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(57) ABSTRACT 
An apparatus and method which enables a weapon 
(usually on a test firing range) only when the weapon is 
aimed at a predetermined zone around a target. A trans 
mitter subsystem comprising a strobe light, power sup 
ply and alignment scope is disposed at or near the target 
and oriented so as to transmit strobe light pulses of 
preselected pulse frequency, pulse duration and spectral 
content at a receiving subsystem. The receiving subsys 
tem disposed at or near the weapon optically focuses 
the received strobe pulses on a detector, which provides 
electrical signals in accordance with the received 
pulses. These electrical signals are processed by detec 
tor electronics so that an enable signal is provided to the 
weapon only when a pair of pulses is detected within a 
preseslected time interval. In this way, the present in 
vention prevents unwanted firing of the weapon when it 
is not properly aimed at the predetermined zone. 

17 Claims, 4 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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1. 

WEAPON FRING INHIBITOR METHOD AND 
APPARATUS 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufac 
tured, used, and licensed by or for the United States 
Government for governmental purposes without the 
payment to me of any royalty thereon. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to weapon 

firing control devices and methods, and, more particu 
larly, to a weapon firing inhibitor for use with a tank 
mounted weapon on a test firing or training range. 

2. Related Art 
Conventional weapon fire control or inhibitor sys 

tems often used electrical or electromechanical technol 
ogy to provide the desired fire control or inhibition. 
Representative of these systems is U.S. Pat. No. 
2,391,473 to Mullen which shows a system which inhib 
its a gun mounted on an aircraft from firing while a 
portion of the aircraft is in the line of fire of the gun. A 
photocell is separated from a light source by an opaque 
screen so that movement of the gun causes the screen to 
move relative to the light source and the photocell. The 
screen has openings which are arranged to cause the 
photocell to be illuminated by the light source when 
ever the position of the gun brings the aircraft into its 
line of fire. Specifically, the incident light upon the 
photocell energizes a solenoid coil which renders the 
gun inoperative. 
A similar system is shown in U.S. Pat. No. 2,450,551 

to Harrington, Jr. The Harrington, Jr. system is for a 
weapon mounted on a ship. A photocell is illuminated 
by a light source through an opening in an opaque 
screen whenever the weapon is aimed away from the 
ship. The absence of light upon this photocell renders 
the weapon inoperative. Thus, the weapon cannot inad 
vertently fire on the ship. 
The Mullen and Harrington, Jr. systems are limited to 

protecting only the structures of the supporting vehicle. 
In contrast, on a firing range and in actual combat envi 
ronments, it is desirable that the weapon be inhibited 
from firing unless it is aimed properly at a target: this is 
needed in order to protect objects on the range, popu 
lated areas beyond the normal projectile impact zone, 
"friendly' equipment on the battlefield, and the sup 
porting vehicle itself. 
One approach used to achieve these goals has been to 

inhibit the firing of a weapon whenever it receives an 
electromagnetic signal from the object at which it is 
aimed. For example, U.S. Pat. No. 3,400,393 to Ash 
shows a weapon safety mechanism which utilizes an 
electromagnetic wave receiving means to inhibit a small 
arms weapon from firing when aimed at a person (1) 
wearing a transponder radiating the proper electromag 
netic wave or (2) wearing a garment or other device 
capable of reflecting the electromagnetic wave radiated 
by transmitting means associated with the weapon. 
Another approach is that shown in U.S. Pat. No. 
2,472,136 to Whitlock. In Whitlock, a transponder lo 
cated on each protected object or vehicle radiates a 
coded electromagnetic wave upon detecting a pulse 
modulated electromagnetic wave radiated by the 
weapon having a fire control mechanism. In turn, the 
weapon receives the coded electromagnetic waves and 
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2 
is inhibited from firing at those objects from which it 
has received such signals. 

Conventional systems using this approach give pro 
tection only to those objects from which the weapon 
receives an electromagnetic beam or signal. However, 
any other object on the battlefield or on the test range 
without the transmitting equipment providing the elec 
tromagnetic beam or signal that is properly detected is 
in danger of being fired upon. A more effective ap 
proach is to identify that which constitutes a proper 
target(s) or object(s) as opposed to identifying all "im 
proper' targets or objects: this approach allows such 
improper targets or objects to be present even if they 
are unforeseen. 

In accordance with this approach, conventional sys 
tems used on test firing ranges equip intended targets or 
objects with electromagnetic transmitters which enable 
the weapon tested only when it is aimed in a manner so 
that it receives an electromagnetic beam from an in 
tended target. Representative of such conventional 
systems are those shown in U.S. Pat. No. 2,042,174 to 
Foisy, U.S. Pat. No. 3,945,133 to Mohon etal and U.S. 
Pat. No. 4,349,337 to Pardes. Each shows a simulation 
training device which indicates that a weapon has "hit" 
an intended target on a screen when an electromagnetic 
detector on the weapon is aligned with an electromag 
netic beam reflected off the target screen. Note that 
each of these systems utilizes weapons which receive an 
electromagnetic beam in lieu of firing an actual bullet or 
projectile. 

This approach also has been applied to situations in 
which live ammunition is fired at targets on a test range. 
Representative of such conventional systems is that of 
U.S. Pat. No. 3,703,845 to Griew, which teaches a small 
arms test firing range in which a hand-held weapon is 
enabled whenever a receiver on the weapon receives a 
continuous infrared beam from a transmitter located 
near an intended target. Reception at the weapon of the 
infrared beam from the target indicates that the weapon 
is properly pointed towards the target. 
However, the Griev system exhibits several deficien 

cies or limitations, particularly with respect to large 
caliber vehicle-mounted weapons test firing over ex 
tended firing distances at intended targets. Specifically, 
the Griev system uses a continuous wave infrared 
source at the target which needs to be accurately de 
tectable only over the range of a hand-held weapon 
(which is practically limited to less than a few hundred 
meters). In contrast, the range of a large caliber weapon 
(typically several hundred to several thousand meters) 
increases the distance by an order of magnitude over 
which such infrared source must be accurately detect 
able. In such a case, large amounts of power would be 
required to transmit a continuous wave infrared beam of 
a sufficient intensity so as to overcome the attenuation 
produced by the atmosphere and the interference 
caused by ambient radiation (such as sunlight and heat 
propagated by heated objects). The signal-to-noise ratio 
that can be obtained for a given power level over the 
extended distances present in test ranges for large cali 
ber weapons is significantly reduced due to, among 
other things, radiation of substantially the same fre 
quency emitted by the sun, and the dispersion of the 
transmitted beam due to dust, rain and other environ 
mental conditions. The reduced signal-to-noise ratio 
deteriorates the detectability of the transmitted continu 
ous wave signal. Note that a transmitter capable of 
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generating a continuous wave signal of such power 
would be large (and thus of limited portability) and 
costly to manufacture and maintain. In addition, an 
infrared signal is not seen by the human eye, which 
would prevent a visual confirmation of the signal by a 
weapon operator. 
Another deficiency or limitation of the Griew system 

is that the detector circuit of the weapon being test fired 
is susceptible to improper or "false' triggering by 
flashes of radiation such as that produced by the reflec 
tion of sunlight off a reflective surface. The occurrence 
of a flash of radiation could result in the improper firing 
of the test weapon. On an open, outdoor test range 
which typically covers thousands of square meters, the 
probability of such an improper firing occurring is often 
too high to obtain the desired safety of operation. 

Furthermore, the Griew system would require exten 
sive modifications to transform a conventional weapon 
(either hand-held or vehicle-mounted) into one suitable 
for use on the test range. The Griew system also re 
quires input from four detectors to the control circuit in 
order to determine whether the weapon should be en 
abled for firing. The required modifications shown for 
the Griew system are designed particularly for use with 
small firearms, and may not be suitable for the more 
complex firing mechanisms of larger weapons. It should 
be appreciated that the inclusion of the Griew control 
circuit into the firing mechanism of complex weaponry 
would require costly modifications. Also once a 
weapon is modified, it cannot be operated off the test 
range; custom built weapons for use only on the test 
range would be the net result. Further, the Griew sys 
tem requires that the test weapon be connected through 
the control circuit to a guard ring of electromagnetic 
beams that inhibit the test weapon should an object 
interrupt any of the beams. It is impractical for a 
weapon to be physically or electromagnetically con 
nected to a fixed position on an open range, which 
would be required if the guard ring of electromagnetic 
beams is used. Gun emplacement thus would be re 
stricted to terrains suitable for maintaining contact with 
the guard ring. 

SUMMARY OF THE INVENTION 

The present invention is an apparatus and method for 
enabling a weapon only when it is aimed at a predeter 
mined zone around a target. The present invention has 
particular applicability for weapon testing on a test or 
training range, where the weapon is vehicle-mounted 
and is of a large caliber firing over a long distance. 

In one embodiment, the present invention comprises 
a transmitting subsystem and a receiving subsystem. 
The transmitting subsystem is disposed at or near the 
target, and comprises a strobe light, a power supply, 
and an alignment scope. The strobe light, which is pow 
ered by the power supply, generates strobe light pulses 
of a preselected pulse frequency, pulse duration and 
spectral content. The transmitting subsystem is aligned 
using the alignment scope so that the strobe light pulses 
are transmitted toward the receiving subsystem when 
the weapon is aimed at the predetermined zone. Be 
cause strobe light pulses are employed, the power sup 
ply required to power the strobe light can be very small 
to produce a given instantaneous light intensity as com 
pared to a conventional system utilizing a continuous 
transmitted light. 
The receiving subsystem is disposed at or near the 

weapon and is aligned (using an alignment scope) with 
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4. 
respect to the transmitting subsystem so as to receive 
the strobe light pulses when the weapon is aimed at the 
predetermined zone. The receiving subsystem, in a pre 
ferred embodiment, comprises an optical assembly, a 
detector, and associated detector electronics. Specifi 
cally, the optical assembly receives the strobe light 
pulses transmitted from the transmitter subsystem and 
focuses them on a film plane at which the detector is 
disposed in or adjacent to. The detector generates an 
electronic signal in accordance with each received 
strobe light pulse that is focused onto the plane. These 
electrical signals are processed by the detector electron 
ics so that an enable signal is first provided only when 
two of the strobe light pulses are detected within a 
preselected time interval. 
The preferred detection approach in accordance with 

the apparatus and method of the present invention is as 
follows. Each electrical signal corresponding to a re 
ceived strobe light pulse is first high pass filtered so as 
to remove unwanted low frequency and D.C. compo 
nents, and is then amplified by a preselected amount. 
The high pass filtered, amplified signal is provided to a 
comparator, which provides an output digital pulse 
whenever the input signal exceeds a preselected thresh 
old level. This output digital pulse (if present) is pro 
vided to a pair of cascaded non-retriggerable one-shot 
multivibrators and associated digital logic gates so that 
a time window beginning after the lapse of a first prese 
lected time interval is defined after the receipt of this 
first digital pulse. The output of the cascaded pair of 
multivibrators and associated digital logic gates is sup 
plied to a retriggerable one-shot multivibrator, which 
generates an output signal when another output digital 
pulse is received during the time window; the duration 
of this output signal is selected so that it will be pro 
vided for a preselected time period greater than the time 
period between successive strobe light pulses. This out 
put signal is used to generate an enable signal. In this 
way, the enable signal (during normal operation when 
the weapon is aimed at the predetermined zone) is pro 
vided while the detector electronics is processing the 
next received strobe light pulse. This results in the appa 
ratus and method of the present invention enabling the 
weapon as long as it is aimed at the predetermined zone. 
The receiving subsystem preferably is disposed inside 

an appropriate electromagnetic interference resistant 
enclosure (typically steel) so that it does not provide an 
enable signal improperly due to electromagnetic or 
radio frequency interference. Further, the receiving 
subsystem utilizes integrated circuit technology and 
associated discrete components which require low 
power to operate. In this way, the receiving subsystem 
can be utilized with a vehicle or other portable type of 
weapon so that such weapon can be tested in normal 
battlefield conditions on the test firing range. 
The use of the strobe light pulses and the time win 

dow for detection results in the present invention not 
incorrectly enabling the weapon due to environmental 
conditions or single light flashes reflected off of objects 
on the test firing range. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Various objects, features and attendant advantages of 

the present invention will be more fully appreciated as 
the same becomes better understood from the following 
detailed description of the present invention when con 
sidered in connection with the accompanying drawings, 
in which: 
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FIG. 1 is a side view of a preferred embodiment of 
the receiving subsystem 118 and the transmitting sub 
system 120 of the present invention; 
FIG. 2 is a block diagram of an embodiment of the 

photodetector 108 and detector electronics 110 of the 
receiving subsystem 118; 

FIG. 3 is a schematic diagram of a preferred embodi 
ment of the photodetector 108 and detector electronics 
110 of FIG. 2; and 
FIG. 4 is a timing diagram showing the operation of 

the embodiment of FIG. 3, wherein the vertical axis of 
each plot represents amplitude and the horizontal axis 
of each plot represents time. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Briefly, the present invention is a method and appara 
tus for controlling the firing mechanism of a weapon 
system (such as a tank) in order to prevent the weapon 
system from being capable of firing unless it is pointed 
within a predetermined zone around a desired target. 
This ensures that the weapon system will not damage or 
harm objects outside of the predetermined zone. When 
used on a firing range, the present invention allows 
weapon systems to be tested without running the risk of 
damaging objects outside of the predetermined zone 
around the target at which the weapon is being fired. 
As discussed in greater detail below, the present in 

vention has particular applicability to large weapons 
systems which fire projectiles at targets displaced in the 
range of 500-4,000 meters from the weapon. A typical 
example of a suitable weapon system with which the 
present invention can be employed is a weapon 
mounted on a tank or other moving vehicle. It should be 
noted, however, that while a tank-mounted weapon is 
used in the following description of the present inven 
tion, the present invention is not limited to such a 
weapon and can be employed with any type of weapon 
system (for example, a weapon system carried by a 
soldier such as a wire-guided missile or a bazooka) and 
any type of target (whether moving or stationary). 
The present invention allows the control of the firing 

of a weapon system to take place in normal battlefield 
conditions. Environmental factors such as ambient light 
level, dust and other particulate matter, optical reflec 
tions off of reflective surfaces (which are not repetitive 
or continuous), precipitation (in the form of rain, sleet 
or snow), temperature, etc., can be compensated for by 
the present invention over normal ranges of operation 
without an improper firing taking place. This allows the 
present invention to be used in the various situations in 
which such weapons normally operate; these are mim 
icked during test firings on firing ranges and the like. 

Referring now to FIG. 1, a side view of a representa 
tive embodiment is shown of the receiving subsystem 
118 and the transmitting subsystem 120 of the present 
invention. In summary, the transmitting subsystem 120 
is located at or near the target (not shown) at which the 
weapon (not shown) is to be fired. The transmitting 
subsystem 120 generally comprises a strobe light 102, a 
strobe alignment scope 106, and a power supply 104. 

Strobe light 102 generates a strobe light output (indi 
cated generally by a pair of arrows) of a preselected 
pulse frequency, pulse duration, and spectral content. A 
representative example of a suitable strobe light 102 is a 
Chadwick Helmuth Model 270 of Chadwick Helmuth, 
Monrovia, Calif. Any particular pulse frequency, pulse 
duration or spectral content can be used which will 
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6 
allow the present invention to operate properly in the 
firing environment in which it is utilized. For example, 
a representative range for the pulse frequency is 50-500 
pulses per second, with a preferred pulse frequency of, 
for example, 166 flashes or pulses per second. A repre 
sentative range for the pulse duration is 0.1-50 micro 
seconds, with a preferred duration of 8 microseconds. A 
representative spectral content is that of a strobe light 
operating partially in the visible range (300-2,000 nano 
meters), with a preferred spectral content being in the 
range of 500-1,500 nanometers. Note that the present 
invention is not limited to these ranges, and that other 
pulse frequencies, pulse durations and spectral contents 
can be used and are within the scope of the present 
invention. 
The strobe light 102 is supplied with electric power 

by the power source or supply 104 for producing the 
strobe light output. Any suitable type of power source 
104 can be employed. A suitable example for power 
source 104 is a Chadwick Helmuth Model 236. Typi 
cally, power source 104 requires 120VAC at low cur 
rent as may be provided by a portable AC generator or 
battery operated inverter. This allows the transmitting 
subsystem 120 to be located at or near a target which is 
not disposed near electric power lines. It should be 
understood that the present invention is particularly 
suitable for use in field applications not near electric 
powerlines because of the very low power required due 
to the very low duty cycle of the strobe light 102. A 
battery operated inverter or AC generator is necessary. 

Alignment scope 106 of the transmitting subsystem 
120 is used in conjunction with a detector alignment 
scope 112 of the receiving subsystem 118 so that the 
strobe output of the strobe light 102 can be focused in a 
desired manner at the receiving subsystem 118. Any 
suitable type of optical assembly that allows the output 
of the strobe light 102 to be focused in a proper manner 
at the receiving subsystem 118 can be employed. A 
representative example of a suitable optical assembly for 
alignment scope 106 is a Model K10-1 scope made by 
W. R. Weaver Co., El Paso, Tex. The focusing of the 
output of the strobe light 102 at the receiving subsystem 
118 is discussed in detail below. 
Turning now to the receiving subsystem 118, it is 

disposed at or near the weapon (not shown) so that it 
receives the strobe light propagated from the transmit 
ting subsystem 120 when the weapon (such as the barrel 
of the gun) is aimed at the target so as to be within the 
preselected zone surrounding the target. Typically, the 
receiving subsystem 118 is suitably mounted to the 
mantlet 114 of a tank main weapon (not shown). 
The receiving subsystem 118 basically comprises a 

detector lens assembly 109, a photodetector 108, detec 
tor electronics 110 (which is housed in an enclosure 
113), and the detector alignment scope 112. Briefly, 
detector lens assembly 109 receives the strobe light 
propagated from strobe light 102 when the weapon is 
pointed within the predetermined zone around the tar 
get. Any suitable optical system can be used for detec 
tor lens assembly 109 which produces the desired focus 
ing. A representative example for detector lens assem 
bly 109 is a Vivitar 600 mm f8.0 solid catadioptric lens 
made by the Applied Optics Division of Perkin-Elmer, 
Garden Grove, Calif. Note that the predetermined zone 
around the target is defined by the placement of the 
transmitting subsystem 120 relative to the receiving 
subsystem 118 together with the electronics and optics 
that are used. 
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The received strobe light is focused by the detector 
lens assembly 109 onto the photodetector 108, which 
generates an electronic output signal supplied to the 
detector electronics 110. Detector electronics 110 
supplies relay coil voltage 416 (as shown in FIG. 4H) to 
relay 344 to enable firing circuit 224 on relay lines 116 
after two consecutive strobe light pulses are received 
having an amplitude, pulse frequency, pulse duration 
and spectral content within specified ranges; detector 
electronics 110 continues to supply this relay coil volt 
age 416 as long as such consecutive strobe pulses are 
detected. As soon as such consecutive strobe pulses are 
not detected (and subsequent to time delays in the re 
ceiving subsystem 118), detector electronics 110 ceases 
to enable the firing circuit 224 on relay lines 116. The 
weapon is enabled only when the weapon firing pulse 
can propagate through the relay lines 116. It thus can be 
appreciated that the receiving subsystem 118 enables 
the weapon only when it is pointed within the predeter 
mined zone around the target. 

Environmental factors such as those discussed above 
cannot result in improper operation of the receiving 
subsystem 118 of the present invention for the following 
reasons. As noted above, the relay coil voltage 416 
enables relay lines 116 only when successive strobe 
pulses (propagated from the transmitting subsystem 
120) are received and are above the preselected ampli 
tude level and within the preselected pulse frequency, 
pulse duration and spectral content ranges. False trig 
gering of the receiving subsystem 118 by a non-continu 
ous, single pulse or flash of light (such as that produced 
by the reflection of sunlight off a shiny surface) cannot 
result in the weapon being enabled. 
The present invention also allows the transmitting 

subsystem 120 to operate using a low total light power 
output because strobed light is used. In conventional 
systems employing a continuous light signal, the power 
output of the light must be very high in order for the 
receiving station to be able to detect it over the normal 
distances which separate the transmitter from the re 
ceiver. The use of strobed light in the present invention 
requires only a low total light power output because the 
duty cycle of the strobe light is very low. In other 
words, the amplitude of the strobe pulse is very high, 
but the average power output for the signal over time is 
low because of the low duty cycle that is used. Further, 
since the receiving subsystem 118 detects strobe signals 
in accordance with their pulse frequency, the detection 
"window” of the receiving subsystem 118 is able to 
differentiate this light from unwanted ambient and envi 
ronmental factors. This produces a higher signal-to 
noise ratio for a given total light power output as com 
pared to that of a conventional system using continuous 
light. 

Electromagnetic interference (EMI) and radio fre 
quency interference (RFI) also are prevented from 
causing improper operation of the receiving subsystem 
118 because the detector electronics 110 is housed in 
enclosure 113. Enclosure 113 can be fabricated from any 
material and be configured having any shape that pro 
duces the desired EMI and RFI shielding. A suitable 
material for enclosure 113 is steel. 
FIGS. 2, 3 and 4 show the structure and operation of 

a preferred embodiment of an electronic circuit which 
acts as the photodetector 108 and detector electronics 
110 of the receiving subsystem 118. While the circuit 
shown in these Figures is described in detail below to 
illustrate the structure and operation of the present 
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8 
invention, it should be understood that other circuits 
and approaches can be employed to achieve the opera 
tion and function of the present invention and still be 
within the scope of the present invention. 

FIG. 2 shows a block diagram of a representative 
embodiment of the photodetector 108 and the detector 
electronics 110 of the receiving subsystem 118. FIG. 3 
shows the schematic of a representative circuit which 
implements the block diagram shown in FIG. 2. FIG. 4 
plots the waveforms of the embodiment shown in FIG. 
3 at various points in the circuit during its normal opera 
tion in detecting the strobe signal resulting in an enable 
ment of the weapon. Note that the representative em 
bodiment of FIG. 2 is divided into a battery-operated 
circuit and a vehicle power operated circuit only for 
purpose of illustration. 

Referring now to FIGS. 2-4, a photodetector stage 
202 of the photodetector 108 receives from the detector 
lens assembly 109 (only shown in FIG. 1) light focused 
by the detector lens assembly 109 on a film plane (not 
shown). This focused light includes the propagated 
strobe light received from the transmitting subsystem 
120 when the detector lens assembly 109 is pointed at 
the transmitting subsystem 120. The focused light is 
received by the photodetector stage 202, which pro 
vides an output signal as a function of the amplitude 
level, pulse frequency, pulse duration, and spectral con 
tent of the received light. It can be appreciated that the 
photodetector stage 202 can be selected to produce a 
desired response for given amplitude, pulse frequency, 
pulse duration and spectral content characteristics. 
FIG. 3 shows a representative circuit for implementing 
photodetector stage 202, which comprises a FET pho 
totransistor 158 connected in a source follower configu 
ration. The values of bias resistors 302 and 304 are se 
lected so that phototransistor 158 is ON continuously 
and exhibits the desired voltage gain. Test point 1 (TP1) 
is the output of the (photodetector stage 202. Note that 
this output has an amplitude level as a function of the 
intensity of the light focused by the detector lens assem 
bly 109. 
The TP1 output of photodetector stage 202 is sup 

plied to the input of an A.C. coupling stage 204. A.C. 
coupling stage 204 acts as a high pass filter of the TP1 
signal. Such a high pass filter is used to remove the D.C. 
component from this signal, which corresponds to the 
ambient received light level and the biasing used for 
phototransistor 158. FIG. 3 shows a representative cir 
cuit for the A.C. coupling stage 204. This circuit com 
prises a capacitor 306 and a resistor 307, which are 
connected in a high pass filter configuration. The values 
for capacitor 306 and resistor 307 are selected so that 
the desired high pass filter response is obtained. 
The output on line 205 from A.C. coupling stage 204 

is supplied to the input of a signal amplifier stage 206. 
Signal amplifier stage 206 acts to amplify the filtered 
signal on line 205 by a preselected amount. FIG. 3 
shows a representative circuit for implementing signal 
amplifier stage 206. This circuit comprises an opera 
tional amplifier 310 of conventional design connected in 
a feedback mode configuration. The filtered signal on 
line 205 is supplied to the non-inverting input of the 
operational amplifier 310. It can be appreciated that any 
suitable operational amplifier producing the desired 
gain and slew rate can be employed for operational 
amplifier 310. 
The output from signal amplifier stage 206 online 207 

(also designated as TP2) is supplied to the input of a 
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threshold voltage comparator stage 208. FIG. 4A plots 
the signal on line 207 produced when a strobe light 
signal is received by the phototransistor 158 having an 
amplitude above and a pulse frequency, pulse duration 
and spectral content within a specified range; this oc 
curs when the weapon is pointed within the predeter 
mined zone around the target. FIG. 4A plots amplitude 
on the vertical axis and time on the horizontal axis. In 
the example shown in FIG. 4A, the pulse frequency is 
122 pulses per second, which results in pulse signals 
being spaced at approximately 8.2 millisecond intervals. 
Obviously, these signals will beat different intervals if a 
different pulse frequency is used. 
Threshold voltage comparator stage 208 produces an 

output signal on a line 209 when the amplitude of the 
input signal on line 207 is above a preselected threshold 
level. A representative circuit for implementing the 
threshold voltage comparator stage 208 is shown in 
FIG. 3, and comprises a voltage comparator 314 of 
conventional design connected in a voltage comparator 
configuration. Specifically, the non-inverting input of 
voltage comparator 314 receives the input signal (line 
207), while the inverting input receives an input signal 
of a preselected voltage level. The output of operation 
al amplifier 314 (present at pin 7 in the representative 
circuit) is supplied to line 209. Transients are eliminated 
through the use of a filter comprising resistor 315 and 
capacitors 316 and 317. The values for these compo 
nents are selected so as to eliminate the transient signals 
induced on the power supply line by switching of the 
voltage comparator 314. 

Referring now to FIG. 4B, which plots amplitude on 
the vertical axis and time on the horizontal axis, the 
signals supplied by voltage comparator 314 on line 209 
are plotted. It is seen that voltage comparator 314 pro 
duces on line 209 a squared or digital version of the 
input signals on line 207 which are above a preselected 
threshold level. These digital signals are needed in 
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order to achieve the signal processing performed by: 
subsequent stages. 
A false trigger detector stage 210 receives the digital 

signals on line 209. The false trigger detector stage 210 
produces an output pulse on line 211 only when two 
consecutive pulses on line 209 are detected within a 
predetermined time interval (also called a "time win 
dow'). A representative circuit of the false trigger de 
tector stage 210 is shown in FIG. 3. It includes an inte 
grated circuit 324 of conventional design configured as 
a pair of non-retriggerable one-shot multivibrators. The 
first non-retriggerable one-shot multivibrator comprises 
pins 1 through 7 of IC 324, and pins 9 through 15 com 
prise the second non-retriggerable one-shot multivibra 
tor. In operation, the input pulse on line 209 is supplied 
to pin 4. This causes the output on line 6 to go HIGH 
for a preselected time duration or period (for example, 
7 milliseconds, as plotted in FIG. 4C) which is deter 
mined by a resistor 320 and a capacitor 321 of a timing 
circuit connected to pins 1 and 2. Note that this prese 
lected time period is less than the period defined by the 
pulse frequency. The output signal from pin 6 is sup 
plied to pin 11, the input of the second non-retriggerable 
one-shot multivibrator. When the signal from pin 6 goes 
LOW, this causes the output (pins 10 and 12) to go 
HIGH for a preselected time period or duration deter 
mined by a time constant produced by a resistor 322 and 
a capacitor 323. This operation is illustrated in FIG. 4D, 
where the waveform 408 goes HIGH when waveform 
406 goes LOW (FIG. 4C) after a 7 millisecond time 
period has lapsed. The time period shown for waveform 
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408 in the HIGH state (the so-called "time window') is 
approximately 3 milliseconds. A pulse in the HIGH 
state must be provided on line 209 within this time win 
dow in order for false trigger stage 210 to produce a 
pulse waveform 410 on the output of a NAND gate 327, 
as plotted in FIG. 4E. This shows that false trigger 
detector stage 210 produces an output pulse only when 
the second of two consecutive input pulses is received 
during the time window. 
An output pulse from false trigger detector stage 210 

is produced as follows. An output from pins 10 and 12 
is supplied to a first input of a NAND gate 326, whose 
second input is connected directly to line 209. NAND 
gate 326 produces an output signal (line 211) in the 
LOW state only when both of the input signals are in 
the HIGH state. This occurs when a digital pulse on line 
209 is received within the time window defined by 
waveform 408. 
The signal on line 211 is supplied to the input of an 

enable signal generator stage 212. Enable signal genera 
tor stage 212 provides a constant output signal in the 
HIGH state only as long as it continues to receive pulses 
at its input, at a period less than the pulse duration se 
lected with resistor 328 and capacitor 329. A represen 
tative example of the circuit for implementing the en 
able signal generator stage 212 is shown in FIG. 3. It 
includes an integrated circuit 330 of conventional de 
sign having a pair of retriggerable one-shot multivibra 
tors. The output of NAND gate 326 is supplied to both 
inputs of NAND gate 327. This results in the inversion 
of the output signal from NAND gate 326. The output 
of NAND gate 327 (plotted in FIG. 4E) is supplied to 
the input (pin 4) of the first retriggerable one-shot multi 
vibrator of IC 330. The signal on the output (pin 6) of 
this one-shot is in the HIGH state as long as an input 
digital pulse is received at pin 4 within the preselected 
time period after the receipt of the previous digital 
pulse. This preselected time period is determined by the 
values of a resistor 328 and a capacitor 329, and is at 
least as long as the interval defined by the preselected 
pulse frequency. As illustrated in FIG. 4F, waveform 
412 shows that the signal at the output (pin 6) of the 
one-shot goes to the HIGH state upon the receipt of the 
first digital pulse of waveform 410, and stays in the 
HIGH state as long as it continues to receive an addi 
tional digital pulse within each successive preselected 
time period. 
The output (line 213) from the enable signal genera 

tor stage 212 is supplied to the input of an opto-isolator 
stage 220. Opto-isolator stage 220 is used to isolate bat 
tery common from vehicle ground. The opto-isolator 
stage 220 allows the detector electronics 110 of the 
receiving subsystem 118 to operate a relay stage 222 (of 
any suitable type) for controlling the enablement of the 
firing of the weapon. Such control of the enablement of 
the weapon in many situations will require a high power 
control signal since electromechanical systems or ap 
proaches are used. The opto-isolator circuit serves to 
minimize the possibility of conducted interference from 
vehicle electrical functions. 

Relay stage 222, as shown in FIG. 2, enables a firing 
circuit stage 224 and operates in conjunction with an 
optional lamp indicator stage 226. These stages are used 
to control the firing of a weapon so as to allow it to be 
enabled only when the signal received at the input of 
opto-isolator stage 220 is in the HIGH state. Note that 
FIGS. 4G and 4H do not share the same time axis as do 
FIGS. 4A to 4F. The time axes of FIGS. 4G and H 
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show the situation where the last pulse has been de 
tected by the detector electronics 110 and the weapon is 
thus being disabled by the detector electronics 110. 
Note that opto-isolator stage 220 provides an indicator 
lamp signal to indicator lamp stage 226 when the 5 
weapon is enabled. 
FIG. 4G plots the detection of the last pulse of a 

consecutive series of pulses which have acted to enable 
the weapon for firing. After the receipt of this last pulse, 
it is seen that the voltage applied across the coil of the 
relay stage 222 stays in the HIGH state for a preselected 
period of time (for example, 10 milliseconds) dependent 
on when the strobe light signal is lost relative to the last 
pulse from integrated circuit 330. Due to inherent relay 
release delay, typically 4 milliseconds, the relay stage 
222 remains enabled for a time period which occurs 
subsequent to the detection of the last enable signal. 
Note, however, that this time duration is effectively so 
short that it is physically impossible for the weapon to 
move sufficiently so as to be aimed a significant amount 
from the predetermined zone around the target. In 
other words, the unwanted time delay exhibited by the 
relay stage 222 is sufficiently short so that undesired 
enablement of the weapon does not result in damage 
because of improper firing of the weapon. 

Referring again to FIG. 2, the stages used to power 
the receiving subsystem 118 of the present invention are 
shown. They comprise rechargeable battery 214, a low 
voltage detector stage 216, and a voltage regulator 
stage 218. They also comprise a vehicle power supply 
228 and a voltage regulator stage 230. All are of con 
ventional design. False detection due to under voltage 
conditions of the rechargeable battery 214 do not occur 
in the present invention because low voltage detector 
stage 216 and voltage regulator stage 218 are used. 
Together, these provide an indication of a low voltage 
condition of the battery 214 used to power some of the 
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detector electronics 110, and cause the detector elec 
tronics 110 to be rendered inoperable when this low 
voltage condition is detected. 
Note that opto-isolator stage 220 is used to isolate 

electrically the detector electronics 110 from the vehi 
cle power supply 228. This is required in order to 
achieve the desired operation of the detector electronics 
110. This prevents radio frequency interference (RFI) 
and other unwanted signal components present on the 
vehicle power supply from being introduced into the 
detector electronics 110. Such unwanted signals would 
result in improper operation of the detector electronics 
110, so that it would not produce the desired control 50 

40 

45 

functions. 
Obviously, numerous modifications and variations of 

the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 55 
practiced otherwise than is specifically described here. 
What is claimed is: 
1. A method for ensuring that a weapon is enabled to 

fire only when aimed at a predetermined zone around a 
target, which method comprises the steps of: 

(a) transmitting from or near the target towards the 
weapon strobe light pulses of preselected pulse 
frequency, pulse duration and spectral content: 

(b) at or near the weapon, optically focusing said 
stobe light pulses when the weapon is aimed at the 65 
predetermined zone; 

(c) converting each of said optically focused strobe 
light pulses into a corresponding first electrical 
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signal having an amplitude value as a function of 
intensity; 

(d) generating an enable signal for a first preselected 
time period at least as long as a time period defined 
by said preselected pulse frequency only when one 
of said first electrical signals is detected within a 
second preselected time period after another one of 
said first electrical sigals is detected: and 

(e) enabling the weapon only when said enable signal 
is provided. 

2. The method as recited in claim 1, wherein step (d) 
generates said enable signal only when said one of said 
first electrical signals is detected within said second 
preselected time period after the lapse of a third prese 
lected time period begun with the detection of said 
another one of said first electrical signals. 

3. The method as recited in claim 1, further compris 
ing between steps (c) and (d) the step of: 

(f) generating a third electrical signal of a second 
preselected time period after detection of said an 
other one of said first electrical signals having an 
amplitude value above a preselected amplitude 
level, wherein said third preselected time period 
has a duration less than a time period defined by 
said preselected pulse frequency. 

4. The method as recited in claim 3, further compris 
ing between steps (f) and (d) the step of: 

(g) generating a third electrical signal of said second 
preselected time period when said second electrical 
signal is no longer present. 

5. The method as recited in claim 4, further compris 
ing the step of generating an indicator lamp signal in 
accordance with said enable signal. 

6. The method as recited in claim 1, further compris 
ing between steps (c) and (d) the step of: 

(f) high pass filtering said first electrical signal in 
order to remove undesired low frequency compo 
ments. 

7. Apparatus for ensuring that a weapon is enabled to 
fire only when aimed at a predetermined zone around a 
target, which apparatus comprises: 

a transmitting means disposed at or near the predeter 
mined zone including 
(i) power supply means for supplying electric 
power, and 

(ii) strobe light means connected to said power 
supply means for generating and transmitting 
strobe light pulses of preselected pulse fre 
quency, pulse duration and spectral content 
towards the weapon; and 

(b) receiving means disposed at or near the weapon 
for receiving said strobe light pulses from said 
transmitting means and for enabling the weapon 
when a pair of successive ones of received strobe 
light pulses is detected. 

8. The apparatus as recited in claim 7, wherein said 
receiving means comprises an optics means for focusing 
onto a plane said strobe light pulses from said transmit 
ting means. 

9. The apparatus as recited in claim 8, wherein said 
receiving means further comprises detector means dis 
posed at or near said plane for producing a first signal 
for each of said strobe light pulses. 

10. The apparatus as recited in claim 9, wherein said 
receiving means further comprises first means for gen 
erating an enable signal when a pair of said first signals 
is detected within a first preselected time period. 
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11. The apparatus as recited in claim 10, wherein said 
first means further comprises means for defining said 
first preselected time period as being substantially equal 
to the period of said preselected pulse frequency. 

12. The apparatus as recited in claim 10, wherein said 
receiving means further comprises second means under 
control of said first means for generating said enable 
signal for a second preselected time period when said 
pair of said first signal is detected. 

13. The apparatus as recited in claim 9, wherein said 
receiving means further comprises filter means con 
nected to said detector means for high pass filtering said 
first signal to produce a second signal. 

14. The apparatus as recited in claim 13, wherein said 
receiving means further comprises amplifying means 
connected to said filter means for amplifying said sec 
ond signal to produce a third signal. 

15. The apparatus as recited in claim 14, wherein said 
receiving means further comprises threshold means 
connected to said amplifying means for supplying a 
fourth signal when said third signal is above a threshold 
level. 

16. The apparatus as recited in claim 15, wherein said 
receiving means further comprises means for supplying 
a fifth signal upon detection of one of said fourth signals 
within a first preselected time period commencing after 
the lapse of a second preselected time period beginning 
upon the detection of a previous one of said fourth 
signals. 

17. Apparatus for ensuring that a weapon is enabled 
to fire only when aimed at a predetermined zone around 
a target, which apparatus comprises: 

(a) transmitting means disposed at or near the prede 
termined zone comprising: 
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(i) power supply means for supplying electric 
power, and 

(ii) strobe light means connected to said power 
supply means for generating strobe light pulses 
of preselected pulse frequency, pulse duration 
and spectral content and for transmitting said 
strobe light pulses towards the weapon; and 

(b) receiving means disposed at or near the weapon 
for receiving said strobe light pulses from said 
transmitting means comprising: 
(i) optics meals for focusing said strobe light pulses 

received from said transmitting means, 
(ii) detector means disposed to receive said focused 

strobe light pulses for producing a first signal for 
each of said focused strobe light pulses, 

(iii) high pass filter means connected to said detec 
tor means for high pass filtering each of said first 
signals to produce a corresponding second sig 
nal, 

(iv) amplifying means connected to said high pass 
filter means for producing a third signal as a 
function of each of said second signals, 

(v) threshold means connected to said amplifying 
means for providing a fourth signal in response 
to each of said third signals having an amplitude 
above a threshold level, 

(vi) false trigger means connected to said threshold 
means for producing a fifth signal upon receiving 
two of said fourth signals within a preselected 
time period, and 

(vii) enable means connected to said false trigger 
means for enabling the weapon upon receipt of 
said fifth signal. 

t 


