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A capacitive type proximity sensor having substantial 
range and sensitivity between a machine and an intrud- 
ing object in the immediate vicinity of the machine and 
having a steerable sensing field has an outer electrical 
conductor on the machine forming one electrode of a 
sensor capacitor, the other electrode is the object. The 
outer conductor is a thin sheet of conductive material 
with a pair (or more) of intermediate electrical conduc- 
tors located between the outer conductor and the ma- 
chine. The pair of intermediate electrical conductors 
are in close proximity to each other and together form 
a surface having a size substantially larger than the 
outer conductor to act as a shield for reducing the para- 
sitic capacitance between the outer conductor and the 
machine and to steer the sensor field. The pair of inter- 
mediate conductors are thin sheets of conductive mate- 
rial substantially wider than the first conductor. T h e  
outer and pair of intermediate conductors are attached 
to a surface on the machine in electrical isolation and 
with no gaps between the conductors and no gap be- 
tween the surface and the pair of intermediate conduc- 
tors. The outer and pair of intermediate conductors are 
also in conformance with each other and the surface of 
the machine, and the surface of the machine acts as a 
ground plane. Variable gain voltage follower circuits 
are used for coupling, in phase, the instantaneous volt- 
age at the outer electrical conductor to the pair of inter- 
mediate electrical conductors and a signal generator is 
coupled to the outer conductor and is responsive to the 
capacitance of the sensor capacitor for generating a 
control signal to the machine. 

10 Claims, 4 Drawing Sheets 
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STEERING CAPACTFLECTOR SENSOR 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the United States Government, and may be manu- 
factured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 
thereon or therefor. 

TECHNICAL FIELD 
This invention relates generally to proximity sensor 

apparatus and more particularly to a safety sensor in 
which a machine such as a robot senses the proximity to 
objects including humans at a range sufficient to pre- 
vent collisions. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This invention is related to an invention shown and 
described in US. patent application Ser. No. 
07/710,845, now U.S. Pat. No. 5,166,679, entitled 
“Driven Shielding Capacitive Proximity Sensor”, filed 
in the name of John M. Vranish and Robert L. McCon- 
nell on Jun. 6, 1992. The above is assigned to the as- 
signee of the present invention. Moreover, the teachings 
of this related application is herein meant to be incorpo- 
rated by reference. 

- BACKGROUNDART 
Prior methods for obtaining directional range infor- 

mation include laser range sensors, cameras, ultrasound, 
optical proximity sensors, and multiple independent 
capacitance proximity sensors. Laser sensors require 
complicated, expensive, and often large scanning mech- 
anisms to steer the laser beam, and their performance 
can be adversely affected by object surface characteris- 
tics. Cameras also tend to be comparatively large, com- 
plicated, and expensive, and the task of processing the 
image is computationally intensive, even when dedi- 
cated targets are placed on the objects in the image. 
Ultrasound sensors are less precise and less physically 
distributed than capacitance proximity sensors, and 
either multiple sensors or some form of steering mecha- 
nism must be used. Ultrasound does not work in outer 
space. Optical proximity sensors are also less physically 
distributed necessitating many independent sensors or a 
complicated steering mechanism to be used. Sensing 
range is generally significantly less than capacitance 
proximity sensors, and ambient lighting conditions can 
interfere with their operation. 

Multiple independent capacitance proximity sensors 
require more support electronics and hardware, they 
require more space, they may operationally interfere 
with each other, and they do not have the capability to 
change the amount that each sensing field overlaps with 
the others. 

The present invention provides a means of obtaining 
directional proximity sensing while maintaining the 
inherent attributes of the basic Driven Shielding Capac- 
itive Proximity Sensor. The present invention sensor is 
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light weight, -robust, simpli, and inexpensive, and a 
minimum amount of electronics is needed to steer the 65 
sensing field. In addition, unlike video image process- 
ing, interpretation of the sensor output is extremely 
simple. 

2 
STATEMENT OF THE INVENTION 

It is therefore an object of the present invention to 
provide an improvement to the prior art Driven Shield- 
ing Capacitive Proximity Sensor. 

Another object of the invention is to provide an im- 
proved capacitive sensor for proximity sensing insofar 
as it relates to a robot’s ability to prevent collisions with 
objects coming into relatively close proximity thereto. 

These and other objects are achieved by providing an 
invention that separates the reflective shield of the 
Driven Shielding Capacitive Proximity Sensor into two 
separate halves, and drives each half with independent 
voltage amplifiers. The independent amplifiers are the 
mechanism by which the sensing field is directed, or 
steered. The ability to steer the sensing field allows a 
user to determine the presence of, and/or range to, an 
object in different directions from the sensor. This in- 
formation can then be used to update robot path plan- 
ning for obstacle avoidance, or extract object shape 
information for imaging purposes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. la is a top view of the prior art Driven Shield- 

ing Capacitive Proximity Sensor. 
FIG. l b  is a diagram illustrating the electric field 

distribution of the prior art Driven Shielding Capacitive 
Proximity Sensor. 

FIG. 2a is a top view of the Steering Capiciflector 
Sensor according to the present invention. 

FIG. 2b is a diagram illustrating the electric field 
distribution of the Steering Capiciflector Sensor with 
the field steered to the right. 

FIG. 3 is an electrical schematic diagram illustrative 
of the preferred embodiment of the invention. 

FIG. 4 is a top view of an alternative embodiment of 
the present invention. 

FIG. 5 is a graph of data showing the response of a 
typical Steering Capaciflector Sensor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention extends the capability of the basic 
Driven Shielding Capacitive Proximity Sensor or 
“Capaciflector” sensor shown in FIGS. la and 16 by 
providing a mechanism to steer the capacitive sensing 
field. The basic Capaciflector, first developed by J. 
Vranish and R. McConnell (referred to above in cross 
reference to related applications), senses the presence of 
object 20 within its field by the resulting shift in fre- 
quency of an oscillator circuit. The key element in the 
prior art Capaciflector design is reflective shield 22 
which shields sensor 18 from, nearby ground 16 and 
which forces sensor 18 field lines away from sensor 18, 
providing sensor 18 with a significant sensing range 
improvement over other forms of capacitive sensors. 

FIG. 2a shows a top view and FIG. 2b shows an edge 
view of the present invention, a Steering Capaciflector 
Sensor while FIG. 3 shows the associated circuitry of 
the invention. In this embodiment of the invention, 
shield 22 is divided up into two shields, left shield 22a 
and right shield 22b. As in the prior art Capaciflector, 
left shield 220 and right shield 226 are driven in phase 
with capacitive sensor 18, but they are not frequency 
sensitive to nearby objects as is sensor 18. Thus sensor 
18 is shielded from nearby ground 16 (e.g., a robot arm) 
such that the capacitance between sensor 18 and ground 
16 is substantially reduced if not eliminated. A relatively 
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low frequency oscillator circuit 24 operating at, for 
example, 20 Khz is coupled to a circuit node 26 to 
which the capacitive type proximity sensor 18 is con- 
nected for the configuration shown in FIG. 2B. The 
total capacitance 19 between sensor 18 and intruding 5 
object 20 is comprised of capacitance Cxof Sensor 18 to 
ground 16, the series combination of the capacitance 
C, from sensor 18 to object 20 and the capacitance c, 
of object 20 to ground 16. The composite of these three 
capacitances comprise a tuning capacitance for oscilla- 10 
tor 24 which is configured from comparator 28, sensor 
18, a voltage divider comprised of two fixed resistors 30 
and 32, and the series resistors 34 and 36 which act as 
feedback resistors between the output of comparator 28 
and negative (-) and positive (+) inputs, respectively. 15 
Voltage follower circuits comprised of operational am- 
pliers (op amps) 38a and 386 couple the instantaneous 
voltage at circuit node 26 to left and right shieIds 2 2  
and 226 respectively. Resistors 2a and 2b are variable 
resistors used to control shield 22a and 226 voltages 20 
respectively. Resistors 40 and 46 are gain resistors that, 
in conjunction with resistors 2amd 2~ determine ampli- 
fier 38, and 386 gain respectively. 

Because object 20 is grounded, total capacitance 19 is: 

intruding object in the immediate vicinity of the ma- 
chine and a steerable sensing field, comprising: 

an outer electrical conductor on said machine form- 
ing one electrode of a sensor capacitor, the other 
electrode comprising said object, said outer con- 
ductor comprising a first thin sheet of conductive 
material; 

a plurality of intermediate electrical conductors 10- 
cated between said outer conductor and said ma- 
chine, said plurality of intermediate electrical con- 
ductors in close proximity to each other, said plu- 
rality of intermediate electrical conductors to- 
gether comprising a surface having a size substan- 
tially larger than said outer conductor acting as a 
shield for reducing the parasitic capacitance be- 
tween said outer conductor and said machine, said 
plurality of intermediate conductors comprising a 
plurality of thin sheets of conductive material to- 
gether substantially wider than said fmt conduc- 
tor; 

said outer and plurality of intermediate conductors 
attached to a surface on said machine with no gap 
between said conductors and no gap between Said 
surface and said plurality of intermediate conduc- 
tors, the surfaces of said outer and plurality of 

c19 = csg+ c m  intermediate conductors conjoining with each 
other and said surface of said machine, said con- 
ductors being electrically isolated from one an- 
other and said surface of said machine acting as a 
ground plane; 

first circuit means for coupling, in phase and with 
variable gain, the instantaneous voltage at said 
outer electrical conductor to said plurality of inter- 
mediate electrical conductors; 

second circuit means coupled to said outer conductor 
and being responsive to the capacitance of said 
sensor capacitor for generating a control signal to 
said machine. 

2. The sensor of claim 1 wherein said plurality of 
40 intermediate electrical conductors comprises a pair of 

intermediate electrical conductors. 
3. The sensor of claim 1 wherein said plurality of 

intermediate electrical conductors comprises four inter- 

25 

Since detection of small changes in C19 are desired, the 
capacitance from the sensor to ground C, must be rela- 
tively small and shields 22a and 226 operate to force the 30 
field lines from ihe sensor 18 towards object 20 as much 
as possible as $ h o w  in FIG. 26. The result is the same 
when object 20 is not grounded as explained in the 
Driven Shielding Capacitive Proximity patent. 

tor Sensor is identical to the Driven Shielding Capaci- 
tive Proximity Sensor except that left shield 22u and 
right shield 226 voltages steer the sensing field. For 
example, increasing right shield 226 voltage above that 
of left shield 22u steers the sensing field to the right. 

FIG. 5 shows actual test results measured with a 
prototype Steerhg Capacfiector Sensor. It confirms 
that significant steering of the sensing field occurs. 

The method of operation of the Steering Capaciflec- 35 

mediate electrical conductors. 
ALTERNATE OF 45 4. The sensor of claim 1 wherein said first circuit 

means comDrises voltaee follower circuits comprised of INVENTION 
r u 

The one-axis Steering Capaciflector Sensor described operational amplifiers. 
above can be extended into a two-axis steering sensor by 5. The sensor of claim 4 wherein said second circuit 
using four independent shields 2% 226, 2 2 ,  22f as means comprises a signal generator having an output 
shown in FIG. 4. By appropriately controlling the volt- 50 signal indicative of the capacitance of said sensor capac- 
ages of the four shields, this arrangement makes possible itor. 
steering in both the X and the Y directions. Of course, 6. The sensor of claim 5 wherein said signal generator 
the size, shape, and relative spacing of the four shields comprises a variable frequency oscillator. 
can be customized to meet individual sensing needs. 7. The sensor of claim 1 wherein said machine com- 

variations of the present invention are possible in light 8. The sensor of claim 7 wherein said robotic appara- 
of the above teachings. It is therefore to be understood tus comprises a movable member of said robotic appara- 
that the present invention can be practiced otherwise tus. 
than as specifically described herein and still will be 9. The sensor of claim 8 wherein said movable mem- 
within the spirit and scope of the appended claims. 

10. The sensor of claim 9 wherein said articulated 

To those skilled in the art, many modifications and 55 prises a robotic apparatus. 

60 ber comprises an articulated member. 

member comprises a robotic arm. 
I claim: 
1. A capacitive type proximity sensor having substan- 

tial range and sensitivity between a machine and an * * * * +  

65 


