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OBJECT DETECTION SYSTEM 

Field of Invention 
The present invention relates to a system for the detection and determination 

of the moving properties of an incoming flying or moving object, approaching 

towards a target, which may be a stationary structure or a moving platform 

on the ground, in the air or at sea. The invention employs one or more optical 

curtains. 

Background of the Invention 

The system of the present invention serves as an indispensable part of a warning 

or protection system against intrusion or hit by an incoming flying object. In 

order to accomplish its purpose efficiently, the detection system must fulfill the 

following conditions^ 

(a) Detect an intrusion of an incoming flying object into a predefined region in 

space around the protected target; 

(b) Identify the point of intrusion in three dimensions in space! 

(c) Identify the trajectory in space of the incoming object; 

(d) Make a reliable estimate relating to the velocity of the incoming object; 

(e) Be immune to disturbances caused by the radiation of the sun or any other 

external source of radiation, natural or artificial; 

(f) Operate reliably under adverse weather conditions; 

(g) Discriminate between several incoming objects by their size and orientation; 

(h) Have a minimal false alarm rate (FAR). 

Detection units of the optical tj^pe typically utilize a so called "optical curtain" 

at some distance in front of the target's wall. Hereinafter, the term "target" 

relates to a stationary structure or a moving platform on the ground, in the 

air or at sea. The optical curtain is typically a region in space, approximating 

a planar or curved surface, which is irradiated by one or more laser 

transmitters or by any other light sources (for example, LEDs) that can be 
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temporally modulated at high frequency, relative to the frequency of changes 

in background radiation. The optical curtain has a generalized form of a "fan", 

being as wide as necessary in a tangential plane while being relatively thin 

(in the order of a single instantaneous field-of-view of an optical receiver) in 

the radial direction. An intrusion into the optical curtain by an approaching 

object causes a reflection or scatter of light, which is sensed by one or more 

optical receivers. The receivers convey their respective signals to a processing 

unit, which in turn calculates one or more of the following parameters'- (a) the 

location of intrusion into the optical curtain! (b) the trajectory of the object; 

and (c) the velocity of the object. 

US 6,396,577 discloses a Lidar-based air defense system for detecting, 

tracking and even destroying airborne objects. The system comprises plurality 

of laser transmitters, each transmitter contributes a single laser ray to an 

optical curtain. Pluralities of laser receivers are also provided to sense 

reflection or scatter from the optical curtain resulting from the object's 

intrusion. A processing unit is also provided to calculate one or more of the 

above-mentioned parameters (i.e., the location of intrusion of the object into 

the optical curtain, and the object's velocity or trajectory. 

US 7,944,549 (corresponding to IL 167932) entitled "Optical Screen, Systems 

and Methods for Producing and Operating Same" discloses a system for 

forming an optical screen, which comprises one or more laser transmitters 

and one or more optical receivers. IL 167932 also describes the production of 

an optical screen from a single transmitter. Each optical receiver of IL 167932 

includes an array of optical detectors. While IL 167932 shows in its drawings 

a one dimensional array, it never discusses use of a two dimensional array, 

nor does it teach any advantage which can be obtained by using such a two 

dimensional array rather than using the shown one dimensional array. While 

Fig. 4 of US 7,944,549 shows an arrangement having one transmitter and one 

receiver, still this arrangement cannot determine a location of an object 
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intrusion into the curtain in three dimensions (i.e., two coordinates defining 

the location of intrusion into the curtain, assuming that the coordinates 

defining the surface of the curtain itself are known). Furthermore, this cannot 

be done even assuming that IL 167932 uses a two dimensional array, unless a 

parallax is provided between the plane of the receiver's array and the plane of 

the optical screen. However, IL 167932 remains totally silent with respect to 

this parallax condition. Furthermore, when IL 167932 discloses a manner of 

forming an optical screen, it still remains silent on how to adapt such optical 

screen for the protection of an object such as a moving platform, while 

considering all the specific problems associated with such moving platform 

protection application. 

In another aspect, one problem which is associated with the operation of a 

detection system outdoors relates to the solar radiation, or any other external 

source of radiation, natural or artificial. When the solar radiation hits the 

ground or any natural or artificial object, clutter is caused, that may be 

falsely considered by the system as an intrusion. Moreover, the shadow of the 

threat produced by the sun radiation or by the laser transmitter radiation 

may also be falsely considered by the system as an intrusion. 

Furthermore, while protecting a target, there are several irrelevant regions 

for which activation of the warning or protection system is undesirable and 

should preferably be avoided. For example, an object which approaches the 

target in a direction or at a location which is not of interest may generally be 

ignored. Therefore, it is also highly desirable to provide an optical type 

detection system which can distinguish to a high degree between locations 

that are relevant for warning/protection and those locations that are 

irrelevant. As will be demonstrated hereinafter, the definition of said 

locations that are irrelevant for warning/protection in fact involves definition 

of irrelevant locations within the optical curtain. 
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US 4,788,439 discloses the use of adjacent "guard detectors" in order to 

overcome the adverse effect of fog, clouds or other aerosols on the signal of the 

"target detectors". The "guard" and "target" detectors are alternately 

positioned next to one another along a straight line, i.e., they form a one-

dimensional linear array. There is provided a laser transmitter operating in a 

continuous mode, which irradiates the object to be detected, as well as the 

aerosol particles. The signal received in the "guard detectors" from the 

aerosols is subtracted from the signal received in the "target detectors" in 

order to improve the signal-to-noise ratio at the "target detectors". There are, 

however, several important differences between US 4,788,439 and the present 

invention. The transmitter in US 4,788,439 operates at a continuous-wave 

mode, while the present invention cancels effects arising from the solar 

radiation while operating in a pulsed mode. As a result, background 

subtraction in US 4,788,439 is done spatially between two adjacent detectors, 

whereas, as will be shown, in the present invention the subtraction is 

performed pixel-by-pixel between two time-consecutive frames of the same 

spatial region. As a result, the system of the present invention enables much 

more detailed, powerful and effective background subtraction compared to US 

4,788,439. 

It is an object of the present invention to provide a detection system for 

protecting a target (a moving platform or a stationary structure) which is 

more compact compared to similar prior art systems. 

It is another object of the invention to provide a detection system which 

overcomes the effects of solar radiation and associated clutter and shadows, 

and is thereby much less prone to the resulting false alarms. 

It is still another object of the present invention to provide a detection system 

in which regions that are irrelevant for protection can be pre-defined, while 
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objects that intrude the optical curtain at said irrelevant regions are ignored 

and do not cause any activation of the warning or protection system. 

Other objects and advantages of the invention will become apparent as the 

description proceeds. 

Summary of the Invention 

The present invention relates to an optical system for the detection of a flying 

or moving object approaching a target, which comprises^ (a) one or more 

transmitter-receiver sets positioned at an external surface of a wall of said 

target, each of said transmitter-receiver sets comprising: (a.l) a light 

transmitter for creating a fan-like planar or curved optical curtain in front of 

said wall of the target; (a.2) a receiver which comprises a two-dimensional 

focal plane array, said focal plane array being spaced apart from said 

transmitter and being positioned at a plane not parallel to said optical curtain 

such that a field of view of said focal plane array covers at least a portion of 

the entire area of said optical curtain; and (b) one or more processing units for 

determining at least a location of intrusion of said flying object to within said 

optical curtain by means of determining pixels within said focal plane array 

that are affected by reflections or scatter due to said intrusion of said flying 

object. 

Preferably, a size of the target protected area is commensurate with the 

curtain area which is covered by said focal plane array field of view. 

Preferably, each of said processing units is positioned within transmitter-

receiver set respectively. 

Preferably, one or several of said processing units are positioned external to 

said transmitter-receiver sets. 
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Preferably, the shape of said curtain coverage area is designated at the 

receiver by means of selecting active and inactive pixels within said focal 

plane array. 

Preferably, one or more transmitter-receiver sets are provided along said 

target wall, each of said sets producing two optical curtains, one in front of 

the other, and wherein one or more receivers within said set cover 

respectively said two curtains, and wherein said one or more processing units 

determine a velocity and trajectory of said intruding object by means of 

processing two intrusion locations within said two optical curtains 

respectively, and the elapsed times between said two intrusions. 

Preferably, the transmitter operates in a continuous wave manner. 

Preferably, the transmitter operates in pulsed manner. 

Preferably, said transmitter operates in an alternating OFF'ON manner, and 

wherein said receiver accumulates light during R-determination periods and 

I-determination periods respectively, and wherein the effects of back scatter 

due to solar or any other external source of radiation are eliminated by 

subtracting from a signal accumulated during an I-determination period a 

respective signal which was accumulated during a previous R-determination 

period. 

Preferably, each of said I-determination periods and said R-determination 

periods are of equal time. 

Preferably, each of said I-determination periods and said R-determination 

periods are of unequal time. 
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Preferably, the pulse duration and the pulse repetition rate are selected based 

on the expected rate of changes in a background clutter, and based on the 

expected possible velocities of said flying object. 

Preferably, said one or more transmitters are laser transmitters in a specific 

laser spectrum, and said one or more receivers are sensitive to light in said 

laser spectrum. 

Preferably, said fan-like optical curtain is a planar or curved continuous fan, 

and its illumination allows sensing an approach of said expected flying object, 

considering its expected dimensions. 

Preferably, said fan-like optical curtain is a fan which is composed of discrete 

rays that are spatially dense enough to sense an approach of said expected 

flying object, considering its expected dimensions. 

Preferably, the size and orientation of the intruding object are measured 

according to the response of the respective pixels illuminated by reflected or 

scattered radiation from the intruding object. 

Brief Description of the Drawings 

In the Drawings^ 

Fig. 1 shows a detection set which is used for warning or protection of a 

structure or a platform, according to an embodiment of the invention; 

Fig. 2 shows a sectional view along the optical axis of the receiver's field-

of-view of Fig. 1, with an additional enlarged view of the receiver's focal 

plane array (FPA), and a representation of the transmitter; 

Fig. 3 shows a typical arrangement of a transmitter-receiver pair at the 

wall of the protected target; 

Fig. 4A shows in schematic form the receiver's focal plane array (FPA); 

Fig. 4B shows the principle of a range identification of an intrusion point; 
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Fig. 4C shows two views of a 3D range identification of an intrusion point; 

Fig. 5A illustrates the manner by which a trajectory and a velocity of an 

intruding object are determined; 

Fig. 5B shows a deployment of several optical curtains around a target 

perimeter; 

Fig. 6 shows a manner by which irrelevant regions are excluded from the 

receiver's field of view, and in fact provides shaping of the curtain; 

Fig. 7 describes in a graphical form how signals resulting from solar 

radiation or back scattering resulting from other light sources are 

subtracted from the receiver's signal; 

Detailed Description of Preferred Embodiments 
Fig. 1 shows a detection set 100 which is used for warning or protection of a 

structure or a platform, according to a first embodiment of the invention. A 

set 110 of a light transmitter and an optical receiver (shown in Fig. 2) is 

provided at one side of wall 111 of the structure or platform. A light 

transmitter which is positioned within a transmitter-receiver set 110 

produces a light curtain 112 (which may be planar, as specifically shown in 

Fig. 1, or curved) in a manner well known in the art. More specifically, the 

laser or light transmitter comprises a single laser or light source, together 

with a beam shaping element (for example, a cylindrical lens) for producing 

said planar or curved optical curtain 112. The planar light curtain can 

alternatively be created by any other optical system, for example by using 

several light sources adjacent to each other and focused to a certain distance, 

and creating the planar or curved surface by using the natural light 

divergence of these sources. Preferably (but not necessarily), the optical 

curtain is "positioned" to be in a plane substantially parallel to wall 111. 

Fig. 2 generally illustrates the relation between the optical curtain 112, and 

the field of view of the receiver. The receiver 130 of the transmitter-receiver 

set 110 comprises a two dimensional focal plane array 131 (hereinafter: FPA), 

which is sensitive to light in the same light spectrum of the transmitter 120. 
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A lens 132 is located in front of the focal plane array, to provide the focal 

plane array 131 a field of view 135 which covers at least a portion (between 

points 138a and 138b) of the entire area of the optical curtain 112. Two 

important characteristics are associated with the mutual layout of the 

elements of the transmitter-receiver pair 110: (a) The focal plane array is 

positioned at a location which is somewhat spaced apart from the plane of the 

optical curtain 112; and (b) The optical axis of the focal plane array 131 and 

the plane of the optical curtain 112 are not parallel. The combination of said 

characteristics (a) and (b) in fact forms a parallax between the field of view of 

the two dimensional array 131 and the optical screen 112. An important 

consequence of the parallax is that the region in space, in which the reflected 

or scattered radiation from the intruding object will produce a signal in the 

receiver, is limited to the intersection zone of the optical curtain 112 and the 

receiver field-of-view 135. 

Fig. 3 generally illustrates a typical arrangement of detection set 100 of the 

invention, as applied to a structure or a platform 50. The transmitter-receiver 

set 110 is affixed to a proximal end of support 105, which is in turn attached 

at its distal end to the roof of structure or platform 50. The planar or curved 

light curtain 112 is produced by light transmitter 120. The beam width in 

cross section of the curtain should be thinner than a single instantaneous 

field-of-view (hereinafter IFOV) of the optical receiver 130. The field of view 

135 of the two dimensional focal plane array 131 (not shown in Fig. 3) of 

receiver 130 is selected such that the intersection between the optical curtain 

and said field of view produces at least a partial overlap. Said overlapping 

section 136 between the field of view of the focal plane array and the optical 

curtain in fact produces an effective area of curtain 112. The reception by said 

focal plane array of a view of said effective area becomes possible due to said 

two "parallax" characteristics: (a) The focal plane array is positioned 

somewhat spaced apart from the plane of the optical curtain 112; and (b) The 

optical axis of the focal plane array 131 and the plane of the optical curtain 
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112 are not parallel. As mentioned, the field of view of the focal plane array is 

selected such that it overlaps at least partially with said optical curtain. More 

specifically, said overlap should preferably include the optical curtain area 

which fully "covers" (i.e., protects) the important or sensitive area 53 of the 

entire wall 111 of the structure or platform, while not "covering" the space 

above the roof 51, or optionally below the plane 52 (assuming the regions 

above roof 51 and below plane 52 should not be protected). In one 

embodiment, the width of the field of view of each pixel of the focal plane 

array shall be at least larger than the thickness of the light curtain. 

It should be noted that, while the optical curtain in Fig. 3 is pointing 

generally downwards, this need not always be the case. If the intruding object 

is expected to approach from a different direction, the optical curtain may be 

arranged such that it points, for example, upwards or sidewise, as the need 

may be. 

Fig. 4A illustrates the general structure of a focal plane array, having M rows 

and N elements in each row, i.e., MxN elements 139. 

Fig. 4B is similar to Fig. 3, however, it shows the effect of inclusion of M rows 

within the focal plane array 131. In this specific case, the effective length (136 

in Fig. 3) of the curtain area is divided respectively to M distinct ranges! each 

of said ranges is covered bj^ a respective row of the focal plane array 131. As 

shown in Fig. 4C, in view of the expansion of the intersection area between 

the field of view of the focal plane array and the optical curtain, as the range 

from the receiver increases, the sizes of the various portions of the curtain 

that are covered by each row respectively are not the same. More specifically, 

row 1 covers a smallest curtain area, while row M covers the largest curtain 

area. As shown in the top view at the right-hand side of Fig. 4C, the width of 

the optical curtain (i.e., the angular coverage of the fan-shaped curtain) is 

divided into N (equal or unequal) angular sectors, each corresponding to one 
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column of detectors from the N columns of detector elements of the focal plane 

array 131. Therefore, in fact each portion within the effective curtain area is 

"assigned" with a specific element (i.e., pixel) of the focal plane array, 

although the portion size of the effective curtain which is assigned 

respectively to each of the elements within the focal plane array is not the 

same (the respective portion size increases as the distance from the FPA 

element to the respective intersection point with the curtain increases). In 

such a manner, an intrusion of object 634 into the optical curtain will only 

affect specific pixels of the focal plane array 131, and knowledge of the 

affected pixels in fact can lead to the exact knowledge of the location of 

intrusion. 

As shown, when an object intrudes the optical curtain at a specific location, a 

scatter or reflection occurs, which in turn arrives and affects respectively one 

or more pixels of the FPA. Knowledge of the affected pixel (or pixels) can 

easily lead to the exact location of intrusion. The number of pixels responding 

to radiation reflected or scattered from the intruding object gives an estimate 

of its size and orientation within the receiver's field-of-view. The more pixels 

there are in the focal plane array, the better the resolution of the object's size 

and orientation. 

The system of the invention may operate in its basic form with a light 

transmitter operating in a continuous wave mode. More specifically, in its 

basic form the system of the invention can detect the coordinates of the object 

penetration within the screen. However, and particularly in order to 

eliminate the adverse effect of the sunlight on the reliability of detection, 

operation in a pulse mode is much preferable. Furthermore, while operating 

in its basic form, the invention does not require synchronization between the 

transmitter and the receiver. On the other hand, when operating in a pulse 

mode of operation which enables elimination of the adverse effects of the sun 

radiation, synchronization is typically required. 
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When the light transmitter 120 operates in a pulse mode, consideration 

should be given to the light pulse duration and to the light pulse repetition. 

More specifically, the pulse duration and the pulse repetition should be 

selected based on the expected rate of changes in the background clutter. As 

will be further elaborated hereinafter, the system must distinguish between 

reflections that result from the movement of the intruding object and 

reflections that result from the pseudo "movement" of other objects that are 

substantially stationary such as stones on the ground, bushes and natural 

plants, etc. that may be seen as moving objects when the platform is moving. 

Furthermore, the system must cancel the effects of backscatter, i.e., 

reflections from particles in the air (dust, water particles, etc.). Therefore, in 

order to distinguish between those two types of objects (intrusion of a real 

object vs. effects due to backscatter and "background" objects), the system of 

the invention prefers operation with shorter-duration pulses, and higher 

repetition rate. 

In still another embodiment of the invention, the system may comprise two or 

more optical curtains, rather than one. Fig. 5A shows a top view of the 

structure or platform wall 111, which is provided with a set 210 of two light 

transmitters and one optical receiver (although this embodiment shows, for 

the sake of brevity, a common (single) receiver for receiving reflections or 

scatter from two curtains, in some embodiments two receivers may be used, 

each receiver individually handling each curtain respectively). The two light 

transmitters form two optical curtains 212a and 212b respectively as shown. 

When an object 275 intrudes the first curtain 212b, a scatter or reflection 

from said first curtain occurs and is received by the receiver (within set 210), 

and a first point of intrusion 276b is determined (two dimensions coordinates 

within the curtain, and in fact three dimensions coordinates in space, as the 

curtain coordinates, which is stationary relative to the structure, are known). 

Later on, when the same object protrudes the second curtain 212a, a second 
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point of intrusion 276a is determined in a similar manner. The accurate 

knowledge of the coordinates of said two points of intrusion respectively, and 

the respective times of intrusions at each curtain, enables calculation of the 

object's trajectory, and its velocity. It should be noted again, that the point of 

intrusion within the curtain is determined based on the specific one or more 

pixels of the receiver's focal plane array that sense the object reflections. 

While Fig. 5A shows a detection set with two optical curtains which is applied 

to protect a single wall of the structure or platform, similar detection sets may 

be provided to additional walls of the structure or platform, thereby to provide 

a full peripheral protection. 

Fig. 5B shows still another alternative to the embodiment of Fig. 5A. In this 

case, the structure or platform 311 is protected by 6 detection sets (sets 310a, 

310b, 311a, 311b, 317a and 317b) two detection sets for each wall of the 

structure or platform 311. In this case, each detection set (for example, sets 

310a and 310b) independently protects the respective wall as before, while 

each set operating a pair of optical curtains respectively (for example, curtain 

pairs 312a-312b or 314a-314b respectively). Still, a central processing unit 

may process data from two separate detection sets, in order to provide a 

better detection and improved accuracy. Furthermore, some overlapping 

areas (such as area 352) may be provided between several curtains in order to 

improve the collection of data and to improve accuracy (in this specific case 

the overlapping area 352 indicates overlap between curtains 314b and 312a, 

both covering (at least partially) the same area. In such a manner, the 

accuracy of detection is improved in the overlapping area, as two curtains 

cover substantially a same area, while two respective receivers detect 

reflections (due to object intrusion) from two opposite directions respectively. 



- 14-

It should be noted that each (or some) of the protected walls may include more 

than two detection sets, in any desired spacing within the wall, in order to 

increase the overlapping areas and enhance the overall system performance. 

As previously discussed with respect to Fig. 3, an effective curtain area 136 is 

created based on the area of overlap between the optical curtain 112 and the 

field of view 135 of the receiver 130. This effective curtain area has a given 

shape which entirely depends on overlap between said curtain and said field 

of view. In some cases, however, a more complex shape of the effective optical 

curtain is desired. Fig. 6 illustrates a manner by which a complex effective 

shape of the optical curtain can be created. This is done by simply defining 

pixels within the FPA as irrelevant (i.e., pixels that should be ignored). Such 

a definition of said irrelevant pixels is in fact equivalent to a provision of a 

shaped optical curtain. For example, pixels within the areas 466a, 466b and 

466c of FPA 131 are defined as irrelevant, while the rest of the pixels 467 of 

the FPA area are defined as relevant. In such a manner, the effective area of 

the optical curtain is in fact shaped based on the shape of the relevant area 

467, as defined within the FPA. The same idea can be further extended into 

the definition of several regions of interest on the same FPA, each with a 

different shape according to a pre-defined geometry. 

The optical curtain of the present invention, as discussed so far, and shown, 

for example in Fig. 1, is a fan-like, planar or curved, substantially continuous 

fan, whose illumination allows sensing an approach of an expected flying 

object, considering the object's expected dimensions. However, this form of the 

optical curtain has been given herein only as an example. In still another 

embodiment, the optical curtain may have a fan-like shape, while being 

composed of discrete rays that are spatially dense enough to sense an 

approach of an expected flying object, considering its expected dimensions. 
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As noted above, the system of the invention should distinguish between 

reflections from "background" objects (such as stones, bushes, plants, etc.) and 

reflections from "real" objects, i.e., flying objects that intrude the curtain and 

may endanger the platform. Said reflections from background objects may 

occur as a result of illuminations by the one or more of light transmitters, or 

as a result of reflections as a result of the solar radiation. Moreover, said 

background objects may be seen by the receiver as moving objects, due to the 

movement of the platform (assuming that the system is installed on a moving 

platform). If not treated appropriately, reflections from said natural objects 

may be wrongly interpreted by the receiver (and the processing unit) as 

resulting from "real" objects. As noted above, the invention determines, 

among others, the velocity of progression of the object, by comparing times of 

intersections of the object with two curtains respectively. The typical velocity 

of a "real" intruding object is generally significantly higher than the "velocity" 

of said natural objects (i.e., the relative velocity between the natural object 

and the moving platform). Therefore, when a velocity of an intruding object 

(whether "natural" or "real" object) is determined, the level of the velocity b}' 

itself can provide distinction with respect to its nature (i.e., whether the 

intruding object is "natural" or "real"). As said above, to apply this distinction 

the use of shorter pulses with relatively high repetition rate is preferable. 

Another type of disturbance to the system lies in clutter within the medium of 

transmission, i.e., in the air at which the curtain is produced. In order to 

improve the reliability of the system, the elimination of the effect of 

reflections and scatter from clutter (such as, dust, water particles, etc.) within 

the medium of transmission is preferable. Said clutter reflections may result 

either from the illuminations from the one or more transmitters, or from the 

solar radiation. These clutter reflections are in fact "noise", which should be 

ignored. A solution to said problem, as provided by the system of the 

invention, is elaborated herein below. 
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As noted above, the focal plane array periodically captures "frames" from the 

optical curtain. With reference to Fig. 7, graph 701 shows a manner by which 

the focal plane array (FPA) 131 operates. More specifically, plurality 

capacitive elements within the FPA (one capacitive element for each pixel, 

i.e., MxN capacitive elements) accumulate respectively charge during each 

frame period K, K+l, K+2..., etc. Although this exemplary discussion relates 

to a FPA with capacitive elements, other types of FPAs that do not include 

capacitive elements may be used instead. Transmitter illumination is 

provided during alternate times, i.e., during even frames of K, K+2, K+4, etc. 

as shown in graph 702, and in fact during said even periods both transmitter 

illumination and solar radiation are provided. During odd periods, i.e., during 

frames K+l, K+3, K+5..., etc., only solar (or background) radiation exists, as 

no transmitter illumination is provided. At the end of each frame period, and 

during a short emptying period 610, each of the capacitive elements is 

discharged, and a new frame period begins in a manner well known in the art. 

Following each discharge of the capacitive elements, the respective amount of 

charge in each pixel is determined respectively during a determination period. 

In fact, two types of determination periods exist, a first determination period 

which follows a transmitter illumination + solar radiation period, and a 

second determination period which follows solar radiation only, without 

transmitter illumination. The "solar radiation" is referred in Fig. 7 also as 

"background radiation". 

Graph 702 shows the periods 601 in which transmitter illumination + solar 

radiation exist, each period 601 is followed by a period which will be 

hereinafter referred to as an I-determination period 615, i.e., a determination 

period in which the level of the accumulated charge due to transmitter 

illumination + solar radiation in each pixel of the FPA is respectively 

determined. Graph 702 also shows the periods 615 in which only solar 

radiation exists, each period 615 is followed by an R-determination period 



- 17-

601, i.e., a determination period in which the level of the charge due to sun 

radiation only in each pixel of the FPA is respectively determined. 

Graph 703 shows the level of charge, as determined within the receiver in 

each period. More specifically, during each R-determination period 602, the 

level of charge (l) as accumulated during previous frames of solar radiation 

only is determined. Assuming that there was no "real" object penetration 

during said periods 602, this charge in fact results from the illumination 

effect on the backscatter (dust, water particles, etc. in the air) and 

background reflections of solar radiation. The level of charge (2) which is 

accumulated during I-determination period 603, in fact reflects charge 

accumulation due to the transmitter illumination + the background 

reflections and backscatter effect in view of the solar radiation as occurred 

during previous period. It can be seen that this level (2) is clearly higher 

compared to level (l) of the R-determination periods 602, as the reflection due 

to the background and backscatter is resulted from two types of illuminations, 

rather than due to the sun radiation alone. 

The level of charge (3) which is accumulated during the I-determination 

period 604 reflects charge accumulation due to the transmitter illumination + 

due to the solar radiation as occurred during the previous period 602. It can 

be seen that this level (3) during period 604 is higher compared to levels (l) of 

the R-determination periods 602 and levels (2) of the I-determination period 

603, as the level (3) results from background reflections due to both the solar 

radiation and the transmitter illumination, plus scatter and reflections due to 

penetration of an object into the optical curtain. It can be seen that the 

penetration of the object affects only a portion of the FPA pixels. More 

specifically, the I-determination signal in period 604 has two separate levels, 

as follows^ (a) a level (2) during a part of the time similar to the I-

determination signal 603 (resulting from the sun radiation + background 

reflections and backscatter due to the transmitter illumination), and level (3) 
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resulting from the solar radiation+ background reflections and backscatter 

due to the transmitter illumination + reflection from the intruding object 

which occurred during the previous period K+2 (shown in Graph 701). 

With reference to graph 704, and in order to eliminate the effect of the solar 

radiation, the present invention subtracts from each I-determination signal 

the previous R-determination signal. For example, signal 605 reflects 

subtraction of the R-determination signal 602 from the I-determination signal 

603. Signal 606 in turn reflects subtraction of the R-determination signal 602 

from the I-determination signal 604. It can be seen the resulting signal 606 in 

fact eliminates entirely the effects of solar radiation on the combined I-

radiation signal. Moreover, the effect of the backscatter due to the transmitter 

illumination alone can also be eliminated from the signal by further 

subtracting the signal 605 from the result signal 606, leaving a signal which 

reflects the effect of the object intrusion alone. 

As shown, in such a manner of subtracting R-determination signals from I-

determination signals the effects of solar radiation can be eliminated. 

Furthermore, the fact that the R-determination signal occurs a very short 

period before the I-determination from which it is subtracted insures the 

reliability of the procedure, as in both signals the effect of solar radiation is 

substantially the same (given sufficiently fast pulse repetition rate of the 

transmitter). 

While some embodiments of the invention have been described by way of 

illustration, it will be apparent that the invention can be carried into practice 

with many modifications, variations and adaptations, and with the use of 

numerous equivalent or alternative solutions that are within the scope of 

persons skilled in the art, without departing from the spirit of the invention 

or exceeding the scope of the claims. 








