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1
OPTICAL TARGET SENSOR

BACKGROUND

This invention relates to an optical target sensor to be
mounted on a projectile which will produce a fuzing
signal while the projectile is still in flight and at a prede-
termined distance from the target. Typically, the fuzing
signal is used to detonate the explosive charge con-
tained within the projectile body.

In accordance with the prior art, a radio transmitter
and receiver are mounted on a projectile. The transmit-
ter transmits a radio wave in a forward direction to-
wards the target and the radio wave is reflected back
to the projectile upon reflection from the target. In a
known manner, the fuzing signal is produced when the
time lag of received reflected waves with respect to the
transmitted waves indicates that the projectile is a
given distance from the target. The prior art called a
target sensor or a proximity fuze if a safing and arming
device and detonator are included, is costly, compli-
cated, bulky and requires a large battery since the bat-
tery must supply power to both the transmitter as well
as the receiver. Furthermore, jamming waves due to
other radiation sources in the area may cause a fuzing
signal to be produced when the projectile is a long way
from the target. Furthermore, each projectile transmits
its own wave which may be received by another projec-
tile, whereby the projectile may produce a fuzing signal
before the desired distance to the target is reached.

It is the object of this invention to provide single tar-
get sensor that can be carried on a projectile such as a
shell or rocket which will produce a fuzing signal at a
desired distance in front of a target without actively ra-
diating any energy.

It is a further object of this invention to provide such
a target sensor that is simpler, less costly, more reliable
and harder to jam than known such target sensors.

SUMMARY

In accordance with this invention, the projectile
carries two photosensitive devices, and means are
mounted on the projectile to cause light from in front
of the projectile to be applied to one of the photosensi-
tive devices and other means are mounted on the pro-
jectile to cause light from in back of the projectile to
be applied to the other photosensitive device. A light
source which may be a pulsing laser projects light in a
manner so that the projectile and the target are illumi-
nated by the light provided by the laser. When the light
pulse which hits the target and is reflected back to the
projectile has the desired time delay with respect to the
light that hits the projectile directly from the light
source, the target sensor produces an output. The dis-
tance from the target that the target sensor produces a
fuzing signal is dependent on the time delay required
between the two light pulses. By varying the required
time delay, fuzing signals can be produced when the
projectile is several hundred feet to only a few feet
from the target. The only electronics necessary on the
projectile are two receivers and a coincidence detector
and fire pulse generator, whereby the electronics on
the projectile are simple and inexpensive.

DESCRIPTION

The invention will be better understood upon reading
the following description in connection with the ac-
companying drawing in which:
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FIG. 1 illustrates the target sensor of this invention as
being in operation, and

FIG. 2 is a block diagram of a circuit for use on the
projectile as shown in FIG. 1.

A projectile 10 is shown in flight towards the target
area 12. The front part of the projectile 10 which con-
tains the target sensor 14, is shown in cross section to
illustrate the apparatus carried thereby. The projectile
body 10 which carries the explosive charge (not
shown) is shown partly in section and most thereof is
broken away since the invention does not depend on
the projectile portion 10 or on its contents. A light
source 16 which may be a laser projects light beams 18
which may be in the ultraviolet, visible, or infrared
wave length region, having a pulse width which may be
only a few nanoseconds to several microseconds wide
and pulse repetition rate of 10 pulses per second or
greater towards the projectile 16 and beyond the pro-
jectile 10 towards the target area 12. The light beams
18 have a spread such that the projectile 10 is in the
beam while the projectile takes its curved path towards
the target and the target area is also illuminated by the
beam 18. Therefore, as will be more fully disclosed, the
back of the projectile 10 and the target area 12 are illu-
minated by the laser device 16 and light pulses re-
flected by the target area illuminates the front of the
projectile which contains the target sensor 14. As
shown in the drawing, the laser 16 is said to be air-
borne. When airborne, the projectile and the means for
projecting it will also be carried by the airborne vehi-
cle. However, the light source and the projectile pro-
jecting means may be stationary or may be mounted on
a land or sea vehicle.

The projectile 10 carries two optical systems, one for
receiving the light reflected from the target area 12 and
one receiving the light directly from the laser 16. A
light sensitive detector 20 is used to detect the reflected
light 13 from the illuminated target area 12.

A lens 24 and optical reflecting cone 25 which are
both coaxial with the projectile 10 extends through the
forward end of the target sensor 14 and concentrates
light on the light sensitive photodetector 20. The inner
surface of the cone 25 may be plated with light reflect-

.ing material which efficiently reflects the light of the

wavelength of the beam 18 and the photodetector 20
is chosen to be sensitive to this wave length of light.
While the cone 25 does not project an image on the
light sensitive device, it does act as an efficient light
collector.

Another light sensitive photodetector 26 is mounted
centrally on the projectile 10 but behind the photode-
tector 20. The photodetectors 20 and 26 are separated
from each other by opaque walls 28. A light collector
30 for the direct illumination 18 has cylindrical shape
and operates similar to a periscope of revolution, The
flat top portion 33, flat bottom portion 32, conical sec-
tion 36 at the center of light collector 30 and the ta-
pered outer edge 37 are all reflectively coated by a ma-
terial which is highly reflective at the wavelength emit-
ted by the illuminator 16. The only regions of the light
collector 30 which are not reflectively coated is a small
toroidal region 38 where the direct light 18 enters and
a small circular region 39 centered on the axis of the
projectile and located on the top side of the light col-
lector 30 where light leaves and is incident on the pho-
todetector 26. The outside edges 38 of the collector 30
are not covered with light reflecting material whereby
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light from the back of the projectile 10 hits the exposed
surface 38 and the light is directed, after multiple re-
flections to the photodetector 26. As noted, the edges
of the light collector 30 extend beyond the outside of
the diameter of the projectile body so that light from
the laser 16 will reach the photodetector diode 26.

The target sensor 14 is normally located at the front
of the projectile 10. For complete fuzing system a bat-
tery and safe arming device would be added but they
are not described because they are not pertinent to this
disclosure. The electronic equipment that is necessary
for the target sensor 14, is located in the volume be-
tween the two walls 28. The electronics required for
the target sensor 14, shown by the typical block dia-
gram in FIG. 2, is not critical in that many known elec-
tronic devices are useable. The output of an optics and
photodetector circuit 50, which may include the photo-
diode 20, is applied to a video amplifier 52. The video
amplifier 52 produces its fixed maximum output upon
application thereto of a small signal and this output is
not increased by an amplitude above a small value of
the input signal. The output of the video amplifier 52
is a rectangular wave form since the reflected light re-
ceived from the target area 12 is a pulse form. This
pulse may be applied to a monostable multivibrator 54.
As will be noted, for certain purposes, the multivibrator
54 may be omitted. The output of the monostable mul-
tivibrator 54 is applied to one input of a coincidence
detector 56. The output of the optics and photodetec-
tor circuit 58 which may include the photodiode 26 is
applied to a video amplifier 60 which is like the video
amplifier 52 whose output is applied to the other input
of the coincidence detector 56. When two pulses are
coincident in the coincidence detector 56, the coinci-
dence detector 56 activates a fire pulse generator 62.

As noted above, the monostable multivibrator 54
may be omitted in which case the output of the video
amplifier 52 is applied directly to an input of the coinci-
dence detector 56. When the monostable multivibrator
is omitted, a pulse directly from the laser 16 and the
same pulse reflected by the target at 12 are supplied to
the coincidence detector 56. For example, if the illumi-
nator 16 has a pulse with duration of 10 nanoseconds,
pulse coincidence occurs when the projectile 10 is ap-
proximately 5 feet slant range from the target area 12,
If slant ranges from the target of about 300 feet are de-
sired the monostable multivibrator 54 is included be-
tween the video amplifier 52 and the coincidence de-
tector 56. This monostable multivibrator 54 is adjusted
to produce a pulse duration of about 600 nanoseconds.
When the leading edge of the reflected pulse is coinci-
dent with the leading edge of the pulse produced by the
multivibrator 54, the pulse coincidence detector 56 ac-
tivates the fuzing generator 62.

While the projectile 10 is shown as a right cylinder,
it can be of any shape that projectiles may take. While
the laser illuminator 16 and therefore the projector for
the target sensor 14 is normally on the airborne launch
vehicle it could be located on other airborne vehicles.
While the light collector 30 that collects the direct rays
18 is shown permanently deployed beyond the surface
of the projectile 10, the light collector could be de-
ployed after launch or be located at the rear end of the
projectile 10.

What is claimed is:
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1. In a projectile exploding system including means
for transmitting light pulses to a projectile and to a tar-
get,

an explosive projectile portion for travelling toward
said target having a charge carrying portion and a
front or nose portion, said front or nose portion in-
cluding:

two photosensitive devices,

an opaque member between said photosensitive de-
vices,

a hollow cone extending from the front of said nose
portions towards one of said photosensitive de-
vices, the large end of said cone being towards said
front,

a transparent layer extending across the rear of said
front portion, said other photosensitive device
being in light transfer relation to the center of a
side of said transparent layer, the edges of said
transparent layer extending beyond said charge
carrying shell portion,

both sides of said transparent layer except for said
center of said side of said center of said side of said
transparent layer and an annular portion of the
other side of said transparent layer being coated
with a light reflective layer,

the uncovered portion of said other side of said trans-
parent layer being shaped and positioned to receive
light from behind said charge carrying shell por-
tion,

and means on said projectile to explode said charge
upon light being exposed to both of said photosen-
sitive devices.

2. The invention of claim 1 in which the center of
said other side of said transparent layer is formed to di-
rect light to said second photosensitive device.

3. The invention of claim 1 in which a laser produc-
ing pulsed light is provided to project light towards the
back of said projectile whereby light from said laser is
applied to said second photosensitive device and light
reflected from a target is applied to said one photosen-
sitive device.

4. In a projectile exploding system including means
for transmitting light pulses to a projectile and to a tar-
get,

an explosive projectile portion for travelling toward
said target including:

two light sensitive devices on said projectile portion,

means on said projectile portion for receiving light
pulses transmitted from said transmitting means at
a particular instant and applying same to one of
said light sensitive devices,

means on said projectile portion for receiving light
pulses transmitted from said transmitting means at
said particular instant but after reflection from said
target and applying same to the other of said light
sensitive devices,

means for developing a first signal upon receipt of a
direct light pulse by said one of said light sensitive
means,

means for developing a second signal upon receipt of
a reflected light pulse by said other one of said light
sensitive means,

time delay means for receiving said first signal and
for developing a third signal in response thereto
after a predetermined time delay,

coincidence means for receiving said third and said
second signals and developing an output signal
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when said third and said second signals coincide, directed optical system.
and 7. The system according to claim 6 wherein said rear-
means responsive to said output signal for generating wardly directed optical system comprises a circular
a firing signal. prism having a peripherally circular light receiving sur-
5. The system according to claim 4 wherein said time 5 face and a centrally circular light directing surface, and
delay means comprises a monostable multivibrator. said forwardly directed optical system comprises an
6. The system according to claim 4 wherein said optical lens.
means for receiving said light pulses transmitted from 8. The system according to claim 4 wherein said two
said source comprises a rearwardly directed optical sys- light sensitive devices comprise two photosensitive di-

tem, and - 10 odes spaced axially from each other and including an
wherein said means for receiving said pulses of light opaque surface between them.
reflected from said target comprises a forwardly ok o F X
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