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COMPOUND EYE LASER TRACKING 
DEVICE 

FIELD OF THE INVENTION 

This invention is in the field of optics, and more particu 
larly deals with tracking and sensing devices. 

BACKGROUND OF THE INVENTION 

2 
bundle, and can be a light guide. Filtering the signal to limit 
the angular field of view may involve the light guide, which 
may select specific wavelengths with an optical bandpass 
filter, may be formed from a combination of a shortpass filter 

5 and a longpass filter. The photodetector can be a single 
detector whose output indicates the position of the light on 
the detector and may be a plurality of detectors. The elec 
tronics may include noise filtering. The electrical output 
signal may be analog or digital. 

10 

There is a need for a wide field-of-view compound eye 
optics for semi-active laser (SAL) spot-tracking missile 
seekers to provide precision guidance to targets, for illumi 
nated image tracking, and for image sensing, all in the 
presence of elevated background illumination. An ideal 
device to meet these needs would provide a wide field of 
view (> 10° cone angle) without the need for moving parts. 
The device would include spectral and angle filtering in the 
optical portion, plus electrical noise reduction. The back 
ground illumination could include the sun in the FOY and 20 

within 1 ° of the target. The illumination could, for example, 
be a near-infrared (NIR), repetitively pulsed laser. The 
device would produce an electronic signal to enable a 
tracking system to follow the target. Such a signal could, for 
example, be a simple set of voltages or digital data, indi- 25 
eating whether or not the target is centered in the FOY of the 
device and, if it is not centered, indicating the direction off 
center where the target is located. 

Current SAL seekers, for example, use single aperture 
optics and suffer from a limited FOY (about 10°), which is 30 

insufficient to search for and acquire the target. The seekers 
also suffer from relatively high ambient noise, both elec 
tronically and in the optical portion; they are therefore 
inefficient in blocking bright sunlight. Illuminated image 
tracking and -sensing devices suffer from the same difficul- 35 

ties. 

SUMMARY OF THE INVENTION 

CONCISE DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a Compound Eye Laser Missile Seeker. 
FIG. 2 shows Block Diagram of the Operation of the 

15 subject invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The Compound Eye Laser Missile Seeker of the subject 
invention is a tracking system used to guide items to strike 
a laser-illuminated target. The laser illuminator is modeled 
as a short-pulse laser operating at 1.064 µm, operating at a 
repetition rate of at least 100 Hz. The CELMS accurately 
tracks the illuminated spot even when the direction of the 
sun is very close to the direction to the illuminated spot, and 
initially finds the illuminated spot in a 50° cone field of view 
(FOY). The final CELMS fits within a cylinder whose 
diameter is 2.75 in. (70 mm) and whose length is roughly 6 
in. (150 mm), and it does not require moving parts. The 
CELMS output is two de voltages, one to guide the item in 
elevation, the other in azimuth. 

The subject invention includes a method of tracking an 
optical signal in the presence of optical noise, having the 
steps of collecting a signal with a lens array, filtering the 
signal to select specific wavelengths or wavelength ranges, 
filtering the signal to limit the angular field of view of each 
lens, directing the signal to one or more photodetectors, and 
processing the output(s) of the photodetector(s) so that 
signals are produced which describe the angular difference 
between the pointing direction of the signal and the pointing 
direction of the tracking device. The lens array may be 
mounted to a curved surface and is biometrically inspired. 

Further, a holographic system may be used as a spectral 
and/or angular filter and may be a substrate-guided holo 
graphic filter. The method of directing the optical signal to 
one or more photodetectors may be with an optical fiber 

The subject invention resolves these issues, being an 
innovative wide field-of-view, compound eye, laser illumi 
nation seeker 10, based on multiaperture compound receiver 
optics (MACRO) with a spectral and angle filter. The subject 
invention includes a MACRO, made of a lens array 30 
aligned with a light-guide array 25, an angle filter 15, a 
spectral filter 15, a set of detectors 20 (typically four), and 
electronics and software FIG. 1). In the configuration of a 
missile cruising to the target area, an external designator 
sends laser pulses to mark the target, and the MACRO 
receives the diffused reflection light from the target and 
creates a laser spot image. The angle and spectral filters, 
combined with light guides, fiber optic bundles, and/or 
holographic optical elements, directs the target laser beam to 
the detectors, which act as signal position sensors. The angle 
and spectral filters eliminate most extraneous light, such as 
bright background illumination, before it reaches the detec 
tors. The electronics further filter the output of the detectors, 
then process the position-sensitive signals and calculate the 
azimuth and elevation corrections. These correction signals 
are sent to the direction control subsystem of the missile, 

40 which implements the corrections and steers the missile so 
that the laser spot moves from the edge to the center in the 
FOY to track the target. In the sensing and fixed target 
tracking configurations, the azimuth and elevation signals 
are used to direct the sensor, keeping it pointed at the target. 

45 The MACRO emulates a biologically-inspired compound 
eye, enabling the subject invention to provide a constant, 
wide FOY, eliminating the need for a gimbal. 

The subject invention uses angular- and spectrally-selec 
tive filters, which eliminate the interference of solar light 

50 and allow simple integration with a quad detector 50, a 
position detector, or several individual detectors, resulting in 
a compact device package that can be easily implemented 
within a small volume. A substrate-guided holographic 
(SGH) relay 45 can be used as a combined angular and 

55 spectral filter. The SGH comprises two holographic optical 
element (HOE) lenses integrated on a flat glass substrate The 
two HOE lenses can be fabricated in a holographic photo 
polymer film and can offer over 80% throughput ( diffraction 
efficiency) with an out-of-band rejection ratio about 60 dB 

60 or OD 6. Only photons that satisfy both the Bragg wave 
length and Bragg angle simultaneously are diffracted by the 
SGH filter and reach the detector. Other photons that have 
different incident angles or wavelengths, such as bright 
sunlight, are rejected by the SGH filter, and will not reach 

65 the detector; thus, a low noise and high signal-to-noise ratio 
(SNR) can be achieved. If the SGH filter is not included, 
separate angle and spectral filters must be used. The angle 
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filter can be, for example, a light guide design that restricts 
the FOY of each lens of the MACRO. The spectral filter can 
be, for example, a narrowband interference filter. 

An ideal device should have the following properties: 
Capable of tracking an illumination laser, which is pulsed 5 

or modulated and operates at a specific wavelength 
Capable of rejecting a bright, broadband background 

source within 1 ° from the target 
Capable of rejecting a bright, broadband illumination of 

the target 
Wide field of view > 10° full cone angle 
No moving parts. 
An example implementation is configured to guide a 

missile to a designated target. This example includes a 
MACRO with a plurality oflenses 35. Each lens has a small 15 
FOY (6.25° in this example). The lenses are arranged on a 
surface that is curved so that the normal to the center of each 
lens is pointed in the direction, relative to the other lenses, 
of its portion of the FOY. The lenses are arrayed in quad 
rants, aligned to the direction change capabilities of the 20 
missile (for example, up-left, up-right, down-left, and down 
right to provide azimuth and elevation signals). The indi 
vidual lens FOVs are tiled in such a way as to cover the 
entire FOY. In this example, with each lens covering 6.25° 
and the FOY being 50° full cone angle, the diameter of the 25 
MACRO will contain eight lenses. To fill a FOY of 50° full 
cone angle, a total of 52 lenses are required in this example 
(FIG. 1-2). 

In this example, all the light received by an individual 
quadrant is collected by a set oflight guides or fiber bundles 30 

45. The configuration of the light guide or fiber bundle 
restricts the individual lens FOY to its designated 6.25° 
section. The light from the 13 lenses in each 25° pie-shaped 
quadrant is combined into a single output. The light then 
passes through a spectral filter 50, which is an SGH in this 35 

example, and is directed to a single detector covering that 
quadrant. Comparison of the responses of the responses of 
the four detectors, each representing one quadrant, are then 
compared to determine the correction values to be sent to the 
direction control electronics. 

The MACRO is a multilens array mounted on a curved 
surface, where the angular deviation of each lens from the 
center of the MACRO FOY is such that the lens is pointing 
exactly in the direction centered in the lens FOY assigned to 
that lens. This results in a significant reduction in aberration 45 

when compared to an individual lens with the diameter and 
FOY of the MACRO. In addition, since the MACRO uses 
thinner lenses than an individual lens with the same size and 
MACRO FOY, it is much lighter than an individual lens. 

It will be understood that the foregoing description is of 50 
preferred exemplary embodiments of the invention and that 
the invention is not limited to the specific forms shown or 
described herein. Various modifications may be made in the 
design, arrangement, and type of elements disclosed herein, 
as well as the steps of making and using the invention 55 
without departing from the scope of the invention as 
expressed in the appended claims. 

The invention claimed is: 
1. A method for tracking an optical signal in the presence 

of optical noise, comprising 

10 

40 

4 
A tracking system having no moving parts, said tracking 

system having a lens array for collecting the signal; 
filtering the signal with a substrate guided holographic 

relay for selecting specific wavelengths or wavelength 
ranges, and for limiting the angular field of view of 
each lens; 

directing the signal to one or more photodetectors; 
processing the output of the one or more photodetectors 

so that a correction signal is produced which describe 
an angular difference between a pointing direction of 
the correction signal and a pointing direction of a 
tracking device, and sending the correction signal to a 
direction control system for implementation. 

2. The method of claim 1 wherein the lens array is 
mounted to a curved surface. 

3. The method of claim 1 wherein the filtering steps 
comprises utilizing two holographic optical elements inte 
grated on a flat glass substrate. 
4. The method of claim 1 wherein the step of directing the 

signal to one or more photodetectors utilizes an optical fiber 
bundle. 

5. The method of claim 1 wherein the step of directing the 
signal to one or more photodetectors utilizes a light guide. 

6. The method of claim 5 wherein filtering the signal to 
limit angular field of view is with the light guide. 
7. The method of claim 1 wherein filtering the signal to 

select specific wavelengths is with one or more optical 
bandpass filters. 

8. The method of claim 7 wherein each optical bandpass 
filter is formed from a combination of a shortpass filter and 
a longpass filter. 
9. The method of claim 1 wherein the one or more 

photodetector comprises a single detector whose output 
indicates the position of a light on the detector. 

10. The method of claim 1 wherein the one or more 
photodetector comprises a plurality of detectors. 

11. The method of claim 1 further including noise filter 
ing. 

12. The method of claim 1 wherein output of the one or 
more photodetector is analog. 

13. The method of claim 1 wherein the output of the one 
or more photodetector is digital. 

14. A compound eye laser illumination seeker, comprising 
multi aperture compound receiver optics having no moving 
parts, the optics having a lens array, the lens array being 
aligned with a light guide array, a spectral and angle filter for 
eliminating extraneous light and sending a signal to a set of 
detectors; a processor for processing the signal to calculate 
a correction signal, said spectral and angle filter comprising 
a holographic optical lens integrated on a flat transparent 
substrate and a direction control system for receiving the 
correction signal and implementing the correction signal. 

15. The compound eye laser illumination seeker of claim 
14 wherein the set of detectors comprise four photo detec 
tors. 

16. The method of claim 1 wherein the step of filtering the 
signal with a substrate guided holographic relay utilizes a 
combined angular and spectral filter. 

* * * * * 


