devices 13a, 13b and 13c 
is a manual input device and has a manual control 
member 17 which is movable to provide a variable 
electrical input signal to the multiplexer 15 with the 
electrical input signal being varied in accordance with 
the position of the control member. It should be under 
stood that the-input devices 13 may be operated auto 
matically in response to various parameters such as 
those of the type which maybe obtainable from various 
sensing devices or in response to a computer program. 
Also, the input devices 13 can be integrated into a sin 
gle unit in which event the three electrical input signals 
would be derived from the movement of the manual 
control member 17 along three different axes, respec 
tively. ' 

The multiplexer 15 is coupled to a transmitter 19. 
The multiplexer 15 combines the signals from the input 
devices 13 into an input modulating signal, a character 
istic of which varies in accordance with each of the 
input signals from the input devices 13. The transmitter 
19 generates an acoustic carrier signal and modulates 
the acoustic carrier signal in accordance with the input 
modulating signal from the multiplexer 15. 
Although various methods of modulation can be em 

ployed, the illustrated embodiment of the present in 
vention employs interrupted carrier-amplitude modula 
tion-pulse duration modulation. With reference to FIG. 
2a, the modulating signal from the multiplexer 15 in 
cludes a synchronizing band 21 followed successively 
by two narrower bands 23 and 25, another synchroniz 
ing band 21, etc. The modulating signal is interrupted 
between the bands 21, 23 and 25 as illustrated. 
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The transmitter 19 produces a carrier signal 27 which 
is modulated by the modulating signal. Thus, the car 
rier signal is totally interrupted during time periods x, 
y and 2 which are between times 11 and t2, t3 and t4, 
and t5 and 16, respectively. Thus, the modulating signal 
modulates the duration of the pulses of the carrier sig 
nal 27 except for the synchronizing band 21 which is of 
?xed duration. In this manner, each of the time periods 
x, y and z is an acoustic signal which is variable. Of 
course, the variable signals could be periods other than 
the periods x, y and z. 
The modulated acoustic carrier signal (FIG. 2b) is 

transmitted through a sound pipe 29 to an acoustic re 
ceiver 31. The sound pipe 29 is in the form ofa ?exible 
tube. Maximum transmission distance is obtained if the 
pipe has a hard, sound re?ective, smooth inner surface 
33. The sound pipe 29 may be an integral pipe, or it 
may be composed of two or more sections suitably in 
terconnected. The sound pipe has an aperture 35 
therein to permit water drainage out of the sound pipe 
as when condensation forms therein. Polyethylene has 
been found to be a good material for the sound pipe 29. 
The receiver 31 provides an output modulating signal 

to a demultiplexer 37. The output modulating signal is 
substantially identical to the modulating signal shown 
in FIG. 2a. The receiver is tuned so that low frequency 
noises will not jam it and has a sufficiently broad band 
to handle the modulated acoustic carrier signal. 
The control system 11 includes two output devices 

39 and 41 and a relay controller 43. The output devices 
39 and 41 may be identical, and accordingly, only the 
output device 39 is shown in any detail. Of course, any 
numbers of the input devices 13 and output devices 39 
and 41 can be utilized, and the number of these devices 
shown in FIG. 1 is purely illustrative. 
The demultiplexer 37 separates the signals combined 

by the multiplexer 15 into three separate output signals 
for controlling the output devices 39 and 41 and the 
relay controller 43, respectively. In the embodiment 
illustrated, the demultiplexer 37 furnishes electrical 
signals to the output devices 39 and 41 which are a 
function of the duration of the signals x and y (FIG. 
2b). The demultiplexer 37 provides an electrical output 
signal to the relay controller 43 which is a function of 
the duration of the signal z shown in FIG. 211. Thus, 
each of the signals provided by the input devices 13 
performs a control function. _ 

Although the output device 39 could take different 
forms, in the embodiment illustrated, it includes a 
motor controller 45 for controlling the speed and direc 
tion of rotation of a reversible electric motor 47. The 
motor controller 45 receives the electrical output sig 
nal from the demultiplexer 37 and conditions the sig 
nal. The motor controller 45 also includes the neces 
sary servomechanisms which are responsive to the con 
ditioned signal to control the speed and direction of ro 
tation of the motor 47. 
While the motor 47 is an actuator as that term is used 

herein, it drives a pump 49 which in turn controls a hy 
draulic actuator 51. Although the actuator 51 could 
take different forms, in the embodiment illustrated, it 
includes a cylinder 53, a piston 55 mounted for sliding 
movement in the cylinder and a connecting rod 57 
mounted on the piston 55 for movement therewith. The 
piston 55 divides the cylinder into two chambers 59 
and 61. The pump 49 supplies ?uid to, and takes ?uid 
from, the chambers 59 and 61 via conduits 63 and 65. 
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4 
When the motor 47 is turned in a ?rst direction to 

drive the pump 49 in a corresponding direction, by 
draulic ?uid is taken from the chamber 61 and supplied 
to the chamber 59 to thereby move the piston 59 up 
wardly as viewed in FIG. 1. The rate of movement of 
the piston 55 is controlled by the angular velocity of the 
motor 47. By reversing the direction of the motor 47 
and the pump 49, ?uid is withdrawn from the chamber 
59 and supplied to the chamber 61 to thereby move the 
piston 55 downwardly as viewed in FIG. 1 with the ve 
locity of piston movement being a function of the an gu 
lar velocity of the motor. The hydraulic portion of the 
output device 39 may include additional items such as 
a source of hydraulic ?uid, relief valves, a mechanism 
to compensate for any unbalance in the actuator, etc. 
The motor 47 receives its power from a suitable alter 

nating current power supply 67. The circuit between 
the power supply 67 and the motor 47 includes a relay 
69 which is operated by the relay controller 43. In the 
illustrated embodiment of the invention, the relay con~ 
troller maintains the relay 67 in a closed position so 
long as the signal 2 (FIG. 2b) is within a predetermined 
narrow band and operates to open the relay 67 in re 
sponse to the signal 2 being out of such band or being 
of zero duration for a few cycles. With the relay 69 
open, the output device 39 including the actuator 51 is 
disabled. The output device 41 can be similarly dis 
abled. 
To start the system 11 the operator first moves the 

control member 17 of the input device 13a to the on 
position. This completes a circuit which powers the 
transmitter 19 and provides an electrical input signal 
from which the signal 2 (FIG. 2b) is derived. The con 
trol member 17 of the input device 13a may be spring 
biased to the off position so that if the operator be 
comes suddenly disabled, power to the transmitter 19 
is cut and the rod 57 of the actuator 51 is thereafter 
held stationary. If, due to a malfunction, the transmitter 
19 should continue transmitting, the movement of the 
off position gives the signal z a zero duration so that 
after a few cycles, the relay 69 is opened by the relay 
conroller 43 to terminate operation of the motor 47 
and movement of the rod 57. Thus, redundant safety 
devices prevent operation of the system if the operator 
becomes stricken. As the control member 17 of the 
input device 13a operates in an on-off mode, in an ac 
tual construction this control member may take the 
form of a button on one of the control members 17 of 
the input devices 13b and 130. 

In normal operation of the control system 11, the op 
erator moves one or more of the manual control mem 

bers 17 of the input devices 13b and 13c to thereby pro 
vide input information to the system. Each of the input 
devices 13b and 130 whose manual control member 17 
has been moved provides an electrical input signal to 
the multiplexer 15 which is a function of the position 
of the associated manual control member 17. The mul 
tiplexer 15 combines the input signals to form the mod 
ulating signal shown in FIG. 2a. The modulating signal 
is used by the transmitter 19 to modulate the carrier 
signal 27 to provide a modulated acoustic carrier signal 
(FIG. 2b). The duration of the signals at, y and z are 
variable depending upon the input from the input de 
vices 13b, 13c and 13a, respectively. 
The modulated acoustic carrier signal is transmitted 

through the sound pipe 29 to the receiver 31 which 
provides an output modulating signal to the demulti 
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plexer 37. The demultiplexer 3'7 separates the signals 
of the output modulating signal and transmits each of 
the signals to the appropriate output device 39, 411 or 
to the relay controller 43. For example, if the signal x 
(FIG. 2b) is of greater duration than a reference value, 
the motor 47 rotates in one direction, and if the dura 
tion of the signal x is less than the reference period, the 
motor rotates in the opposite direction. The motor 47 
is stopped when the duration of the signal x equals the 
duration of the reference period, and the velocity of the 
motor increases as the difference between the duration 
of the signal x and the duration of the reference period 
increase. The output device 41 is similarly controlled 
by the duration of the period y. 
The synchronizing band 21 and the signal 2 make it 

virtually impossible for the system 1 1 to be operated or 
jammed by extraneous sounds. In order to operate the 
system it is necessary to have many cycles each of 
which includes a signal of the relatively long duration 
of the synchronizing band followed by two signals x and 
y of variable duration and the signal 2. If the signal 2 is 
not of a predetermined duration or has a duration of 
zero for a few successive cycles, the relay controller 43 
opens the relay 69 and a corresponding relay in the out 
put device 41 to thereby prevent further operation of 
the system. Obviously, it is virtually impossible to have 
enough cycles of these signals generated externally to 
operate the output devices 39 and 411. 
Although an exemplary embodiment of the invention 

has been shown and described, many changes, modi? 
cations and substitutions may be made by one having 
ordinary skill in the art without necessarily departing 
from the spirit and scope of this invention. 

I claim: 
I. A control system conrising: 
?rst means for providing a plurality of variable elec 

trical input signals; 
multiplexer means coupled to said ?rst means for 
providing an input modulating signal which is re 
lated to said variable electrical input signal; 

transmitter means for generating an acoustic carrier 
signal and modulating said acoustic carrier signal in 
accordance with said input modulating signal; 

a receiver; 
conduit means for conducting the modulated acous 

tic carrier signal to said receiver; 
said receiver including means for providing an output 
modulating signal which is related to the modu 
lated acoustic carrier signal; 

demultiplexer means for providing a plurality of elec 
trical output signals related to said output modulat 
ing signal; 

an actuator; and 
second means responsive to at least one of said elec 

trical output signals for operating said actuator. 
2. A control system as de?ned in claim 1 wherein said 

conduit means has at least one aperture in the wall 
thereof. 

3. A control system as de?ned in claim ll wherein a 
second of said electrical output signals is capable of 
having a predetermined characteristic, said control sys 
tem including means responsive to said predetermined 
characteristic for preventing operation of said actuator. 
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4. A control system as de?ned in claim 1 ‘wherein said 
actuator is a ?rst actuator, said control system includes 
a second actuator and third means responsive to an 

6 
other of said electrical output signals for operating said 
second actuator. 

5. A control system as de?ned in claim 1 wherein said 
acoustic signal includes a plurality of acoustic pulses 
and said input modulating signal selectively interrupts 
said acoustic pulses. 

6. A control system as de?ned in claim 1 wherein said 
second means includes an electric motor, said conrol 
system including safety means responsive to a second 
of said output signals for interrupting the supply of cur 
rent to said motor to prevent operation of the actuator. 

7. A control system as defined in claim l wherein said 
output signals include a second output signal and a 
third output signal, said third output signal having a 
predetermined characteristic, said first means includes 
manual means for providing input information from 
which said variable electrical input signals are derived, 
said actuator is a ?rst actuator, said control system in 
cluding a second actuator, third means responsive to a 
second of the electrical output signals for operating 
said second actuator, and means responsive to said pre 
determined characteristic for preventing the operation 
of at least one of said actuators. 

8. A conrol system as de?ned in claim 7 wherein said 
acoustic signal includes a plurality of acoustic pulses 
and said input modulating signal selectively interrupts 
said acoustic pulses. 

9. A control system as de?ned in claim 8 wherein said 
?rst actuator includes a housing and a piston movable 
in said housing and dividing said housing into ?rst and 
second chambers, said second means including a re 
versible motor and a pump driven by said motor to 
pump ?uid between said chambers whereby said piston 
is moved in a ?rst direction as said reversible motor ro 
tates in one direction and said piston is moved in a sec 
ond direction as the motor rotates in the other direc 
tion thereof, said one electrical output signal control 
ling the direction of rotation of said motor. 

10. A control system comprising: 
an input device for providing variable input informa 

tion; 
?rst means responsive to the input information for 
producing an input signal, a characteristic of the 
input signal being variable in accordance with the 
variations in the input information; 

transmitter means responsive to said characteristic of 
the input signal for producing an acoustic signal, a 
characterisic of the acoustic signal being variable 
in accordance with variations in said characteristic 
of the input signal; 

a receiver; 
a sound pipe for conducting the acoustic signal from 
the transmitter to the receiver; 

said receiver including means for producing an elec 
trical output signal, a characteristic of the electri 
cal output signal being variable in accordance with 
variations in said characteristic of the acoustic sig 
nal; 

an actuator; 
second means responsive to said characteristic of the 
output signal for controlling the actuator; and 

said acoustic signal including a plurality of acoustic 
pulses, said pulses being arranged in a plurality of 
groups with the acoustic pulses being interrupted 
between said groups. 
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11. A control system as de?ned in claim 1 wherein 
the variable characteristic of said acoustic signal is the 
interval between adjacent pulses. 

12. A control system comprising: 
an input device for providing variable input informa 

tion; 
?rst means responsive to the input information for 
producing an input signal, a characteristic of the 
input signal being variable in accordance with the 
variations in the input information; 

transmitter means responsive to said characteristic of 
the input signal for producing an acoustic signal, a 
charcterisic of the acoustic signal being variable in 
accordance with variations in said characteristic of 
the input signal; 

a receiver; 
a sound pipe for conducting the acoustic signal from 

the transmitter to the receiver; 
said receiver including means for producing an elec 

trical output signal, a characteristic of the electri 
cal output signal being variable in accordance with 
variations in said characteristic of the acoustic sig 
nal; 

an actuator; 
second means responsive to said characteristic of the 
output signal for controlling the actuator; and 

safety means responsive to a predetermined condi 
tion of said acoustic signal for preventing operation 
of said actuator. 

13. A control system comprising: 
an input device for providing variable input informa 

tion; 
?rst means responsive to the input information for 
producing an input signal, a characteristic of the 
input signal being variable in accordance with the 
variations in the input information; 

transmitter means responsive to said characteristic of 
the input signal for producing an acoustic signal, a 
characteristic of the acoustic signal being variable 
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8 
in accordance with variations in said characteristic 
of the input signal; 

a receiver; 
a sound pipe for conducting the acoustic signal from 

the transmitter to the receiver; 
said receiver including means for producing an elec 

trical output signal, a characteristic of the electri 
cal output signal being variable in accordance with 
variations in said characteristic of the acoustic sig 
nal; 

an actuator; 
second means responsive to said characteristic of the 
output signal for controlling the actuator; and 

said actuator including a movable member, said sec 
ond means including a reversible motor and means 
for moving the movable member of the actuator in 
?rst and second directions in response to rotation 
of the reversible motor in ?rst and second direc 
tions, respectively, the direction of rotation of said 
motor being controlled by said variable character 
istic. 

14. A control system as de?ned in claim 13 wherein 
said means for moving the movable member includes 
a pump driven by said reversible motor, said actuator 
including ?rst and second fluid receiving chambers and 
said pump pumping ?uid from the ?rst chamber to the 
second chamber and from the second chamber to the 
?rst chamber when said motor is driven in said ?rst and 
second directions, respectively, to thereby move the 
movable member in the ?rst and second directions, re 
spectively. 

15. A control system as de?ned in claim 14 wherein 
the variable characteristic of said acoustic signal is the 
interval between adjacent pulses and including safety 
means responsive to a predetermined condition of said 
acoustic signal for preventing operation of said actua 
I01‘. 
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