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ABSTRACT PI 
An FM radar for the measurement of coal thickness 
wherein an FM transmitter is modulated by the combi- 
nation of two signals, one, for example, being of a fre- 
quency of 100 Hz, and the other being of a frequency of 
15 Hz. A horn-type antenna is used which is filled with 
a material having a dielectric constant approximating 
that of coal, the antenna being positioned flush against 
the coal. 

4 Claims, 3 Drawing Figures 
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1 
THICKNESS MEASUREMENT SYSTEM 

ORIGIN OF THE INVENTION 

4,161,731 

The invention described herein was made by an em- 5 
ployee of the United States Government, and may be 
manufactured and used by or for the Government of the 
United States for governmental purposes without the 
payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 10 

1. Field of the Invention 
This invention relates to thickness measurement de- 

vices, and particularly to the employment of FM radar 
for the measurement of coal thickness. 15 

2. General Description of the Prior Art 
Frequency modulated radar systems have been em- 

ployed to measure the thickness of coal, that is, the 
distance between the face of a seam of coal back to a 
shale or other backing of the coal. Range is measured as 20 
a frequency function, an increase in frequency of the 
detected signal indicating an increase in thickness. 
Readout of thickness is commonly accomplished by 
observing amplitude peaks of the signal on a spectrum 
analyzer. Peak maximums are denoted on the display as 25 
a series of line spectrum components spaced at the mod- 
ulating rate of the radar, typically 100 Hz. The distance 
from the radar antenna to a target, or interface of the 
coal with another medium, is apparent by a series of 
spectral lines increasing in amplitude and reaching a 30 
peak at a frequency corresponding to the distance to the 
interface. In the case of coal thickness, two or more 
peaks will be observed Corresponding to each of the 
front and back surfaces of the coal. 

radar systems used for this type of measurement. One 
involves spectrum splitting which occurs when the 
round-trip distance between the radar antenna and tar- 
get, coal interface, is an odd multiple of equivalent line 
spectrum spacings. For example, an FM-CW radar 40 
operating over a frequency range of 1.7 to 4.3 GHz with 
triangular modulation will have a range sensitivity of 
approximately 35 Hz per cm. In such case, if the radar 
video spectrum is examined, a line every 100 Hz will be 
found with a maximum amplitude corresponding to a 45 
target (coal interface) range. As an example, a target at 
a 30 centimeter range might produce a peak in energy at 
4 KHz. However, if the target to radar distance is 
changed by a small amount (approximately 1.2 cm), the 
maximum energy peak that was present before this 50 
small change in distance now becomes a minimum. This 
spectrum splitting produces two apparent targets and 
reduces operator ability to determine target range to an 
accuracy better than 100 Hz, 2.6 cm or 1.1 inch. A 
further problem in measuring thickness by radar, partic- 55 
ularly with FM-CW type systems, is the extremely large 
echo from the front coal surface, which echo overlaps 
or masks the very weak echo from the distant target 
(coal-shale interface). In fact, when the thickness of the 
coal is greater than a few inches, it becomes difficult to 60 
identify the true location of the coal-shale interface. 

It is the object of this invention to overcome the 
aforesaid and other difficulties. 

This invention deals with two of the problems of 35 

SUMMARY OF THE INVENTION 
In accordance with the basic feature of this invention, 

the frequency modulation of an FM-CW radar system 
employed in the measurement of the thickness of mate- 
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2 
rial would be produced by a signal which is a combina- 
tion of a normal frequency ramp or triangular wave 
signal and a lower frequency signal which, in effect, 
modulates the triangular wave signal. As a second fea- 
ture of this invention, the antenna would be of the horn 
type and filled with a dielectric material having a di- 
electric constant substantially the same as the dielectric 
constant of the coal or other material, the thickness of 
which is to be measured. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an electrical schematic diagram of an em- 

FIG. 2 is a pictorial view of an antenna as contem- 

FIG. 3 is a graph illustrating an improvement 

bodiment of the invention. 

plated by this invention. 

achieved by the present invention. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

Ramp generator 10 generates a ramp or triangular 
signal waveform of a frequency of 70 to 200 Hz, typi- 
cally at 100 Hz, and provides this signal waveform to 
summing amplifier 12. Signal generator 14 generates a 
sine or other shaped waveform at a frequency lower 
than the frequency output of ramp generator 10, typi- 
cally in the range of 3 to 30 Hz, and as an example, at 15 
Hz. This low frequency signal is applied as a second 
input to summing amplifier 12, and as a result, the latter 
provides a signal output which consists of the 100 Hz 
ramp waveform signal combined with the 15 Hz sub- 
modulation signal. This output is applied to a modula- 
tion input of voltage control oscillator (VCO) 16 oper- 
ating as a conventional frequency modulated radio fre- 
quency oscillator. This oscillator provides as an output 
an FM signal between 1.7 and 4.3 GHz which is applied 
to power amplifier 18. Power amplifier 18 amplifies the 
signal and applies it to diplexer 19, which then feeds this 
signal to antenna 20. 

As shown in FIGS. 1 and 2, antenna 20 is a horn-type 
antenna which is fed from a small section of wave guide 
22, in turn fed by co-axial cable input connection 24 
from diplexer 19. As shown in FIG. 1, antenna 20 is 
positioned against the coal face 25 of coal 26, the thick- 
ness of which, face 25 to shale interface 28 of shale 29, 
is to be measured. As a particular feature of this inven- 
tion, antenna 20 and wave guide 22 (FIG. 2) are filled 
with a dielectric material 27, such as silicone rubber, 
which has a dielectric constant of approximately 4.5, 
which is substantially the same as the dielectric constant 
for coal. 

Referring again to FIG. 1, it is to be noted that the 
transmitted signal commences its passage in the dielec- 
tric material back in wave guide 22, and thus the transi- 
tion to face 25 of coal 26, which is a transition between 
like dielectric materials, results in a smaller reflection of 
energy, or echo, than would normally be the case (with 
a conventional antenna with a substantial air dielectric 
region) between the antenna and coal face, 

The echo signals from face 25, coal shale interface 28, 
and shale rear surface 32 are received by antenna 20 and 
fed to diplexer 19 which feeds these signals to product 
detector 34. Product detector 34 multiplies, or mixes, a 
sample of the transmitted signal from VCO 16 with a 
reflected signal and provides the echo signals as differ- 
ence frequencies to spectrum analyzer 36. As shown, 
echo frequency 38 is representative of coal face 25, echo 
frequency 40 is representative of coal-shale interface 28, 
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and echo frequency 42 is representative of rear face 32 
of shale 29. The horizontal scale of spectrum analyzer 
36 is calibrated in distance, typically in centimeters, and 
the distance between echo frequencies is indicative of 
the spacing between faces of the coal and shale. 
FIG. 3 illustrates by dashed line 44 a plot of range 

error in centimeters versus target range in centimeters 
for a conventional FM-CW radar measurement system 
without the submodulation feature of this invention, 
and illustrates by solid line 46 a plot of range error for 10 
a system with the submodulation feature. From these 
lines, it will be noted that the submodulation feature 
provides a substantial improvement. 

As suggested above, the employment of dielectric 
filled horn antenna 20 significantly decreases the magni- 15 
tude of the front surface echo. This is important since 
the front surface echo is the stronger echo, and it tends 
to mask out the presence or exact position of an echo or 
echos from the back side of the coal or from other 
interior boundaries. Thus, by reducing the magnitude of 20 
the front echo, it becomes easier to detect the precise 
frequency position of an interior boundary, and, in fact, 
it has been found that signal recognition is improved by 
approximately 10 db. This in turn enables the signal 
processing circuitry to be less elaborate, and it may be 25 
decreased in size and cost. 

Having thus disclosed my invention, what is claimed 
is: 
1. A frequency modulated CW radar thickness mea- 

surement system comprising: 
a frequency modulatable oscillator; 
first signal generating means for generating a gener- 

ally triangular-shaped electrical waveform signal 
of a frequency of 70 to 200 Hz; 

second signal generating means for generating an 
electrical signal of a frequency of 3 to 30 Hz; 

signal combining means responsive to said first and 
second signal generating means for providing a 
modulating signal to said modulatable oscillator 
which corresponds to the output of said first gener- 
ating means modulated by the output of said sec- 
ond generating means; 

a horn-type antenna having a solid interior of non- 
conductive material; 

transmitting means responsive to said modulatable 
oscillator for coupling a replica of the output of 
said modulatable oscillator to said antenna means, 
whereby a signal is transmitted from said antenna; 

receiving means coupled to said antenna and said 
frequency modulatable oscillator for providing a 
difference signal; and 

frequency indicating means responsive to the output 
of said receiving means for indicating difference 
frequencies, which frequencies are representative 
of range of a reflection from said antenna, whereby 
the difference in distance between reflections is 
representative of opposite surfaces, and thus indic- 
ative of the distance between said surfaces and 
thereby the thickness of said body. 

2. A system as set forth in claim 1 wherein the fre- 
quency of said first signal generating means is approxi- 
mately 100 Hz, and the frequency of said second gener- 
ating means is approximately 15 Hz. 

3. A system as set forth in claim 1 wherein said mate- 
rial has a dielectric constant of 4.5. 

4. A system as set forth in claim 3 wherein the dielec- 
tric material in said antenna is silicone rubber. 
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