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(57) ABSTRACT 
The current invention describes a method for determining 
azimuth and elevation angles of a radiation source or other 
physical objects located anyWhere Within an cylindrical ?eld 
of vieW. The invention makes use of an omni-directional 
imaging system comprising of re?ective surfaces, an image 
sensor and an optional optical ?lter for ?ltration of the 
desired Wavelengths. The said imaging system is designed to 
vieW an omni-directional ?eld of vieW using a single image 
sensor and With no need for mechanical scan for coverage of 
the full ?eld of vieW. Use of tWo such systems separated by 
a knoWn distance, each providing a different reading of 
azimuth and elevation angle of the same object, enables 
classic triangulation for determination of the actual location 
of the object. The invention is designed to enable use of low 
cost omni-directional imaging systems for location of radia 
tion sources or objects. Many additional needs and applica 
tions are envisaged for such a method. Those needs include: 
location of ?ares and torches in search and rescue operations 
at sea or over land, detection of aircraft in close proximity 
for ?ight safety in VFR ?ight conditions, detection and 
location of Weapon systems that employ Laser Range Find 
ers, detection and Warning of Laser Target Designators used 
in conjunction With surface launched or air dropped preci 
sion guided munitions, operation of Infra-red countermea 
sures, location of sparks resulted by enemy ?re etc. 
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OMNI-DIRECTIONAL RADIATION SOURCE AND 
OBJECT LOCATOR 

FIELD OF THE INVENTION 

[0001] The invention relates to the ?eld of omni-direc 
tional imaging. More speci?cally but not exclusively, it 
relates to the ?eld of location of radiation sources and 
objects by using omni-directional imaging systems. 

DESCRIPTION OF RELATED ART 

[0002] The present invention refers to a method for detec 
tion and location of radiation sources and physical objects in 
a cylindrical ?eld of vieW. Radiation source detection sys 
tems are Widely used, mostly for military purposes. Current 
techniques are based on employment of an imaging device 
With a focal plane array that is sensitive to a speci?c 
Wavelength, thus enabling detection of energy radiated in 
this precise Wavelength. Detection of a radiation source is 
done by detection of changes on the focal plane array— 
changes that occur only if a ray of the de?ned Wavelength 
has penetrated the optical ?lter and came in contact With the 
focal plane array. Determination of the position (aZimuth 
and elevation angles) of the radiation source is based on 
registration of each piXel’s elevation and aZimuth. Employ 
ment of tWo such systems, each detecting the same radiation 
source and each producing a different aZimuth and elevation 
angle enable determination of the radiation source’s eXact 
location by classic triangulation methods. 
[0003] The mentioned method is currently used With 
imaging systems Which are able to cover only a relatively 
narroW ?eld of vieW. Therefore, in order to cover a ?eld of 
regard that is Wider than the ?eld of vieW covered by the 
imaging system, it is customary to use several imaging 
systems, each covers a different ?eld of vieW. The use of 
several imaging systems in such a solution necessitates 
accurate alignment of the systems to assure that each of them 
covers a different sector With no gaps or overlaps, and that 
all of them together cover the full panoramic vieW. It is also 
required that advanced synchroniZed softWare Will support 
all imaging devices and provide accurate readings and 
calculation of the aZimuth and elevation of the illuminating 
source. Due to its complexity this method is considered 
cumbersome and costly. Another method commonly used is 
by rotating a conventional system about its aXis to achieve 
coverage of a full panoramic ?eld of regard. Rotation of 
such a system requires combination of smoothly moving 
mechanical component, accurately controlled and synchro 
niZed With the softWare’s operation to assure accurate deter 
mination of aZimuth and elevation angles of the illuminating 
source. 

[0004] The current invention provides a static staring 
imaging system that enables coverage of a full panoramic or 
nearly spherical ?eld of vieW, Without mechanical move 
ment or the need for multiple imaging systems. The inven 
tion Was disclosed in provisional patent No. 60/276933 
submitted by “Wave Group Ltd.”. The optical structures that 
enable the unique coverage of a full panoramic ?eld of vieW 
or the nearly spherical ?eld of vieW are disclosed at provi 
sional patent No. 60/322737 submitted by “Wave Group 
Ltd.” and provisional patent application No. 60/22565 sub 
mitted by “Wave Group Ltd.”. 

SUMMARY OF THE INVENTION 

[0005] A ?rst embodiment of the current invention pro 
vides a method for determining elevation angle of an object 
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imaged by a focal plane array sensor. Said focal plane array 
sensor is part of a focal plane array that images an omni 
directional ?eld of vieW. Said method comprises of the 
folloWing stages: 

[0006] a. Imaging a cylindrical ?eld of vieW using an 
omni-directional imaging system Which comprises 
of an omni-directional lens assembly and a focal 
plane array. 

[0007] b. Detection of an object imaged by a ?rst 
sensor element on the said focal plane array. 

[0008] c. Registration of the coordinates of said ?rst 
sensor element relative to its position on the said 
focal plane array. 

[0009] d. Registration of the coordinates of a second 
sensor element Which occupies the center of the 
entire image, relative to its position on the said focal 
plane array. 

[0010] e. Determination of the distance betWeen said 
?rst sensor element and said second sensor element. 

[0011] f. Determination of a transformation function, 
Which assigns each said distance the appropriate 
elevation angle value, said transformation function is 
compatible to the design of the omni-directional 
imaging system. 

[0012] g. Extraction of elevation angle value Which 
corresponds to the said distance value from the said 
transformation function. 

[0013] Preferably, said omni-directional lens assembly, 
Which is a part of the omni-directional imaging system, 
comprises re?ective lenses, Which create a re?ection of the 
omni-directional ?eld of vieW toWards the said focal plane 
array. 

[0014] Said method, may further incorporate placement of 
an optical ?lter anyWhere along the optical path of light rays 
that are captured by the said omni-directional imaging 
system. Said optical ?lter is selected to insure ?ltration of 
speci?c Wavelengths. 

[0015] The said object that is detected by the said omni 
directional imaging system may be a radiation source. Said 
radiation source may emit in the visible or invisible spec 
trum. 

[0016] Preferably, detection of said object or said radiation 
source on the said focal plane array is accomplished by 
softWare processing of the image that is captured by the said 
focal plane array. 

[0017] Preferably, detection of said object on the said focal 
plane array is accomplished by employment of an electronic 
circuit, Which is connected to said focal plane array. 

[0018] Preferably, said electronic circuit is designed to 
detect charge changes on the said focal plane array and 
register the coordinates of the sensor elements on Which 
changes have been detected. 

[0019] A Second embodiment of the current invention 
provides a method for determining aZimuth angle of an 
object imaged by a focal plane array sensor. Said focal plane 
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array sensor is part of a focal plane array that images an 
omni-directional ?eld of vieW. Said method comprises of the 
following stages: 

[0020] a. Imaging a cylindrical ?eld of vieW using an 
omni-directional imaging system Which comprises 
of an omni-directional lens assembly and a focal 
plane array. 

[0021] b. Detection of an object imaged by a ?rst 
sensor element on the said focal plane array. 

[0022] c. Registration of the coordinates of said ?rst 
sensor element relative to its position on the said 
focal plane array. 

[0023] d. Registration of the coordinates of a second 
sensor element Which occupies the center of the 
entire image, relative to its position on the said focal 
plane array. 

[0024] e. Determination of the distance betWeen said 
?rst sensor element and said second sensor element. 

[0025] f. Superposition of a virtual tWo dimensional 
coordinate system upon said focal plane array, in a 
Way that the origin of said coordinate system coin 
cides With the said second sensor element. 

[0026] g. Alignment of one of the aXes of said coor 
dinate system With true north. 

[0027] h. Determination of the angle betWeen the line 
connecting said ?rst sensor element With said second 
sensor element and the aXis aligned With true north— 
said angle being the aZimuth angle 

[0028] Preferably, said omni-directional lens assembly, 
Which is a part of the omni-directional imaging system, 
comprises re?ective lenses, Which create a re?ection of the 
omni-directional ?eld of vieW toWards the said focal plane 
array. 

[0029] Said method, may further incorporate placement of 
an optical ?lter anyWhere along the optical path of light rays 
that are captured by the said omni-directional imaging 
system. Said optical ?lter is selected to insure ?ltration of 
speci?c Wavelengths. 
[0030] The said object that is detected by the said omni 
directional imaging system may be a radiation source. Said 
radiation source may emit in the visible or invisible spec 
trum. 

[0031] Preferably, detection of said object or said radiation 
source on the said focal plane array is accomplished by 
softWare processing of the image that is captured by the said 
focal plane array. 

[0032] Preferably, detection of said object on the said focal 
plane array is accomplished by employment of an electronic 
circuit, Which is connected to said focal plane array. 

[0033] Preferably, said electronic circuit is designed to 
detect charge changes on the said focal plane array and 
register the coordinates of the sensor elements on Which 
changes have been detected. 

[0034] The embodiments as described hereby enable 
determination of aZimuth and elevation angles of objects or 
radiation sources in the visible or invisible spectrum, Which 
are located in a cylindrical ?eld of vieW, re?ected toWards a 
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focal plane array by a lens assembly comprises re?ective 
lens or a plurality of lenses, and detected on the focal plane 
array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] For a better understanding of the invention and to 
shoW hoW the same may be carried into effect, reference Will 
noW be made, purely by Way of eXample, to the accompa 
nying draWings. With speci?c reference noW to the draWings 
in detail, it is stressed that the particulars shoWn are by Way 
of eXample and for purposes of illustrative discussion of 
preferred embodiments of the present invention only, and are 
presented in the cause of providing What is believed to be the 
most useful and readily understood description of the prin 
ciples and conceptual aspects of the invention. In this regard, 
no attempt is made to shoW structural details of the invention 
in more detail than is necessary for a fundamental under 
standing of the invention, the description taken With the 
draWings making apparent to those skilled in the art hoW the 
several forms of the invention may be embodied in practice. 
In the accompanying draWings: 

[0036] FIG. 1 is a schematic description of an imaging 
device Which provides a cylindrical ?eld of vieW, and of the 
optical path of a light beam traveling Within the imaging 
device. 

[0037] FIG. 2 is a schematic description of an imaging 
device Which provides a nearly spherical ?eld of vieW and 
the optical path of a light beam traveling Within the imaging 
device. 

[0038] FIG. 3 is a brief schematic description of prior art, 
used to determine aZimuth and elevation angles of an object 
imaged by a narroW-angle imaging system. 

[0039] FIG. 4 is a schematic description of the unique 
shape of the image as acquired on the focal plane array of the 
imaging device. 

[0040] FIG. 5 is a schematic description of a method for 
determination of the aZimuth and elevation angles of the 
object or radiation source that is imaged. 

DETAILED DESCRIPTION 

[0041] The preferred embodiments of the current inven 
tion provide methods for determining the aZimuth and 
elevation angles of a radiation source or object located in a 
cylindrical ?eld of vieW and imaged by a Focal Plane Array 
(FPA) of an omni-directional imaging device. The folloWing 
detailed description Will refer, in brief, to the structure of a 
feW omni-directional imaging devices. It is stressed, that 
although only several forms of structure are demonstrated, 
the method of determining the aZimuth and elevation angles 
of an object imaged by these systems described hereby, is 
applicable to many other forms and structures of omni 
directional imaging devices that use re?ective surfaces. 
Therefore the incorporation of ?gures and references to 
speci?c models of omni-directional imaging devices is done 
purely by Way of eXample, and should not be considered as 
limiting the eXtent of this invention. 

[0042] FIG. 1 demonstrates detection of radiation (1), 
originating at a radiation source The radiation (1) is 
re?ected from an omni-directional mirror assembly (3) 
toWards a focusing lens (4), an optical ?lter (5) and a Focal 
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Plane Array Said omni-directional mirror assembly (3) 
contains one or more re?ective surfaces and is designed to 
enable a panoramic ?eld of vieW. It is stressed that alterna 
tive designs are possible for panoramic lens assemblies. 
Each such design may enable a full panoramic vieW at 
different elevation and depression angles, and speci?c 
designs can be determined according to the desired appli 
cations and needs. It is further stressed that the optical ?lter 
may be matched to Wavelengths of radiation of interest. The 
optical ?lter may be employed anyWhere along the optical 
path of the radiation as long as it is positioned before to the 
Focal Plane Array. The radiation (1) is detected by one or 
more sensor elements (7) on the Focal Plane Array (6), for 
eXample by one or several piXels on a Charged Couple 
Device (CCD). The actual detection of a light beam may be 
done by employment of an electronic circuit, connected to 
the Focal Plane Array and designed to detect charge changes 
or by means of softWare that examines or processes the 
output image. 
[0043] FIG. 2 demonstrates detection of radiation (8) 
originating at a ?rst radiation source (9) and radiation (10) 
originating at a second radiation source (11). The ?gure 
demonstrates an omni-directional lens assembly (12) Which 
provides a nearly spherical ?eld of vieW. By using this kind 
of lens assembly, it is possible to detect radiation sources or 
objects located Within a cylindrical ?eld of vieW around the 
imaging device, as Well as radiation sources or objects 
located above the imaging device. The radiation (8) origi 
nating at the ?rst radiation source (9) is re?ected inside the 
lens assembly (12) and toWards a focusing lens (13), an 
optical ?lter (14) and a Focal Plane Array (15) and is 
detected by a sensor element or a group of sensor elements 

(16) on the Focal Plane Array (15). The radiation (10) 
originated at the second radiation source (11) penetrates the 
lens assembly (12) from above, passing through the lens 
assembly (12), the focusing lens (13), being ?ltered by the 
optical ?lter (14) and being detected by a sensor element or 
a group of sensor elements (17) on the Focal Plane Array 

(15). 
[0044] FIG. 3 is a schematic description of prior art, by 
Which determination of aZimuth and elevation angles is 
made. This ?gure refers to imaging systems Which enable a 
conventional, narroW-angle ?eld of vieW. A scene (18) is 
imaged by a Focal Plane Array (19). It is stressed that the 
Focal Plane Array (19) is part of an entire imaging system, 
hoWever, in order to simplify the explanation, reference is 
made only to the Focal Plane Array (19). The image pro 
duced by the Focal Plane Array (19) is that of a relatively 
narroW ?eld of vieW. It is assumed that the siZe, in terms of 
angles, of the ?eld of vieW covered by the imaging device, 
is knoWn and that the number of sensor elements per line and 
per column on the Focal Plane Array is also knoWn. Given 
this information, it is easy to determine hoW many sensor 
elements per column cover a single degree at elevation and 
hoW many sensor elements per line cover a single degree in 
aZimuth. Each sensor element on the Focal Plane Array (19) 
is assigned a coordinate Which speci?es its line number and 
column number. A point (20) in the scene is selected, in 
respect to Which, the center (21) of the Focal Plane Array is 
neither elevated nor depressed or shifted in aZimuth. An 
object (22) in the scene appears on a sensor element (23) on 
the Focal Plane Array. Elevation and aZimuth angles of the 
object (22) need to be determined. Since the coordinates of 
the sensor element (23) that images the object (22) are 

Jun. 3, 2004 

knoWn, and the coordinates sensor element Which coincides 
With the center (21) of the Focal Plane Array (19) are also 
knoWn, it is easy to determine the distance of the sensor 
element (23) from the sensor element that coincides With the 
center (21) on the Focal Plane Array (19). It is also knoWn 
hoW many sensor elements per line and hoW many sensor 
elements per column cover a degree in space. All this 
information is easily used to determine the aZimuth and 
elevation angles of the object (22). This Well knoWn method 
commonly used in prior art, is not applicable When imaging 
a full panoramic ?eld of vieW, since such imaging devices 
incorporate re?ective surfaces, Which cause re?ections and 
sometimes double re?ections of the scene and distortions in 
Ways other that in conventional imaging. The irregular 
re?ection of the scene causes the image acquired by the focal 
plane array to have a unique shape, as illustrated beloW. 

[0045] FIG. 4 is a schematic description of the shape of 
the image created on a Focal Plane Array, When using an 
omni-directional imaging system, such as those demon 
strated in FIGS. 1 and 2. In this ?gure, a circular image (24) 
is acquired by the Focal Plane Array (25). Those skilled in 
the art of omni-directional imaging Would appreciate that the 
circular image (24) actually consists of an outer circle (26) 
and an inner circle (27). When imaging a cylindrical ?eld of 
vieW, the outer circle (26) Will image the cylindrical ?eld of 
vieW and the inner circle (27) Will image a re?ection of the 
lens that is inside the imaging system. When imaging a 
nearly spherical ?eld of vieW, the outer circle (26) Will image 
the cylindrical ?eld of vieW from around the imaging device, 
Whereas the inner circle (27) Will image the ?eld of vieW 
above the imaging device. 

[0046] FIG. 5 illustrates the manner in Which determina 
tion of aZimuth and elevation angles is made When using an 
omni-directional imaging system. This demonstration 
applies to objects located Within the cylindrical ?eld of vieW, 
imaged as the outer circle (26) on the focal plane array (25). 
In this ?gure, a sensor element (28) of the Focal Plane Array 
(25) images a radiation source or object located someWhere 
Within an omni-directional scene. For the purpose of illus 
tration only it is assumed that the Focal Plane Array (25) is 
rectangular in shape and that the circular image (24) is 
located eXactly at center of the Focal Plane Array. The center 
(29) of the circular image (24) is determined and a virtual 
tWo dimensional coordinate system originates from that 
center, having an “X” aXis (30) and a “Y” aXis (31), is 
imposed on it, its origin coinciding With the center of the 
circular image (29). The virtual coordinate system is rotated 
so that the “X” aXis (30) is aligned With true north. Each 
sensor on the Focal Plane Array (25) is assigned a coordinate 
specifying its line number and column number. 

[0047] To determine the aZimuth angle of an object or 
radiation source that is imaged by a sensor (28) of the Focal 
Plane Array (25): 

[0048] A virtual line (32) is formed, Which connects the 
sensor element coinciding With the center of the circular 
image (29) With the sensor element (28) Which images the 
object of interest. Given the coordinates of the tWo said 
sensors, and by using conventional trigonometry, the angle 
(33) betWeen that line and any of the aXes can be determined. 

[0049] To determine the elevation angle of an object or 
radiation source that is imaged by a sensor element (28) on 
the Focal Plane Array (25): 
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[0050] A virtual line (32) is formed, Which connects the 
sensor element coinciding With the center of the circular 
image (29) With the sensor element (28) Which images the 
object of interest. Given the coordinates of the tWo said 
sensors, it is easy to determine the length of the virtual line 
(32) that connects them. The length of the virtual line (32) 
is used by a transformation function. The transformation 
function assigns each “length” value, a corresponding eleva 
tion angle. The transformation function is determined 
according to the speci?c design and parameters of the 
omni-directional lens assembly and layout of the imaging 
system. 

[0051] Those skilled in the art Would appreciate that the 
transformation function is a product of the detailed optical 
design of the lens assembly. Since this invention does not 
refer to optical design parameters, and is not intended to 
serve as a guide in the process of optical design, no further 
reference is made to the transformation function. It is 
stressed hoWever, that although the transformation function 
is needed for proper determination of elevation angles, this 
function varies according to the speci?c design of the lens 
assembly, and is considered as given information to those 
skilled in the art of optical design. 

[0052] It is further important to notice that the transfor 
mation function should produce different values according 
to the position of the imaging system itself. More explicitly, 
if the imaging system itself it tilted (in elevation or in 
aZimuth), the tilt angle is needed in order to produce a true 
result regarding positions of objects that appear in the image. 

[0053] Referring to the current invention in general, it is 
stressed that although reference Was made to several kinds 
of omni-directional imaging systems, including both cylin 
drical ?led of vieW imaging devices and nearly spherical 
?eld of vieW imaging devices, the aZimuth and elevation 
measurement methods described hereby refer only to objects 
appearing in the ?eld of vieW acquired by the focal plane 
array after re?ection, Which is the cylindrical ?eld of vieW. 
It is important to note that the nearly spherical ?eld of vieW 
imaging device, produces tWo different image sectors on the 
FPA. One image sector, referred to in FIG. 5 as the outer 
circle (26) comprises the cylindrical ?eld of vieW Which is 
generated after re?ection. The other image sector, referred to 
as the inner circle (27) comprises a landscape from above the 
imaging system, Which is imposed as direct light through 
optical lenses and not as re?ections from re?ective surfaces. 
Therefore, When implementing this method, it should be 
noticed, that the implementation is performed on image 
sectors that are acquired only after re?ection, normally—by 
a round mirror of aXi-symmetrical shape. 

What is claimed is: 
1. A method for determining elevation angle of an object 

imaged by a focal plane array sensor, comprising the fol 
loWing stages: 

a. Imaging a cylindrical ?eld of vieW using an omni 
directional imaging system Which comprises of an 
omni-directional lens assembly and a focal plane array. 

b. Detection of an object imaged by a ?rst sensor element 
on the said focal plane array. 

c. Registration of the coordinates of said ?rst sensor 
element relative to its position on the said focal plane 
array. 
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d. Registration of the coordinates of a second sensor 
element Which occupies the center of the entire image, 
relative to its position on the said focal plane array. 

e. Determination of the distance betWeen said ?rst sensor 
element and said second sensor element. 

f. Determination of a transformation function, Which 
assigns each said distance the appropriate elevation 
angle value, said transformation function is compatible 
to the design of the omni-directional imaging system. 

g. Extraction of elevation angle value Which corresponds 
to the said distance value from the said transformation 
function. 

Wherein said focal plane array images an omni-direc 
tional ?eld of vieW. 

2. A method of claim 1, Wherein said omni-directional 
lens assembly comprises re?ective lenses. 

3. A method of claim 1, Wherein said detection of an 
object is accomplished by softWare processing of the image. 

4. A method of claim 1, Wherein said detection of an 
object is performed by an electronic circuit connected to said 
focal plane array. 

5. An electronic circuit of claim 4, designed to detect 
charge changes on the said focal plane array and register the 
coordinates of sensor elements in Which changes have been 
detected. 

6. A method of claim 1, further comprising placement of 
an optical ?lter, anyWhere along the optical path of light rays 
captured by the said omni-directional imaging system, 
selected to insure ?ltration of speci?c Wavelengths, and 
covering the entire ?eld of vieW. 

7. An optical ?lter of claim 6, comprising of a multitude 
of optical ?lters. 

8. A method of claim 1, Wherein said object is a radiation 
source. 

9. Aradiation source of claim 8, Which emits in the visible 
spectrum. 

10. A radiation source of claim 8, Which emits in the 
invisible spectrum. 

11. A method for determining aZimuth angle of an object 
imaged by a focal plane array sensor, comprising the fol 
loWing stages: 

a. Imaging a cylindrical ?eld of vieW using an omni 
directional imaging system Which comprises of an 
omni-directional lens assembly and a focal plane array. 

b. Detection of an object imaged by a ?rst sensor element 
on the said focal plane array. 

c. Registration of the coordinates of said ?rst sensor 
element relative to its position on the said focal plane 
array. 

d. Registration of the coordinates of a second sensor 
element Which occupies the center of the entire image, 
relative to its position on the said focal plane array. 

e. Determination of the distance betWeen said ?rst sensor 
element and said second sensor element. 

f. Superposition of a virtual tWo dimensional coordinate 
system upon said focal plane array, in a Way that the 
origin of said coordinate system coincides With the said 
second sensor element. 
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g. Alignment of one of the axes of said coordinate system 
With true north. 

h. Determination of the angle betWeen the line connecting 
said ?rst sensor element With said second sensor ele 
ment and the aXis aligned With true north—said angle 
being the azimuth angle 

Wherein said focal plane array images an omni-direc 
tional ?eld of vieW. 

12. A method of claim 11, Wherein said omni-directional 
lens assembly comprises re?ective lenses. 

13. A method of claim 11, Wherein said detection of an 
object is accomplished by softWare processing of the image. 

14. A method of claim 11, Wherein said detection of an 
object is performed by an electronic circuit connected to said 
focal plane array. 
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15. An electronic circuit of claim 14, designed to detect 
charge changes on the said focal plane array and register the 
coordinates of sensor elements in Which changes have been 
detected. 

16. A method of claim 11, further comprising placement 
of an optical ?lter, anyWhere along the optical path of light 
rays captured by the said omni-directional imaging system, 
selected to insure ?ltration of speci?c Wavelengths, and 
covering the entire ?eld of vieW. 

17. An optical ?lter of claim 16, comprising of a multitude 
of optical ?lters. 

18. A method of claim 11, Wherein said object is a 
radiation source. 

19. A radiation source of claim 18, Which emits in the 
visible spectrum. 

20. A radiation source of claim 18, Which emits in the 
invisible spectrum. 


