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still can be observed. This system is also applicable to

OBJECI‘ DETECTOR

detecting high tension electrical .wires.
In the embodiments in this invention, the alternating

CROSS REFERENCE TO RELATED
APPLICATION

angles of polarization are produced by a liquid crystal
retarder. The liquid ‘crystal retarder is a conventional
optical device that has two transparent plates with a
liquid crystal substance located between. An annular
housing surrounds the assembled plates and liquid crys

This application is a continuation in part of Ser. No.

07/947,281, ?led Sep. 17, 1992, “Object Discriminator”,
Boyd B. Bushman, and continuation in part of applica

tion Ser. No. 07/851,281, ?led Feb. 7, 1992, now US. 10 tal substance. When the plates are energized with a
selected voltage level, the electrical ?eld will cause
Pat. No. 5,264,916 “Object Detection System”, Boyd B.
light entering the retarder to rotate. In the embodiments
Bushman. Also, an application by the same inventor

entitled “Object Locator”, attorney docket P-33-9310,
is being ?led simultaneously with this application.
BACKGROUND OF INVENTION
1. Field of Invention

herein, the voltage is such that the light will rotate 90
degrees from the angle at which it is entering. A polar
15 izer ?lter follows the liquid crystal retarder, the polar
izer ?lter being mounted stationarily to the apparatus.
An electrical circuit will apply at a selected rate alter

.

This invention relates in general to detecting objects
by detecting light re?ections from an object, and in

nating voltages, one of which may be zero, causing the
retarder to oscillate. The circuitry is conventional, and
particular, to a system that utilizes a polarizer and a 20 can be varied in frequency to speed up or slow down
liquid crystal retarder for viewing light re?ected from
the cycling of the liquid crystal retarder. Viewing man
an object when the retarder oscillates between two
made objects through the polarizer and retarder will

different angles of polarization.

cause them to appear to ?ash as the retarder is cycled

2. Description of Prior Art
between the two angles.
This invention deals with a method of detecting ob 25
In one embodiment, the liquid crystal retarder and
jects, such as military targets. The targets may be
circuitry are mounted at each optical array of a set of
trucks, tanks, artillery, aircraft, command centers and
binoculars. The observer using the binoculars will see
other systems. These objects may be protected by cam
?ashes of smooth man-made objects as the retarder
ou?age, foliage, or may be painted with a amou?age
cycles, while the background remains uniform. The

paint.

30

Presently, objects are detected visually through bin
oculars. Objects may also be detected by other tech
niques such as radar, infrared and night vision ampli?
cation systems. The prior systems do not always ade

monitor will display the images observed. This system
can be utilized at night as well as day.
In another embodiment, a video camera is employed.

quately detect an object, particularly objects that are

camou?aged.

A liquid crystal retarder and stationary polarizer are

There are needs for detecting objects other than in

mounted in the optical path of the video camera. The
video camera is conventional, having a scanning device
which provides signals to a video processor. The video
processor provides electrical signals to a monitor or
display. An observer of the monitor will see ?ashes of

military applications also. For example, the highest
reason for helicopter crashes is due to collisions with
high tension electric wires, guide wires or other sus
pending cables. These cables are dif?cult to see by the
pilot. At present, there is no particular means for detect

smooth man-made objects as the liquid crystal retarder
operates.

ing such cables other than visually.

SUMMARY OF INVENTION

?ashes pinpoint military targets to an observer. In an
other embodiment, the retarder and polarizer are
mounted in the opticalpath of an infrared camera. A

45

Also, in this invention, a notch electronic ?lter may

be located between the signal processor and the display

In this invention, a polarizer ?lter is employed for
of the video camera. The notch ?lter passes a lower
detecting objects. The polarizer is of a conventional
level
frequency needed for video camera monitor oper
type, having a large number of very ?nely spaced paral
lel lines. Military vehicles have high concentrations of 50 ation and also can be varied to pass only signals above
a selected frequency far higher than the lower level.
materials such as glass, plastic, paints, rubbers, etc.
When such materials are viewed through a polarizer

which is polarizing at one angle, they will have one
appearance. When polarizing at another angle, 90 de

grees from the ?rst angle, the re?ected light will be 55
quite different in intensity from the ?rst view. Conse
quently, alternating the polarization from one angle to

The high cut on frequency may be selected to be in the
range from 100 KHZ to two MHZ. The notch filter

reduces the background viewed by the monitor.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates schematically a sectional view of a

the other angle rapidly will cause the re?ection from

pair of binoculars having a polarizer and liquid crystal

objects such as military vehicles to appear to ?ash as the

retarder constructed in accordance with this invention.
FIG. 2 is a side schematic view of a portion of an
airplane having a detection system constructed in ac
cordance with this invention.
FIG. 3 is a schematic view of a video camera having

polarization angle alternates.
Most natural backgrounds do not show the polarizing

contrast between angles of polarization. Consequently,
as the polarization angle alternates, the background
surrounding the military vehicle gives a steady signal

a polarizer and liquid crystal retarder mounted to it in
which is not highlighted to the eye. The ?uctuating 65 accordance with this invention.
FIG. 4 is a schematic view illustrating an infrared
targets stand out, giving away their location. Neither
detector having a polarizer and liquid crystal retarder
camou?age nor moderate foliage stops the systems from
highlighting military targets because adequate ?ashing
mounted to it in accordance with this invention.

3
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horizontal, ?ashing will appear as the retarder 23 ro

DETAILED DESCRIPTION OF INVENTION

tates the impinging light.
Liquid crystal retarder 23, including its circuit 27, is a

Referring to FIG. 1, binoculars 11 have a basic con
ventional design, and are normally much more detailed

commercially available device. It is known as a variable
retarder because the frequency can be varied as well as

than shown. Binoculars 11 have a housing 13. Two

eyepieces 15 mounted telescopically to housing 13.
Mirrors 17 located within housing 13 de?ect light pass
ing inward through a lens 19. A focal adjuster 21 will
vary the distance between eyepiece 15 and lens 19 for

the degree of retardation. One such device is manufac

focusing. A transparent shield 22 in each image path
protects the lens 19. Normally, the optical array will

In the operation of the embodiment of FIG. 1, the
observer will place his eyes next to the eyepieces 15 and

include other lenses as well.

scan a selected terrain. If the observer is not actuating

tured by Meadowlark Optics, 7460 Weld County Road
1, Longmont, Colo. 80504, under the designation Model
B 1020. '

A liquid crystal retarder 23 is mounted in the path of
retarder 23, then retarder 23 will perform no function,
lens 19. Liquid crystal retarder 23 has transparent for
allowing light to pass without de?ection. Approxi
ward and rearward plates 23a, 23b, with a liquid crystal 15 mately 97% of the light will transmit without diminu

substance sandwiched between. The thickness is exag
gerated in FIG. 1. A metal ring or housing 25 surrounds
and supports retarder plates 23a, 23b. An electronic
circuit 27 is connected by a wire 29 to housing 25 of
retarder 23. Circuit 29 will produce a waveform that 20
oscillates between two voltages, one of which may be
zero. A switch and control (not shown) will allow the
frequency of the waveform to be changed. The wave
form produces an oscillating electrical ?eld on the sub

stance between plates 23a, 23b.

tion through liquid crystal retarder 23. Depending upon
the orientation of polarizer 33, some glare may be re

duced because polarizer 33 will polarize the light which
it receives.
The user then may begin cycling retarder 23 by con

trolling circuit 27. The oscillating voltages supplied to
retarder 23 will‘p404Xcanetearer 23 to alternately twist
or rotate light impinging on retarder 23. When com~
25

bined with polarizer 23, the light will shift 90 degrees,

such as between horizontal and vertical polariation.
Light re?ected from man-made ojects will appear to
?ash as the retarder 23 cycles. Most natural objects in
passing through plates 23a, 23b and the liquid crystal
the background will not ?ash, because the reflected
substance. In the nonrotated mode at the other voltage
level, the light passes through substantially without 30 light from natural surfaces usually does not produce a
strong polarizing contrast. The ?ashing will pinpoint
de?ection or any diminution in intensity. The circuit 27
military targets to the viewer.
will cause the rotation to be 90 degrees from one mode
Three-dimensional man-made objects normally have
to the other. A battery 31 supplies power for circuit 27.
horizontal and vertical surfaces which re?ect. Conse
A conventional stationary linear polarizer 33 locates
Retarder 23 has a rotated mode when one of the

voltages is applied, in which it will rotate light that is

rearward of retarder 23. Polarizer 33 has a number of 35 quently, polarizer 33 will display ?ashing whether it is
oriented vertically or horizontally on binoculars 11. For
finely divided lines (not shown) which may be scribed
example, if polarizer 33 is stationarily mounted with its
or otherwise etched on the surface. Also, polarizer 33
lines horizontally oriented as the binoculars 11 are held
may be formed by a chemical coating which aligns the
normally, when retarder 23 is in a nonrotated mode,
molecules in parallel lines. Polarizer cubes are also com

mercially available. The lines within the polarizer 33 are 40 light from man-made horizontal re?ecting surfaces will
be polarized. When retarder 23 is in its rotated mode,
extremely closely spaced and are parallel to each other.
light re?ected from the horizontal surfaces of a man
The distance between the lines of the polarizer 33 is less
made object will not be polarized because of the orien
than the wavelength of light for which the polarizer is
tation of polarizer 33. In that manner, the horizontal
designed.
surfaces will appear to ?ash.
Polarizers, such as polarizer 33, have been known in
Similarly, the vertical surfaces of a man-made object
the past. A polarizer will remove the glare from light
re?ect more intensely through a horizontally oriented
re?ected from certain objects when the lines are ori
polarizer when the retarder 23 was in the nonrotated
ented at one angle, such as horizontally. This occurs as
mode. When retarder 23 is in a nonrotated mode and
a result of some of the light waves striking the re?ected
object being unable to pass through the ?nely separated 50 polarizer 33 is mounted horizontally, vertical surfaces
will not be polarized by polarizer 33. When retarder 23
lines. If the polarizer is then rotated 90 degrees, then the
is shifted to the rotated position, polarizer 33 will polar
glare will return, as re?ected light waves will be able to
ize the light re?ected from a vertical surface if it is
pass through the polarizer. The lines of the polarizer
mounted horizontally. An observer thus viewing a man
will be invisible in either event to an observer. Rotating
a polarizer will thus result in images of certain objects 55 made object with horizontal and vertical surfaces will
see alternating ?ashing of the horizontal and vertical
?ashing in proportion to the speed of rotation.
surfaces due to the operation of the retarder 23.
In this invention, the polarizer 33 is not rotating,
A video camera 37 is employed with the embodiment
rather it will be held stationary with binoculars 11.
of FIG. 3. Video camera 37 is of a conventional type.
Instead, the retarder 23, as it alternately cycles electron
Objects viewed by video camera 37 are converted into
ically, will cause the same effect as if the polarizer 33
electrical signals which are displayed electronically.
were rotating itself. An observer observing the light
Video camera 37 will produce ?ashing or pulsing im
passing through the oscillating retarder 23 and station

ary polarizer 33 will observe ?ashing if the object being

ages re?ected from man-made objects having smooth

surfaces. Video camera 37 has a lens array which de
observed is of the type that is manmade, having a
smooth appearance. For visual determinations of the 65 ?nes an image path for light being received. A conven
tional signal processor in video camera 37 will produce
?ash, the retarder is preferably cycled approximately
analog electrical signals proportional to the objects
?ve to twelve times per second. Regardless of the orien
viewed. In a conventional camera system, these signals
tation of polarizer 33, whether its lines are vertical or
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may be recorded on videotape or ?lm. Also, the signals
may pass to a television monitor or display for viewing.
Liquid crystal retarder 39 is mounted to the video
camera 37 in the image path. An electronic circuit 41
cycles liquid crystal retarder 39 in the same manner as

larized by polarizer 51. These images appear different to

liquid crystal retarder 23 of the ?rst embodiment. A

FIG. 2 illustrates a portion of a fuselage 59 of an
airplane. Fuselage 59 has a cockpit canopy 61. A trans
plant ball 63 rotatably mounts to fuselage 59. Ball 63 is

polarizer 42 mounts stationarily to video camera 37
rearward of retarder 39. The oscillation speed may be
the same as in the embodiment of FIG. 1, or it may be

much faster. If faster than about 12 cycles per second,

electronic circuitry (not shown) must be employed to
detect objects that provide ?ashing images due to the

different angles of polarization.
While the ?ashing may be observed directly on a

monitor if the rate is low enough, in this instance, pref~
erably electrical signals from video camera 37 ?rst pass
through a notch electronic ?lter 43 before being dis

an observer depending on the mode of retarder 49,
whether it is in the rotated or nonrotated mode. The
differences can be visibly detected by an observer if the

cycled speed of retarder 49 is slow enough.

mounted to a fairing 65. Ball 63 can be rotated for align
ment and contains a focusing lens which focuses light
onto a mirror 67. Mirror 67 re?ects light down to a

detection unit 69. Detection unit 69 provides a signal
over wires to a monitor 71 located in the cockpit. De
tection unit 69 may be either the infrared detector 47
(FIG. 4), the video camera 37 (FIG. 3) or some type of

optical system utilizing the principle of binoculars 11.
The invention has signi?cant advantages. It allows
military target detection through camou?age and light

played on monitor 45. Filter 43 is of a notch type, which
blocks frequencies within a range. Filter 43 will pass
foliage. The system can be mounted into an optical
signals below a selected level necessary for television 20 device such as binoculars, a video camera system, or an
monitor operations, such as the sweep. This lower level
infrared detector. No moving components are required
is normally 17,750 Hz. Filter 43 will block, ?lter or
using the liquid crystal retarder. The stationary polar
delete those between 17,750 Hz and a selected high
izer and liquid crystal retarder can be added without
cut-on level, and pass those above, all of which pro
signi?cant expense to existing binoculars, video surveil
cesses are referred to herein as “?ltering”. This high 25
lance or infrared detector systems. These systems can
cut-on or selected frequency is selected to be high
also be used in an ordinary manner if desired without

enough to eliminate much of the background objects

which re?ect light that is not affected by retarder 39

the retarder being operated. The system can also be

and polarizer 42 when operating. This frequency is
much higher than the frequency of operation of retarder

employed in helicopters to prevent pilots from colliding

tor 47. A circuit 55 will alternately cycle liquid crystal

frst and second angles of polarization.

retarder 49 between the rotated and nonrotated modes 60

4. The apparatus according to claim 1 wherein the
retarder means comprises:

30 with power cables.
While the invention has been shown in only four of its
39. Filter 43 is preferably variable so that its cut-on or
forms,
it should be apparent to those skilled in the art
pass frequency can be varied. In one embodiment of
that it is not so limited but is susceptible to various
FIG. 3, the high cut-on frequency was determined to be
changes without departing from the scope of the inven
effective if set in the range from 100 KHZ to 2 MHZ,
tion. For example, the invention could also be em
while the retarder was operating at only ?ve to twelve
ployed in night vision goggles.
cycles per second.
I claim:
In the operation of the FIG. 3 embodiment, the user
1. An apparatus for searching for selected objects,
will watch monitor 45 while cycling retarder 39 with
comprising in combination:
circuit 41. Light re?ected from man-made objects will
a lens array de?ning an image path for viewing ob
appear to ?ash as retarder 39 alternates between its 40
jects at which the apparatus is pointed;
rotated and nonrotated modes. Most natural objects in
a
light polarizer mounted to the apparatus in the
the background will not ?ash, because the re?ected
image path which polarizes light received from
light from natural surfaces usually does not produce a
objects and transmitted through the image path;
strong polarizing contrast. The user adjusts notch ?lter
43 until much of the background is eliminated, but the 45 a liquid crystal retarder means in the image path,
including an electronic circuit and a liquid crystal
?ashing objects due to retarder 39 and polarizer 42
retarder, for combining with the polarizer for alter
remain visible.
nately rotating light received from objects between
Referring to FIG. 4, in this embodiment, an infrared
a ?rst angle of polarization and a second angle of
detector 47 is employed. Infrared detector 47 is of a
polarization at a selected rate of oscillation, causing
conventional commercially available type. Liquid crys 50
the images of certain of the objects viewed to ap
tal retarder 49 is mounted in the image path of detector
pear to alternately ?ash.
47. The material of liquid crystal retarder 49 is selected
2. The apparatus according to claim 1 wherein the
for transmission of near infrared light in the range of 3
polarizer is mounted to the apparatus rearward of the
to 5 microns, or infrared light in the range of 8 to 14
microns. Polarizer 51 also is of the type that will trans 55 retarder means for polarizing light after the light has
past through the retarder means.
mit the same ranges of near infrared or infrared light.
3. The apparatus according to claim 1 wherein the
Polarizer 51 is stationarily located rearward of liquid
retarder means rotates the light 90 degrees between the
crystal retarder 49. A lens 53 will focus light onto detec

in the same manner as retarders 39 and 23 discussed

above.
In the operation of the embodiment of FIG. 4, detec
tor 47 processes and provides an image to a monitor 57.
Detector 47 is preferably a forward-looking infrared 65

a liquid crystal chamber mounted between a pair of

detection device commercially available, and designed

glass surfaces and having a liquid crystal substance
contained therein; and wherein the circuit alter
nately applies a ?rst voltage between the glass
surfaces to cause molecules in the liquid crystal

to operate in a 3 to 5 micron or 8 to 14 micron light

substance to align with each other to cause the ?rst

range. Images detected by infrared detector 47 are po

angle of polarization, and when the voltage

5,404,225
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changes, to misalign with each other to cause the

8
below a selected frequency which is selected to

second angle of polarization.

substantially reduce the display of background
objects viewed which re?ect light that does not

5. The apparatus according to claim 1 wherein the

differ whether the retarder is in the rotated mode

rate at which the retarder means alternates is selectively
variable.

or the nonrotated mode.

6. The apparatus according to claim 1 wherein the

17. The apparatus according to claim 13 wherein the

rate at which the retarder means alternates is in the

polarizer is stationarily mounted to apparatus.
18. An apparatus for searching for selected objects,
comprising in combination:

range of ?ve to twelve cycles per second.
7. The apparatus according to claim 1 wherein the
lens array comprises an optical array for receiving and

lens array means for defining an image path for view

passing visible light re?ected from objects.

ing objects at which the apparatus is pointed;
liquid crystal retarder means in the image path for

8. The apparatus according to claim 1 wherein the
lens array is a video camera which electronically dis

passing light received from objects viewed substan

plays objects being observed.

tially without effect when in a nonrotated mode,
and when in a rotated mode, for rotating light 90

9. The apparatus according to claim 1 wherein the 15

degrees received from objects viewed;

lens array is an infrared detector which detects infrared

radiation from objects being observed and displays ob

circuit means for alternately applying voltage to the

jects observed in a form proportional to different wave

retarder means at a selected variable rate to oscil

lengths of infrared radiation being detected.

late the retarder means between the rotated and

10. The apparatus according to claim 1, further com 20
prising means for mounting the apparatus to a fuselage
of an airplane.

.

11. The apparatus according to claim 1 wherein the
lens array comprises video camera means for providing

electrical signals for electronically displaying objects
viewed; and wherein the apparatus further comprises:
frequency ?lter means for ?ltering electrical signals

25

nonrotated modes; and
light polarizer mounted stationarily to the apparatus
in the image path for polarizing light received from
objects after passing through the retarder means, so
that images of. objects viewed which will re?ect
light that will polarize will appear to alternately
?ash as the retarder means is oscillated between the

rotated and nonrotated modes.
19. The apparatus according to claim 18 wherein the
variable rate is in the range from ?ve to twelve cycles
per second.
20. A method for searching for selected objects, com

produced by the video camera means in a range
below a selected frequency which is selected to

substantially reduce the display of background
objects viewed which re?ect light that does not
12. The apparatus according to claim 1 wherein the

prising in combination:
providing a lens array de?ning an image path and

polarizer is nonrotatably mounted to apparatus.
13. An apparatus for searching for selected objects,
comprising in combination:

pointing the lens array at objects;
providing a liquid crystal retarder, and alternately
rotating light in the image path received from ob

?ash as the retarder means alternates.

a lens array de?ning an image path for viewing ob
jects at which the apparatus is pointed;
a

jects between a rotated and a nonrotated mode; and

polarizing the light in the image path after passing
through he retarder, and viewing the polarized
light, the alternating modes of the retarder produc
ing ?ashing of images of certain of the objects.

liquid crystal retarder in the image path which
when in a nonrotated mode passes light received

from objects viewed substantially without effect,

21. The method according to claim 20 wherein the
step of alternately rotating light with the retarder com

and when in a rotated mode, will rotate light 90

degrees received from objects viewed;

prises rotating the light 90 degrees.

circuit means for alternately applying voltages to the
retarder at a selected rate to cause the retarder to

22. The method according to claim 20 wherein the

alternate between the rotated and nonrotated

step of alternately rotating light with the retarder com
prises rotating the light 90 degrees at a variable selected

modes; and
a light polarizer mounted to the apparatus in the

rate.

image path for polarizing light received from ob
jects after passing through the retarder; and

23. The method according to claim 20 wherein the

step of polarizing the light comprises mounting a polar

50 izer stationarily to a rearward side of the retarder.
wherein
24. The method according to claim 20 wherein the
images of certain of the objects viewed will appear to
alternately ?ash as the retarder is changed between
step of providing a lens array comprises providing a
the rotated and nonrotated modes.
lens array which will pass visible light.
25. The method according to claim 20 wherein the
14. The apparatus according to claim 13 whrein the
55 step of providing a lens array comprises providing a
rtarder comprises:
a liquid crystal chamber mounted between a pair of
lens array which will pass infrared light.
26. The method according to claim 20 wherein the
glass surfaces and having a liquid crystal substance
step of providing a lens array comprises providing a
contained therein.
video camera which provides electrical signals for elec
15. The apparatus according to claim 13 wherein the

rate at which the circuit means causes the retarder to

alternate between the rotated mode and the nonrotated

mode is selectively variable.
16. The apparatus according to claim 13 wherein the

60 tronically displaying objects viewed; and wherein the
method further comprises:
?ltering electrical signals produced by the video cam
era means in a range below a selected frequency

which is selected to substantially reduce the display

lens array comprises video camera means for providing

electrical signals for electronically displaying objects
viewed; and wherein the apparatus further comprises:
frequency ?lter means for ?ltering electrical signals
in a range produced by the video camera means

65

of background objects viewed which re?ect light
that does not differ whether the'retarder is in the
rotated mode or the nonrotated mode.
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