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[57] ABSTRACT

The circuit is preferably located within an area that is
to be secured, is of the type that transmits an ultra-

sonic signal to establish an ultrasonic wave pattern in
the area, and includes doppler phase detection cir-
cuitry responsive to both the transmitted and received
ultrasonic signals for providing a doppler signal of a
frequency corresponding to the velocity of motion in
the area. In one embodiment the circuit includes a
threshold filter and a detection filter each having dif-
ferent frequency responses, both coupling to separate
inputs of a differential detector, an output accumula-
tor circuit coupled from the differential detector, and
a high pass filter for inhibiting the output accumulator
circuit upon receiving signals of above a predeter-
mined frequency, but inhibiting the accumulator for
only up to a preselected time interval. In another em-
bodiment of the invention the circuit includes, in addi-
tion to a threshold filter, detection filter, differential
detector, and output accumulator circuit, a separate
cancel channel and associated receiver transducer re-
sponsive preferably to higher frequency noise signals
at frequencies just below the frequency of the trans-
mitted ultrasonic signal to inhibit the output accumu-
lator upon receipt of such signals but only for a prese-
lected time interval.

32 Claims, 4 Drawing Figures

R LB LT
5 FILTER DETECTOR
f 16 28 29 3) 31A |-3(8
L
14 FHASE Low DETECTION
SECURED DETECTOR |-+ PASS [»AMP
N AREA — 2 FILTER FILTER 26
/ Coo 25 _ACCUM-[ALARM
20 Pr=u ATOR
TRANSMITTER )
<@~ __ | TRANSDUCER [#—{OSCILLATOR| THRESHOLD 33
WAVE 1 2 FILTER 25 {
PATTERN A 30
10 24




3,801,977

PATENTEDAPR 21974

SHEET 1 OF 3

A

; \ -~
-
-

NOILD3L13d

e

¥

G2 Y¥31nd
QTIOHS3YHL

9¢ Y3ld

NOtL0313a

\
¢e
{ _
«|Holvin
Wy [-WNOOV
-
gie— vig _m
¥010313a
aNv

HOLVYHOILNI

8¢
i

Y314
SSvd
HOIH

24 08
\\II///
~
7 9/4
02
¢z @y
43Lid iz e
dWYle SSvd R-¥010313a
MO ISVHA e

z 9l

ol

2l
dO1v0S0o

-

Y
Y

H3I0NASNVYH.L
dILLINSNVHL

b

ol \

diNY

V34V

NY3L1vd

Ef\
Av

a34no3s g

Gl
H30NASNVYHL
43IAI303Y




3,801,977
SHEET 2 OF 3

PATENTEDAPR 21974

0
A+ wm

h_ﬂ
o_ _
ol - o
y
N _ W
—— 5
_ _>+. v
: l_ )
Z 94 | =
IIIIIII HOLVT110S0 |z
_ . ZH) 92
| 2A+ 80— |
=g )
64 _<®N ol
| =]
= ¢ _
_
01D 1 on Hmjmm
GINSHOGI == 2d _
(23 L vie l!!Nb.WI
A+ . S Ao
/ sa __mm ’ by SeIy
o% en+d o “ ! 82
blo Qo 21D

SA+" | A+




3,801,977

PATENTEDAPR 2 1974

SHEET 3 OF 3

9l

H3AINdN VY [
4314 YvO

cz
£ 9/
ce 2¢
WEYIV=21 51w 1nwnoow anv|__
g1e— vig—

G2 d3inid

J710HS3YHL

92 ¥3Lld|_ |

NOI1LD313a

e

40193134
anNv

HOLVHOILINI

o

d01vT713S0

Sl
430NASNVYHL
d3A1303Y

Iy

1l
d30NASNVH L
ONILLINSNYYL

431ITdAY
d314YY0

ob
d30NASNVYHL
d3AI303Y
“130ONVD




3,801,977

1
ULTRASONIC ALARM CIRCUIT

FIELD OF THE INVENTION

The present invention relates in general to an alarm
circuit preferably disposed within a secured area for
detecting the presence of an intruder in the secured
area. More particularly, the present invention relates to
an alarm circuit of the type that transmits an ultrasonic
signal to establish an ultrasonic wave pattern in the se-
cured area. A doppler phase detection technique is
used to provide a doppler signal whose frequency at
any one time corresponds to the velocity of movement
of, for example, an intruder in the secured area.

BACKGROUND OF THE INVENTION

Many. ultrasonic intrusion detectors are suitable for
operation in a secured area under normal conditions.
However, some of these detectors indicate a false alarm
especially when a broadband noise signal is generated
such as that caused by a ringing telephone bell. An-
other problem with some existing detectors is that they
can be too easily jammed usually by using a high fre-
quency jamming signal.

It has been realized in the present invention that ul-
trasonic intrusion detectors are operated in an environ-
ment characterized by (1) motions of the intruder, (2)
a variable clutter background level consisting primarily
of air motion, and (3) spurious noise signals produced
by harmonics of sounds such as telephone bells, bang-
ing pipes, etc. The spurious background noise has no
definite frequency or amplitude characteristic whereas
the turbulence signals caused by moving air are usually
low frequency signals. Also, the turbulence signals have
a slower rate of change of velocity or amplitude than
in the case of a normal intruder signal. Thus, although
the turbulence (air motion) signal may exceed or equal
the intruder signal, the short term variations about an
average value of turbulence signals are smaller than in-
truder signals, and large value changes occur over a
number of seconds.

In the present invention it has also been realized that
higher frequency signals above the normal audio fre-
quency range which may be higher frequency harmon-
ics of audio signals, can cause a false alarm condition.
One common cause of such a false alarm condition is
a periodically ringing telephone. It is necessary to dis-
tinguish between such a false alarm condition and a
real alarm condition caused by an intruder seeking to
jam the detection circuitry by introducing an ultrasonic
high frequency signal. The present invention provides
means for differentiating between these two conditions.

OBJECTS OF THE INVENTION

One important object of the present invention is to
provide an improved ultrasonic alarm circuit that is ex-
tremely sensitive to the presence of an intrudér and yet
provides means for preventing false alarm conditions.

Another object of the present invention is to provide
an ultrasonic intrusion detection circuit that includes
means for providing an alarm condition when the cir-
cuit is being jammed by an intruder.

A further object of the present invention is to provide
an ultrasonic alarm circuit in accordance with the pre-
ceding objects that is relatively compact, inexpensive
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to fabricate, that is sturdy, and that can be easily hid-
den in the secured area.

SUMMARY OF THE INVENTION

According to the present invention, the ultrasonic in-
trusion detection circuit is adapted for use in a secured
area and generally comprises a transducer means for
transmitting an ultrasonic signal to establish an ultra-
sonic wave pattern in the area, a second transducer
means for receiving the reflected ultrasonic signal, and
means responsive to the transmitting and receiving
transducer means for registering a doppler signal of a
frequency corresponding to the velocity of motion in
the area. The circuit further includes a difference cir-
cuit and a first frequency responsive means, preferably
including a filter circuit, coupled to a first input of the
difference circuit for establishing a frequency depen-
dent threshold signal at the first input of the difference
circuit. A second frequency responsive means, prefera-
bly also a filter circuit, is coupled to the second input
of the difference circuit for establishing a frequency de-
pendent detection signal at the second input. An output
alarm means is coupled from the output of the differ-
ence circuit and is responsive to the detection signal ex-
ceeding the threshold signal for providing an alarm
condition.

In the preferred embodiment the detection circuit
may also comprise a third frequency responsive means,
preferably a filter network, which is also coupled from
the means for registering to the output alarm means
and is adapted to pass high frequency signals above a
thousand cycles per second, for example, to inhibit the
output alarm means, but only up to a predetermined
time interval. After the termination of this time interval
if the high frequency signals are still being received this
is interpreted as a jamming signal and the inhibiting sig-
nal to the output alarm means is removed thereby al-
lowing the generation of an alarm condition. Also, in a
preferred embodiment of the present invention the first
frequency responsive means for establishing the fre-
quency dependent threshold signal has a frequency re-
sponse in the normal intruder frequency band that is
sufficiently decreased to provide for sensitive detec-
tions in that frequency range of, for example, 20 to 300
cycles per second.

In an alternate embodiment of the present invention
the ultrasonic intrusion detection circuit generally
comprises transducer means for transmitting an ultra-
sonic signal to establish an ultrasonic wave pattern in
the area, first receiving transducer means for receiving
the reflected ultrasonic signal, and means responsive to
said transmitting and said first signal receiving means
for registering a doppler signal of a frequency corre-
sponding to the velocity of motion in the area. In this
embodiment the detection circuit also includes output
circuit means coupled from said means for registering
and responsive to a predetermined band of said doppler
frequencies for providing an alarm condition. in this al-
ternate embodiment a second tranducer means is pro-
vided and is responsive to a group of frequencies pref-
erably just below said first frequency. This second
transducer means is coupled to the output circuit
means for inhibiting said output circuit means for a pre-
selected time interval, but enables generation of the
alarm condition after the predetermined time interval
elapses.



3,801,977

3
BRIEF DESCRIPTION OF THE DRAWINGS

Numerous other objects, features and advantages of
the invention should now become apparent upon a
reading of the following detailed description taken in
conjunction with the appended drawings in which:

FIG. 1 is a block diagram of a preferred embodiment
of the ultrasonic alarm circuit of the present invention;

FIG. 2 shows a detailed circuit diagram of the pre-
ferred embodiment of the ultrasonic alarm circuit of
FIG. 1,

FIG. 3 shows a partial block, partial circuit diagram
of an alternate embodiment of the present invention;
and

FIG. 4 shows various waveforms associated with the
embodiments of the present invention shown in FIGS.
1-3.

DETAILED DESCRIPTION

Referring now to the drawings and in particular to
the block diagram of FIG. 1, there is shown a preferred
embodiment of the ultrasonic alarm circuit of the pres-
ent invention comprising transmitting means 19 for es-
tablishing an ultrasonic wave pattern in the secured
area, receiving means 14 for receiving the reflected ul-
trasonic signal, detection circuitry 20, filter circuitry
24, and output circuitry 30.

The transmitting means 10 includes a transmitter
transducer 11 and free-running oscillator 12. The oscil-
lator 12 may be of conventional design, and may in-
clude an astable multivibrator operating at a frequency
of 26 KHZ, for example. The output of the oscillator 12
is coupled to transducer 11 whose output in turn estab-
lishes an ultrasonic wave pattern in the secured area.
Transducer 11 may also be of conventional design. The
output of oscillator 12 also couples to detection cir-
cuitry 20.

The receiving means 14 includes a receiving trans-
ducer 15 and an amplifier 16. The transducer 15 may
be of conventional design, receives reflected ultrasonic
signals transmitted from transducer 11 and couples the
signals to amplifier 16. The signals on the input to am-
plifier 16 are in the millivolt range and are amplified by

amplifier 16 whose output couples to detection cir-

cuitry 20.

The detection circuitry 20 of FIG. 1 generally com-
prises a phase detector 21, a low pass filter 22, and an
amplifier 23. The phase detector 21 receives two in-
puts, one from oscillator 12 at a 26 KHZ rate, and a
second input from amplifier 16.

When there is essentially no movement in the se-
cured area the phase difference between the transmit-
ted and received signals remains constant and the out-
put of the phase detector 21 is a rectified 26 KHZ sig-
nal of constant amplitude. When an intruder enters the
secured area the output of the phase detector 21 is a
modulated 26 KHZ signal, which is modulated at a fre-
quency corresponding to the motion of movement in
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the secured area. The output of the detector 21 then .

passes to low pass filter 22 which removes the high fre-
quency carrier. The output of filter 22 couples to am-
plifier 23 which amplifies the doppler signal and cou-
ples the lower frequency signal to the filter circuitry 24.

In this specification and the accompanying claims the
term “doppler signal' refers to the phase detected sig-

65

4

nal of frequency corresponding to the velocity of mo-
tion in the secured area, “intruder signal” refers to the
doppler signal occasioned by an intruder movement,
and “‘turbulence signal” refers to the doppler signal oc-
casioned by turbulence or air motion.

The filter circuitry 24 generally comprises threshold
filter 25, and a detection filter 26, having differential
detector 27 associated with both filters 25 and 26, and
high pass filter 28. The threshold filter 25 is preferably
a notch filter which may have a frequency response
similar to that shown in FIG. 4. At frequencies about
10 hertz the threshold filter 25 has a relatively high
gain, whereas at about 80 hertz the gain of filter 25 de-

"creases thus providing a more sensitive detection level

for the device. Above approximately 300 hertz the
threshold filter 25 again has a relatively increased gain.

The detection filter 26 is a band pass filter and may
have a frequency response like the one shown in FIG.
4. In FIG. 4 the gain of the threshold and detection fil-
ters are about equal at approximately 12 hertz, and the
gain of the detection filter is relatively flat throughout
the band of expected intruder frequencies. The gain .of
the detection filter 26 then falls off at approximately
250 hertz.

The threshold and detection filters 25 and 26 prefer-
ably include rectifying means and capacitor-integrator
means for converting the frequency signals into a cor-
responding DC level. The output of filters' 25 and 26
connect to a differential detector 27 which may be a
conventional differential amplifier. When the output
from the -detection filter 26 exceeds the output from
the threshold filter 25 the differential detector 27 re-
sponds and couples an alarm signal to output circuitry
30. ‘

The filter circuitry 24 also includes high pass filter 28
which has a frequency response as shown in FIG. 4. Fil-
ter 28 is not responsive to frequencies in the intruder
band generally but is responsive to frequencies of 1,600
cycles or more. The output of high pass filter 28 cou-
ples to an amplifier 29 which may be a conventional
amplifier. The output of amplifier 29 couples to inte-
grator and detector 31 which may be considered as
comprising a part of the output circuitry 30. ‘

When no higher frequency signals are detected by fil-
ter 28 an enabling signal is provided on output line 31A
from integrator and detector 31. At the same time an
inhibiting signal is present on line 31B and the accumu-
lator 33 does not receive a charging current by way of
line 31B. When an intruder detection is sensed by dif-
ferential detector 27 the alarm signal is coupled by way
of AND gate 32 to accumulator 33. After a charge ac-
cumulation time of approximately 2 seconds, for exam-
ple, accumulator 33 assumes an alarm condition. Accu-
mulator 33 may include an alarm relay which is prefer-
ably unlatched to indicate the alarm condition.

When a high frequency signal is received from filter
28 the integrator and detector 31 respond by providing
an inhibiting output on line 31A which inhibits AND
gate 32 preventing any detection by way of detection
filter 26 and threshold filter 25. However, at the com-
mencement of the high frequency signal a charge path
is provided via line 31B to accumulator 33 and the ac-
cumulator 33 is charged at a slower rate than when it
is charged via AND gate 32. After a predetermined
time accumulator 33 reverts to its alarm condition.
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In a preferred embodiment output circuitry 30 is de-
signed so that the receipt of a high frequency signal for
a relatively short time at less than a 50 percent duty
cycle does not cause activation of accumulator 33.
Such a signal could be caused by a ringing telephone
bell. However, when the high frequency signal persists
for greater than a predetermined time interval, or at
greater than a 50 percent duty cycle the charge current
provided by way of line 31B causes accumulator 33to
revert to its alarm condition.

Referring now to FIG. 2 there is shown a detailed cir-
cuit diagram of the ultrasonic alarm circuit of FIG. 1.
FIG. 2 shows the 26 KHZ oscillator 12 which couples
to the transmitting transducer 11. The oscillator 12 also
couples to phase detector 21. R

The receiving transducer 15 receives the reflected
ultrasonic signal and couples the signal to amplifier 16.
Amplifier 16 is a two stage amplifier including stages
17 and 18. Stage 17 includes an FET transistor Q1 and
a bipolar transistor Q2 along with associated biasing re-
sistors and coupling capacitors. Similarly, the second
stage 18 also includes a field effect transistor Q3 and
a bipolar transistor Q4 along with associated biasing re-
sistors and coupling capacitor. The output of amplifier
16 may be taken at potentiometer P1 which couples
from the emitter of transistor Q4 to ground. The setting
of potentiometer P1 determines the gain of amplifier
16 and thus serves as a range control for the circuit of
the present invention.

The doppler phase detector 21 generally comprises
transistor Q5 and resistors R1 and R2. Transistor QS is
cyclically conductive and non-conductive at a 26 KHZ
rate as controlled by oscillator 12. Thus, the junction
between resistors R1 and R2 is cyclically grounded and
floating depending upon whether transistor QS is con-
ductive or cut off. When transistor Q5 is conducting
the signal from amplifier 16 is essentially grounded,
and when transistor Q5 is turned off the signal is al-
lowed to pass to low pass filter 22. When there is no in-
truder motion in the secured area the phase of the sig-
nal from amplifier 16 remains constant with reference
to the 26 KHZ signal and thus capacitor C1 of low pass
filter 22 remains charged to a relatively constant value.
If an intruder enters the secured area the phase of the
signal from amplifier 16 changes in accordance with
the velocity of movement of the intruder and a corre-
sponding low frequency is detected by capacitor C1. In
essence, filter 22 removes the carrier component (26
KHZ) of the phase detector signal and has an output
proportional to the phase difference between the trans-
mitted and received ultrasonic signals.

Capacitor C1 also couples to the base of transistor
Q6, and the collector of transistor Q6 couples to capac-
itor C2 which functions as a further low pass filter.
Transistor Q6 may be considered as another amplifying
stage between the low pass filter 22 and filter capacitor
C2. In order to remove the DC phase component from
the signal and to further prevent slow phase changes
due to oscillator drift and atmospheric changes from
affecting the system, the capacitor C3 is coupled from
the collector of transistor Q6 to amplifier 23. Amplifier
23 has biasing resistors associated with its input and
also has impedance means connected between its input
and output for stabilizing the operation of amplifier 23
and for controlling or setting its gain.

The output of amplifier 23 couples by way of capaci-
tor C4 to the threshold filter 25 and the detection filter
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26. The detection filter 25 includes a filter section 25A
and a rectifier section 25B. Similarly, detection filter
26 includes a filter section 26A and a rectifier section
26B. The filter section 25A shown in FIG. 2 is a con-
ventional Bridge-T filter network and includes resistors
RS, R6, and R7, and capacitors C5 and C6. Capacitor
CS5 is arranged to pass the lower frequencies, and ca-
pacitor C6 is arranged to pass higher frequencies. The
values of resistors R5-R7 and capacitor C5 and C6 are
conventionally chosen to provide a notched frequency
response such as the one shown in FIG. 4.

The output of filter section 25A couples to diode D1
of rectifier section 25B. The rectifier section also in-
cludes a pair of resistors and a storage capacitor C7.
The rectifier section 25B rectifies the alternating signal
from filter section 25A and integrates the signal. Ca-
pacitor C7 in FIG. 2 is a 100 microfarad capacitor and
the rectifier section 25B has a time constant of approxi-
mately 2 seconds.

The detection filter section 26A comprises a conven-
tional band pass filter including capacitors C8 and C9
and resistors R8 and R9. The frequency response of the
filter section 26A may be the same as the one shown in
FIG. 4.

The output of filter section 26A couples by way of
diode D2 to rectifier section 26B which also includes
a resistor R10, capacitor C10, and potentiometer P2.
Potentiometer P2 is used to initially set the detection
level at the input to amplifier 27. The diode D2 rectifies
the frequency signal from filter section 26A and capac-
itor C10 integrates this rectified signal. Capacitor C10
is a ten microfarad capacitor and the time constant of
the rectifier section 26B is on the order of one-third
second. Capacitors C7 and C10 couple, respectively, to
separate inputs of difference detector 27.

The filter network 24 discriminates between input
signals occasioned by the presence of an intruder and
input signals that occur from environmental changes
which cause different types of turbulence in the se-
cured area. An indicated in FIG. 4, the gain of the de-
tection filter is higher than the gain of the threshold fil-
ter over the range of frequencies (12 to 250 hertz)
where the probability of intruder motion is the highest.
On the other hand, the threshold filter has a higher gain
where the probability of turbulence is higher (12 hertz
and lower) and has a decreased gain where the proba-
bility of turbulence can be expected to be low and
where the intruder motion probability is high. It is the
filter section 25A and 26A that thus provide the fre-
quency weighting of the doppler signal.

As previously mentioned, the turbulence signals tend
to be in the lower portion of the frequency spectrum
below 50 cycles. However, the rate of change of veloc-
ity and amplitude of turbulence signals is usually much
slower than for normal intruder signals. Turbulence sig-
nals may equal or exceed intruder signals in amplitude,
yet the short time variations about an average value are
smaller for turbulence signals than for intruder signals.
Also, for turbulence signals large average value
changes usually occur over a number of seconds. This
realization of the characteristics of turbulence and in-
truder signals has led to the adoption of time weighting
in the circuitry of the present invention. This time
weighting is provided by rectifier sections 25B and
26B.

In order to provide the time weighting the time con-
stant of the threshold rectifier section 25B is longer
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than the time constant of the detection rectifier section
26B. In one embodiment the time constant of section
25B is six times longer than that of section 26B. The
time constants of both sections 25B and 26B are deter-
mined in part by capacitors C7 and C10, respectively.
Whereas the time constant of an RC network is the
product of the resistance and capacitance, the larger
value of capacitor C7 (100 microfarad) provides a
longer charging time constant than the time constant
provided by capacitor C10 (10 microfarad).

Therefore, for turbulence signals, the output varia-
tions of the detection rectifier section 26B occur gradu-
ally and the output of the threshold rectifier section
25B has time to alter its threshold level so as not to be
sensitive to these types of variations. On the other
hand, 'when there is intruder motion which is more
abrupt than turbulence motion, and even though the
intruder motion may be at a relatively low frequency of
say 50 hertz, the faster time constant of the detection
rectifier section 26B permits sensitive intruder detec-
tions even at relatively low doppler frequencies.

The differential detector 27 may be of conventional
design and may include a differential amplifier. When
the voltage across capacitor C10 exceeds the voltage
across capacitor C7, thereby indicating that an intruder
motion has been detected, the output of the differen-
tial detector 27 goes from a negative or ground level to
a positive voltage level. The output of differential de-
tector 27 couples to AND circuit 32 which may be con-
sidered as comprising diodes D3, D4, and D5 and resis-
tor R11 which couples to the +V2 power supply. When
high pass filter 28 is not activated, diode D5 is back-
biased. When the output of differential detector 27 is
positive diode D3 is also back-biased and a charging
current is provided by way of resistor R11 and diode
D4 to accumulator 33. Accumulator 33 generally com-
prises transistors Q7-Q10, alarm relay K1, zener diode
ZD1, capacitor C11, and associated biasing resistors.
As previously mentioned, in addition to the input by
way of line 31A to accumulator 33 there is also a charg-
ing input provided form integrator and detector 31 via
line 31B to accumulator 33. The operation of this input
is discussed in more detail hereinafter with reference to
the discussion of high pass filter 28 and integrator and
detector 31.

Transistor Q7, resistor R12 and zener diode ZD1
provide a current source for capacitor C11. When the
output of differential detector 27 is positive and diode
D3 is back-biased the charging current by way of resis-
tors R11 and R12 is fed across the collector and emitter
of transistor Q7 to one side of capacitor C11. Transis-
tor Q7 is functioning essentially as a current source and
thus, the charge across capacitor C11 rises linearly.
After a predetermined charging time period the voltage
at the base of transistor Q8 goes sufficiently positive
with respect to the voltage at the emitter of transistor
Q8 to cause this transistor to turn off. When this oc-
curs, transistors Q9 and Q10 also turn off inhibiting
current from relay coil K1 and thereby causing an
alarm condition. Previously, when capacitor C11 was
not charged all of the transistors Q8, Q9, and Q10 were
conducting. A malfunction of any one of the transistors
Q8-Q10 causes an alarm condition thereby signalling
that one of these transistors has malfunctioned, or al-
ternatively, that there has been an actual alarm. In one
embodiment the charge time of capacitor C11 is two
seconds when charged via line 31A.
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The output of amplifier 23 also couples to high pass
filter 28. In the embodiment shown high pass filter 28
may be of conventional design and comprises capaci-
tors C12-C14 and resistors R13 and R14. The filter 28
has its components chosen so that it has a frequency re-
sponse similar to the one shown in FIG. 4.

The purpose of the high pass filter 28 and associated
circuitry is primarily to distinguish between broadband
noise - signals such as those generated by telephone
belis, banding pipes, etc., which contain high frequency
harmonics, and a jamming signal that may be used by
an intruder to prevent the generation of an alarm con-
dition.

The output of high pass filter 28 couples by way of
biasing resistors to amplifier 29. Amplifier 29 also in-
cludes impedance means connected between its input
and output for stabilizing the operation of the amplifier
and for controlling its AC or DC gain.

The output of amplifier 29 couples to integrator and
detector 31 which generally comprises transistors Q11,
Q12, and Q13. Whén no high frequency signals are
being detected by way of high pass filter 28 integrator
and detector 31 is in a condition wherein transistor
Q11 is cutoff, transistor Q12 is conductive, and transis-
tor Q13 is cutoff. For this condition there is no charg-
ing current provided by way of line 31B and with tran-
sistor Q13 off diode D5 is back-biased . as previously
discussed. However, when a higher frequency signal of,
for example, 1,000 hertz is detected by high pass filter
28 the output of amplifier 29 goes negative turning on
transistor Q11. This action in turn causes transistor
Q12 to stop conducting and transistor Q13 to go into
conduction. Diode D5 is then forward biased because
the +V3 supply voltage is more negative than the +V2
supply voltage (Vi=+12 volts, V2=+7.5 volts and
V3=+4.7 volts) and no charging current can be pro-
vided by way of diode D4 and resistor R12 to accumu-
lator 33. However, with transistor Q12 off a charging
current is provided by way of line 31B and resistor R15
to transistor Q7 of accumulator 33.

Thus, the detection of a high frequency signal inhibits
any detections by way of differential detector 27 but
allows a slower charge rate by way of resistor R15 and
transistor Q7 to capacitor C11. After a slow charge rate
of approximately six seconds capacitor C11 is suffi-
ciently charged to cause transistor Q8 to turn off. This
turns off transistors Q9 and Q10 and generates an.
alarm condition.

Referring now to FIG. 3 there is shown another em-
bodiment of the present invention. Much of the cir-
cuitry shown in FIG. 3 is similar to the circuitry shown
in the block diagram of FIG. 1, and the corresponding
circuit diagram of FIG. 2. Thus, the like blocks in FIG.
3 carry the same reference numbers as their counter-
parts in FIG. 1.

In particular, the threshold filter 25, detection filter
26, and differential detector 27 operate in the same
manner as discussed with reference to the same ar-
rangement shown in FIGS. 1 and 2. Also, the AND cir-
cuit 32 and accumulator 33 may be identical to the
ones shown in FIG. 1 and 2. The structure of the inte-
grator and detector 31 may also be the same as the one
shown in FIGS. 1 and 2.

In the embodiment of FIG. 3 a separate cancel chan-
nel transducer is used in place of the high pass filter 28
of FIG. 1. This transducer 49 is responsive to high fre-
quency signals close to the frequency of oscillator 12
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and may be more particularly responsive to signals in
the 24 kilohertz area. The circuit embodiment of FIG.
3 also includes an AGC control loop 50. The loop 50
allows the receiver to operate over a large dynamic
range of input signals and the loop has a time constant
of about four seconds. This loop is responsive to the
output of amplifier 23 and controls the average DC
level of the phase detected signal.

The oscillator 12 is a 26 KHZ oscillator, the output
of which couples to transmitting transducer 11. The
output of the transducer 11 is an ultrasonic signal that
establishes an ultrasonic wave pattern in the secured
area. The receiver transducer 15 receives the reflected
signal from transducer 11 and couples this signal to car-
rier amplifier 16. Carrier amplifier 16 amplifies the mil-
livolt signal from transducer 15 to higher voltage levels.

The output of oscillator 12 also couples by way of
diode D8 to FET transistor Q14. Transistor Q14 func-
tions in a similar manner to transistor QS of FIG. 2 and
couples to the midpoint between resistors R1 and R2.
An AGC (automatic gain control) voltage is provided
by way of diode D9 from AGC loop 50 to the gate elec-
trode of FET transistor Q14. The output of oscillator
12 causes transistor Q14 to alternatively conduct and
switch between it low resistance state and its high resis-
tance state. The current fed by way of diode D9 con-
trols the high resistance state of transistor Q14 and
transistor Q14 and resistor R1 form a variable voltage
divider which controls the amplitude of the signal at the
junction of resistors R1 and R2. Thus, the network in-
cluding transistor Q14 serves the double function of
phase detection and AGC control.

Resistor R2 couples to capacitor C1 and also to the
gate electrode of FET transistor Q15. Capacitor C1 is
a low pass filter that removes the carrier component
from the signal. Capacitor C2 also couples to transistor
Q15 and further functions as a low pass filter. Capaci-
tor C3 removes the DC component of the doppler sig-
nal and couples from transistor Q15 to the input of am-
plifier 23. Amplifier 23 has various resistors associated
with the input circuit for properly biasing the amplifier
and also includes impedance means connected be-
tween its input and output for stabilizing the amplifier
and controlling its AC or DC gain.

The output of amplifier 23, in addition to coupling to
threshold filter 25 and detection filter 26, also couples
to AGC loop 50. Loop 50 comprises a rectifying diode
D10 and a low pass filter comprising capacitor C12.
The output of amplifier 23 is rectified by diode D10
and the signal is integrated by capacitor C12. The volt-
age across capacitor C12 is then fed by way of diode
D9 during the absence of a signal by way of diode D8
to control the high impedance state of transistor Q14.

The cancel receiver transducer 40 has a somewhat
lower frequency response than the main channel re-
ceiver transducer 15. This channel detects signals
which have a frequency content which is lower than but
near the carrier frequency and which is high up in the
normal audio band. The cancel channel is thus not sen-
sitive to normal audio signals unless they have harmon-
ics which are close to the carrier frequency where in-
terference with the main detection channel can occur.
Detection of noise at a frequency close to the carrier
frequency indicates a high probability that the main
channel also contains noise because of the broadband
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characteristics of noise. The detected noise is used to
gate off or cancel the main channel signal during the
noise interval in a similar manner to the inhibiting pro-
vided by the high pass filter 28 of FIG. 1. For example,
if a telephone rings the circuit of the present invention
does not activate an alarm as a phone ring occurs at
leass than a 50 percent duty cycle.

However, to prevent jamming of the circuitry
through the transducer 40 the integrator and detector
31 includes an output by way of line 31B to accumula-
tor 33. In one embodiment the accumulator 33 has a
charge time of 8 seconds by way of line 31B. Thus, if
a jamming signal is being provided for in excess of §
seconds or at a duty cycle of say greater than 50 per-
cent the accumulator 32 will generate an alarm condi-
tion.

The cancel receiver transducer 40 may be of conven-
tional design and carrier amplifier 41 may be similar to
amplifier 16.

Having described certain embodiments of the present
invention is should be apparent that numerous other
embodiments of the invention exist and numerous
modifications may be made in the disclosed embodi-
ments, all of which are contemplated as falling within
the spirit and scope of the present invention. For exam-
ple, one particular network has been disclosed for each
of the filters, but other filter arrangements can be used
as long as they have the desired frequency response.

What is claimed is:

1. An ultrasonic intruder detection circuit for use in
a secured area comprising:

means for transmitting an ultrasonic signal to estab-

lish an ultrasonic wave pattern in the area;

means for receiving the reflected ultrasonic signal;

means responsive to said transmitting and said re-

ceiving means for registering a doppler signal ofa
frequency corresponding to the velocity of motion
in the area;

a difference circuit;

first frequency responsive means coupled from said

means for registering to a first input of said differ-
ence circuit for establishing a frequency dependent
threshold signal at the first input;
second frequency responsive means coupled from
said means for registering to a second input of said
difference circuit for establishing a frequency de-
pendent detection signal at the second input;

output alarm means coupled from an output of said
difference circuit responsive to said detection sig-
nal exceeding said threshold signal for providing an
alarm condition,

and third frequency responsive means coupled from

said means for registering to said output alarm
means for passing doppler signals of a frequency
higher than the frequency of an intruder doppler
signal to thereby inhibit said output alarm means
and prevent the generation of an alarm condition
for a predetermined time duration.

2. The circuit of claim 1 wherein said output alarm
means includes an accumulator circuit having a charg-
ing means that is charging during the predetermined
time duration and means coupled to the charging
means and responsive to the termination of the prede-
termined time duration for generating an alarm condi-
tion.

3. The circuit of claim 1 wherein said means for
transmitting an ultrasonic signal includes an oscillator
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circuit operating at a carrier frequency and said means
for registering a doppler signal includes a phase detec-
tor coupled from and responsive to both said oscillator
and said means for receiving for providing a modulated
carrier signal modulated at a rate corresponding to the
velocity of motion in the area.

4. The circuit of claim 3 comprising a low pass filter
coupled between said phase detector and said first and
second frequency responsive means for removing the
carrier frequency from the modulated signal to provide
the doppler signal.

5. The circuit of claim 1 wherein each said first and
second frequency responsive means includes an RC fil-
ter network.

6. The circuit as claim 5 wherein said first frequency
responsive means includes a notch filter having a de-
creased gain at the middle of a predetermined range of
frequencies comprising an intruder frequency band. in
comparison to the gain of the second frequency respon-
sive means. .

7. The circuit of claim 6 wherein said intruder fre-
quency band extends between 12 hertz and 250 hertz.

8. The circuit of claim 5 wherein said second fre-.

quency responsive means includes a band pass filter
having a constant gain higher than the gain of the first
frequency responsive means over the range of frequen-
cies commencing at 12 Hertz and ending at 250 Hertz.

9. The circuit of claim 1 wherein said first and second
frequency responsive means each include a filter net-
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work and each have a low frequency operating point

where their gains are equal and a high frequency oper-
ating point where their gains are equal, the gain of the
second frequency responsive means being greater in
the frequency range between said first and second op-
erating points than the gain of the first frequency re-
sponsive means.

10. The circuit of claim 1 wherein said first frequency
responsive means includes a notch filter, said second
frequency responsive means includes a band pass filter,
and further comprising a high pass filter coupled from
said means for registering to said output alarm means
for passing signals above a frequency of 1,000 hertz.

11. The circuit of claim 10 wherein said output alarm
means includes an AND circuit coupled from said dif-
ference circuit and an accumulator circuit coupled
from the AND circuit. '

12. The circuit of claim 11 comprising a detection
circuit coupled from said high pass filter and having a
first line coupled to the AND circuit for enabling the
AND circuit in the absence of a passing of signals
above 1,000 hertz, and a slow charge line coupled to
the accumulator for charging the accumulator at a
slower rate than when it is charged via the AND circuit
in the presence of signals above 1,000 hertz.

13. The circuit of claim 12 wherein said AND circuit
is inhibited during the time that said high pass filter is
passing signals above 1,000 hertz.

14. An ultrasonic intruder detection circuit for use in
a secured area comprising:

means for transmitting an ultrasonic signal to estab-

lish an ultrasonic wave pattern in the area;

means for receiving the reflected. ultrasonic signal;

means responsive to said transmitting and said re-

ceiving means for registering a doppler signal of a
frequency corresponding to the velocity of motion
in the area;
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first frequency responsive means coupled from said
means for registering for passing doppler signals in
the expected intruder frequency range;

second frequency responsive means coupled from
said means for registering for passing doppler sig-
nals above the expected intruder frequency range;

and output timing means having a first input coupled
from said first frequency responsive means and a
second input coupled from said second frequency
responsive means;

said output timing means responsive to said first fre-
quency responsive means for generating an alarm
condition after a first predetermined time period.

said output timing means responsive to said second
frequency responsive means for generating an
alarm condition after a second predetermined time
period which is longer than said first predeter-
mined time period.

15. The circuit of claim 14 wherein said output tim-
ing means includes a charge accumulator circuit having
a capacitor means and means for charging said capaci-
tor means at two different charge time constants.

16. The circuit of claim 15 comprising an AND cir-
cuit responsive to both said first and second frequency
responsive means for permitting a charging of said ca-
pacitor means over the first predetermined time period
in the absence of signals from said second frequency
responsive means detected above a frequency of 250

-Hertz.

17. The circuit of claim 16 wherein said AND circuit
is inhibited in the presence of signals detected above a
predetermined range of frequencies comprising an in-
truder frequency range and set accumulator is charged
over the second predetermined time period.

18. An ultrasonic intruder detection circuit for use in

a secured area comprising:
means for transmitting an ultrasonic signal of a first
frequency to establish an ultrasonic wave pattern in
the area;
means for receiving the reflected ultrasonic signal,
means responsive to said transmitting and said re-
ceiving means for registering a doppler signal of a
frequency corresponding to the velocity of motion
in the area; ‘ o

output alarm means coupled from said means for reg-
istering and responsive to a predetermined fre-
quency band of said doppler signal for providing an
alarm condition;

transducer means responsive to signals of said first

frequency and coupled to said output alarm means
for inhibiting said alarm condition for a preselected
time interval. ) )

19. The circuit of claim 18 wherein said means for
registering includes a phase detector responsive to both
said means for transmitting and said means for receiv-
ing for providing said doppler signal and amplifying
means.

20, The circuit of claim 19 comprising an automatic
gain control loop coupled from said amplifying means
to said phase detector for controlling the DC value of
the doppler signal.

21. The circuit of claim 20 wherein said means for
transmitting includes an oscillator and said phase de-
tector includes a field effect transistor which is cycli-
cally turned off by the oscillator, the on-time resistance
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of the transistor being controlled by the automatic gain
control loop.

22. An ultrasonic intrusion detection system for use
in a secured area comprising:

means for transmitting an ultrasonic signal to estab-

lish an ultrasonic wave pattern in the area;

means for receiving the reflected ultrasonic signal;

means responsive to said transmitting and said re-

ceiving means for registering a doppler signal of a
frequency corresponding to the velocity of motion
in the area;

first frequency responsive means coupled from said

means for registering for establishing a frequency
dependent threshold signal;

second frequency responsive means coupled from

said means for tegistering for establishing a fre-
quency dependent detection signal;

detection means for receiving said threshold and de-

tection signal;

output alarm means coupled from an output of said

detection means responsive to said detection signal
exceeding said threshold signal for providing an
alarm condition;

and first and second averaging means coupled re-

spectively from said first and second frequency re-
sponsive means to said detection means.

23. The system of claim 22 wherein each said averag-
ing means includes a time integrating circuit.

24. The system of claim 22 wherein each said averag-
ing means includes means defining a charging time con-
stant.

25. The system of claim 24 wherein the charging time
constant of said averaging means of said second fre-
quency responsive means is less than the time constant
of the averaging means of the first frequency respon-
sive means.

26. The system of claim 25 wherein each said averag-
ing means includes a rectifying means and capacitor
means.’

27. An ultrasonic intrusion detection system for use
in a secured area comprising:

means for transmitting an ultrasonic signal to estab-

lish an ultrasonic wave pattern in the area;

means for receiving the reflected ultrasonic signal;

means responsive to said transmitting and said re-

ceiving means for registering a doppler signal ofa
frequency corresponding to the velocity of motion
in the area;

first frequency responsive means coupled from said

means for registering for establishing a frequency
dependent threshold signal;

second frequency responsive means coupled from

said means for registering for establishing a fre-
quency dependent detection signal;

detection means for receiving said threshold and de-
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tection signals;

and output alarm means coupled from an ouput of
said detection means responsive to said detection
signal exceeding said threshold signal for providing
an alarm condition;

said first and second frequency responsive means

each including filter means having a low frequency
operating point wherein their gains are equal, the
gain of the first frequency responsive means being
greater at frequencies below said low frequency
operating point.

28. The system of claim 27 wherein said filter means
each include a filter network and each have a high fre-
quency operating point wherein their gains are equal,
the gain of the.second filter network being greater in
the frequency range between said low and high operat-
ing points than the gain of the first filter network.

29. An ultrasonic intrusion detection system for use
in a secured area comprising:

means for transmitting an ultrasonic signal to estab-

lish an ultrasonic wave pattern in the area;

means for receiving the reflected ultrasonic signal;

means responsive to said transmitting and said re-

ceiving means for registering a doppler signal of a
frequency corresponding to the velocity of motion
in the area;

first frequency responsive means coupled from said

means for registering for establishing a frequency
dependent threshold signal;

second frequency responsive means coupled from

said means for registering for restablishing a fre-
quency dependent detection signal;

detection means for receiving said threshold and de-

tection signals;

output alarm means coupled from an output of said

detection means responsive to said detection signal
exceeding said threshold signal for providing an
alarm condition;

and third frequency responsive means responsive to

signals of a frequency higher than the frequency
corresponding to an intruder,

said third frequency responsive means coupled to

said output alarm means to inhibit said ouput alarm
means and prevent an alarm condition.

30. The system of claim 29 wherein said third fre-
quency responsive means includes a transducer means.

31. The system of claim 30 wherein said transducer
means is responsive to signals of a frequency on the
order of the frequency of the transmitted ultrasonic sig-
nal.

32. The system of claim 29 wherein said third fre-

quency responsive means includes a filter network.
* * * * *



