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(57) ABSTRACT 

A system for the detection and determination of the success 
of interception of incoming missiles, used in conjunction 
With a defense Weapon system capable of identifying and 
tracking incoming missiles and interceptors. The system 
comprises at least one of a plurality of sensing units. Each 
sensing unit comprises: an optical sensor for detecting 
optical signals Within a predetermined range; tracking means 
coupled to the optical sensor for tracking an intercepting 
missile or an incoming missile; processing means for pro 
cessing optical input detected by the optical sensor and 
analyzing the optical input to identify an optical signature 
and determine detonation of interceptor or incoming missile; 
communicating means for communicating data betWeen the 
sensing unit and the defense Weapon system; and control 
means for controlling the tracking means, the processing 
means and the communicating data. 



Patent Application Publication Mar. 25, 2004 Sheet 1 0f 2 US 2004/0056792 A1 

o 

’ o \f“ 
O Q 3 53 
0 Q \ 

\,, 

iii Q11 [J l6 
0 

O 

F‘; m N 

(\l V 

m .' 

@ 
u_ 

5% 
f < N LO 
0 Ln ( 
LO 

Q] 
LO 



Patent Application Publication Mar. 25, 2004 Sheet 2 0f 2 

54 

I Actuation Commands 
OPeFatmg Parameters Control 

Unlt 

Data 
Operator v'deo 
Commands Dlagnostics 

V Results 

Dlaqnostxcs L 
Data f $ 

Communication ' I 

Unit w 
Setup ' I V a I 

Commands $ 7 

US 2004/0056792 A1 

55 

I 

Sensor 
U nit 

V1deo 
and Status 

7 Processing 

Data 

Unn': 

I 

Target 
Data 

Operator 
Video Commands 

Diagnostics 
Results I O 

55 \ 

Communication 0596mm!” 
Umt and Dlsplay 

Console 

Flo). 2 



US 2004/0056792 A1 

METHOD AND SYSTEM FOR DETECTING AND 
DETERMINING SUCCESSFUL INTERCEPTION OF 

MISSILES 

FIELD OF THE INVENTION 

[0001] The present invention relates to defense systems. 
More particularly it relates to device and method for kill 
assessment of intercepted missiles. 

BACKGROUND OF THE INVENTION 

[0002] Defense systems against surface-to-surface (SS) 
missiles are designed to destroy or incapacitate the Warhead 
of an incoming SS missile. Most defense systems achieve 
this task by means of launching a kill vehicle (hereinafter 
referred to as “interceptor”) to intercept the incoming SS 
missile. The Warhead kill in this case, is achieved by a direct 
impact of the interceptor With the incoming SS missile or by 
detonating a Warhead ?tted into the interceptor at the time of 
interception. Other defense systems may employ directed 
energy to destroy an incoming missile Warhead. A Warhead 
kill is determined according to its contents. SS missiles 
Warheads are commonly classi?ed into four main categories: 
high explosive, chemical, biological and nuclear. AWarhead 
kill for a high explosive or a nuclear missile, Which also 
contains a signi?cant amount of high explosive, is de?ned as 
a detonation of the high explosive of the SS missile Warhead 
Within a short time (typically less than a second) after 
interception. A Warhead kill for a chemical or biological 
missile, Which contains some form of liquid or gas, is 
de?ned as the breakdoWn of the Warhead structure and 
dispersion of its contents Within a short time (up to a feW 
seconds) after interception. Due to the high cost and limited 
availability of interceptors or energy sources, especially 
under massive attack scenarios, it is imperatively crucial to 
determine the result of the interception as soon as possible 
(Within a feW seconds), in order to decide Whether it is 
necessary to launch another interceptor or direct another 
shot at the same targeted SS missile. Furthermore, any 
information as to the type of incoming Warhead is of great 
importance for civil defense and intelligence purposes. 

[0003] Current defense systems suffer from operational 
problems because of their inability to provide a reliable 
Warhead kill assessment. Current kill assessment methods 
are based on the folloWing tWo approaches: 

[0004] a) One kill assessment method is an automatic 
computeriZed evaluation of kill probability, based on the 
interceptor performance envelope, and according to pre 
interception radar data. This criteria suffers from severe 
limitations because of the folloWing reasons: 

[0005] 1) Warhead kill probability is highly sensitive to 
the very last stage of interception commonly referred to as 
the “End game”. The important parameters of the end game 
are beyond the observation capabilities of the defense sys 
tem radar. Therefore, this highly important interception data 
can not be considered during real time kill assessment 
calculations. 

[0006] 2) The performance envelope is statistically con 
structed for a ?nite set of interception scenarios conceived 
by the manufacturer, and varies for different target types. A 
single operational interception event does not necessarily 
folloW any of these scenarios. (as Was evident during the 
gulf War in 1991, When attempts Were made to intercept scud 
missiles by patriot missiles) 
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[0007] 3) There is no certainty that defense system can 
reliably classify, in real time, the type of the attacking SS 
missile. Wrong target type classi?cation Will lead to Wrong 
selection of performance envelope for evaluation. 

[0008] 4) Since the characteristics of the incoming SS 
missile, Which constitute the basis for the performance 
envelope calculations are based, mainly, on intelligence 
sources, there is no certainty that they are indeed accurate 
and reliable. 

[0009] b) The second kill assessment method is based on 
operator observation of the target radar track behavior 
immediately folloWing the interception. The purpose of this 
observation is to identify Whether the target has disappeared 
or there has been a noticeable change in its trajectory or 
velocity in a Way that can be reliably interpreted as a 
successful Warhead kill. This second criteria suffers from 
even greater limitations than the ?rst as Was evident during 
the gulf War of 1991. 

[0010] 1) During the Gulf War scud missiles disintegrated 
during reentry into the atmosphere around the Zone Where 
most of the interceptions took place. As a result, not only 
that the targets did not disappear from the radar, actually 
they turned into a cluster of targets formed from the debris 
of the disintegrated missile. This cluster of targets continued 
its descent in a trajectory almost identical to the trajectory of 
the missile prior to its disintegration for a considerable 
amount of time. Identifying the Warhead among these clus 
ters is practically impossible making effective Warhead kill 
assessment practically impossible 

[0011] This problem is not restricted to Gulf War scud 
missiles, but is highly relevant for normal interceptions 
Where the incoming missile Will probably disintegrate as a 
result of being hit by the interceptor. In such a case it Would 
be practically impossible to determine in a high degree of 
reliability Whether the Warhead Was successfully destroyed 
or the SS missile merely disintegrated, leaving a live War 
head to descent in its trajectory toWards a ground target. 

[0012] 2) Another limitation stems from the fact that 
operator’s decisions are subjective, their quality substan 
tially in?uenced by the operator’s experience and skill in 
determining successful kills. This limitation is enhanced by 
the fact that there is very limited ability to reliably predict 
the behavior of an SS missile or its debris after interception 
under various scenarios. Thus it is extremely dif?cult if not 
entirely impossible to provide computer simulation for train 
ing radar operators in such scenarios. 

[0013] There is therefore a need to provide a reliable 
system and method for real time Warhead kill assessment for 
SS missiles. 

BRIEF DESCRIPTION OF THE INVENTION 

[0014] An aim of the present invention is to provide a 
reliable system and method for detecting and determining 
successful interception of missiles. 

[0015] It is therefore thus provided, in accordance With a 
preferred embodiment of the present invention, a system for 
the detection and determination of the success of intercep 
tion of incoming missiles, used in conjunction With a 
defense Weapon system capable of identifying and tracking 
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incoming missiles and interceptors, the system comprising 
at least one of a plurality of sensing units, each unit 
comprising: 

[0016] an optical sensor for detecting optical signals 
Within a predetermined range; 

[0017] tracking means coupled to the optical sensor 
for tracking an intercepting missile or an incoming 
missile; 

[0018] processing means for processing optical input 
detected by the optical sensor and analyZing the 
optical input to identify an optical signature and 
determine detonation of interceptor or incoming mis 
sile; 

[0019] communicating means for communicating 
data betWeen the sensing unit and the defense 
Weapon system; 

[0020] control means for controlling the tracking 
means, the processing means and the communicating 
data. 

[0021] Furthermore, in accordance With a preferred 
embodiment of the present invention, the tracking means 
uses location, speed, angular or range data obtained from the 
defense Weapon system for tracking. 

[0022] Furthermore, in accordance With a preferred 
embodiment of the present invention, the optical sensor is 
capable of detecting intensity of the optical signature and the 
processing means determines detonation based on the inten 
sity of the optical signature. 

[0023] Furthermore, in accordance With a preferred 
embodiment of the present invention, the processing means 
further includes a database of spectral signatures of various 
substances that may be contained in a Warhead for compari 
son With the detected optical signature. 

[0024] Furthermore, in accordance With a preferred 
embodiment of the present invention, the system includes a 
number of sensing units at least as many interceptors the 
defense Weapon system handles. 

[0025] Furthermore, in accordance With a preferred 
embodiment of the present invention, the optical sensor is a 
CCD camera. 

[0026] Furthermore, in accordance With a preferred 
embodiment of the present invention, the optical sensor is a 
forWard looking infrared (FLIR) camera. 

[0027] Furthermore, in accordance With a preferred 
embodiment of the present invention, the optical sensor is a 
radiometer. 

[0028] Furthermore, in accordance With a preferred 
embodiment of the present invention, the radiometer is a 
spectrometer radiometer. 

[0029] Furthermore, in accordance With a preferred 
embodiment of the present invention, the radiometer is a 
radiometer operational in a variety of spectral ranges. 

[0030] Furthermore, in accordance With a preferred 
embodiment of the present invention, the system is airborne. 

[0031] Furthermore, in accordance With a preferred 
embodiment of the present invention, the system is located 
in space. 
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[0032] Furthermore, in accordance With a preferred 
embodiment of the present invention, the system is located 
at sea. 

[0033] Furthermore, in accordance With a preferred 
embodiment of the present invention, the system is located 
on ground. 

[0034] Furthermore, in accordance With a preferred 
embodiment of the present invention, there is provided a 
method for the detection and determination of the success of 
interception of incoming missiles, used in conjunction With 
a defense Weapon system capable of identifying and tracking 
incoming missiles and interceptors, the method comprising: 

[0035] providing at least one of a plurality of sensing 
units, each unit comprising: 

[0036] an optical sensor capable of detecting optical 
signals Within a predetermined range; 

[0037] tracking means coupled to the optical sensor 
capable of tracking an intercepting missile or an 
incoming missile; 

[0038] processing means for processing optical input 
detected by the optical sensor and analyZing the 
optical input to identify an optical signature and 
determine detonation of interceptor or incoming mis 
sile; 

[0039] communicating means for communicating 
data betWeen the sensing unit and the defense 
Weapon system; 

[0040] control means for controlling the tracking 
means, the processing means and the communicating 
data; 

[0041] tracking an interceptor or an incoming mis 
sile; identifying optical signature of a suspected 
interception event; 

[0042] determining the occurrence of a successful 
interception in the existence of a prede?ned set of 
criteria. 

[0043] Furthermore, in accordance With a preferred 
embodiment of the present invention, tracking the intercep 
tor or incoming missile is carried out using video data 
obtained from the optical sensor. 

[0044] Furthermore, in accordance With a preferred 
embodiment of the present invention, tracking the intercep 
tor or incoming missile is carried out using location, speed, 
angular or range data obtained from the defense Weapon 
system. 

[0045] Furthermore, in accordance With a preferred 
embodiment of the present invention, the optical signature 
of the suspected interception event is compared With optical 
signatures stored in a database containing optical signatures 
of various substances. 

[0046] Furthermore, in accordance With a preferred 
embodiment of the present invention, the time lapsed 
betWeen tWo closely occurring in time optical signatures is 
measured to determine the separate detonation of the inter 
ceptor and the incoming missile. 

[0047] Furthermore, in accordance With a preferred 
embodiment of the present invention, the prede?ned set of 
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criteria include an analysis in terms of time and amplitude of 
optical signatures that are sensed and detected, Where the 
detonation of the interceptor Warhead alone is detected as a 
single optical signature, Whereas the incoming missile’s 
Warhead detonation is re?ected as a second optical signature, 
in a time interval be?tting to the distance betWeen the 
interceptor and the incoming missile upon activation of the 
interceptor Warhead, ?ight time of the Warhead fragments, 
and the detonation process of the incoming missile. 

[0048] Finally, in accordance With a preferred embodi 
ment of the present invention, the prede?ned set of criteria 
include determination of a successful interception by detect 
ing a single optical signature immediately folloWing inter 
ception, having the intensity or spectral characteristics typi 
cal to a Warhead detonation. 

BRIEF DESCRIPTION OF THE FIGURES 

[0049] In order to better understand the present invention, 
and appreciate its practical applications, the folloWing Fig 
ures are provided and referenced hereafter. It should be 
noted that the Figures are given as examples only and in no 
Way limit the scope of the invention as de?ned in the 
appending claims. Like components are denoted by like 
reference numerals. 

[0050] FIG. 1 illustrates a general vieW of the elements in 
a system for detecting and determining a successful inter 
ception of missiles in accordance With a preferred embodi 
ment of the present invention. 

[0051] FIG. 2 is a block diagram illustrating typical 
components of a system for detecting and determining a 
successful interception of missiles in accordance With a 
preferred embodiment of the present invention, and their 
interrelation. 

DETAILED DESCRIPTION OF THE 
INVENTION AND FIGURES 

[0052] The present invention seeks to provide a system 
and method for detecting and determining a successful 
interception, based on electro-optic sensing of the intercep 
tion event. 

[0053] An aspect of the present invention is the provision 
of an electro-optic sensor Whose line of sight is directed at 
the anticipated interception site in the sky, its direction 
automatically governed by a controller receiving direction 
data from the radar of the interception system and tracking 
the interceptor or incoming missile until the interception 
stage, or by being directed toWard the interceptor launching 
area and tracking the interceptor folloWing its launch. 

[0054] Another aspect of the present invention is the 
provision of a diagnostic process incorporated in the system 
that commences shortly before the interception and ends 
shortly after that interception (preferably in a matter of a feW 
seconds), to determine the success of the interception. 

[0055] Reference is noW made to FIG. 1, illustrating a 
general vieW of the elements in a system for detecting and 
determining a successful interception of missiles in accor 
dance With a preferred embodiment of the present invention. 

[0056] A defense system command unit 10 for controlling 
a defense Weapon system such as a patriot missiles battery 
or ArroW (a product of the Israeli Aviation Industry) missiles 
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battery, or other missile defense Weapon system is provided 
and communicates via communication Wire 14, or via Wire 
less communication With a tracking system 20, such as a 
radar 22, for tracking multiple missile targets. The command 
unit is preferably equipped With a monitor 12 on Which 
video and other information can be displayed. 

[0057] At least one, but preferably a battery of a plurality 
of electro-optic imaging and tracking units 50 are deployed, 
each unit comprising optical sensor 58, capable of tracking 
an object ?ying in the sky by means of a motoriZed tracker 
52, preferably positioned on a pedestal, here tripod 60 or on 
a podium. Motorized tracker 52 is controlled by a control 
unit 54, Which includes, inter alia, radiometer or radiometer 
spectrometer, data processing unit (53 see FIG. 2) and 
communication link (55 in FIG. 2) to the defense system 
command unit 10 or to the tracking unit 20, either by Wires 
16, and/or Wireless communication via antenna 56. The 
control unit also includes a controller for controlling the 
motoriZed tracker and controlling the optical sensor. The 
optical sensor 58 can be an imaging sensor such as a CCD 

camera, or a FLIR (ForWard Looking Infra Red) sensor, such 
as the one marketed under the brand name “?ame” and 
installed in the “Litening” system manufactured by Refael, 
Israel, or a radiometer, operational in a single or a variety of 
spectral ranges, such as the one marketed under the name 
“Orion” by CEDIP (France). The tracking system can be for 
example the tracking system marketed under the brand name 
“Toplite” by Refael, Israel. 

[0058] Typical communication transmitted from the opti 
cal sensor battery to the command unit Would include 
information such as video, and/or diagnostic results, and 
status report, Whereas a typical communication betWeen the 
command unit and the optical sensor battery Would include 
target and/or interceptor location and/or angular position, 
and/or, range, and/or speed data, and operator commands, 
like change mode, spectral, imaging, sound, day/night sta 
tus, on-off and other de?ned commands. 

[0059] A typical diagnostic process has the folloWing 
characteristics: 

[0060] 1. For an interceptor ?tted With a Warhead—De 
termination of the interceptor’s Warhead detonation is 
achieved by detecting and identifying a distinct optical 
and/or thermal signature, typical of a high explosive deto 
nation in terms of intensity and/or spectral content (note that 
thermal signature is a form of an optical signature, picked up 
by IR optical sensors), such as by comparing it With the 
knoWn signatures of that type of Warhead (data that may be 
provided by the manufacturer or obtained by conducting 
appropriate tests on the interceptor’s Warhead). For an 
interceptor Without a Warhead this step does not apply. 

[0061] 2. For an incoming missile ?tted With a high 
explosive or nuclear Warhead—Determination of the deto 
nation of the incoming missile’s Warhead 40—by detecting 
and identifying an optical and/or thermal signature typical of 
a high explosive detonation in terms of intensity and/or 
spectral content, shortly after the intercept or directed energy 
shot. 

[0062] 3. For an incoming missile ?tted With a chemical or 
biological Warhead Detection and/or identi?cation of a cloud 
of spray or aerosol or gas of chemical substances, biological 
substances or nuclear substances that spread as a result of the 
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destruction of the Warhead, by means of a spectral analysis 
(distinct emission or absorption spectral lines depending on 
the composition of the substance). 

[0063] The process should preferably produce a decision 
Whether the interception Was successful or failed, or provide 
the probability that a Warhead kill occurred. It is suggested 
that the criteria for determining the success an interception 
include: 

[0064] 1. Analysis in terms of time and amplitude—the 
intensity and timing of the light pulses 30, 32, that are sensed 
and detected, Where the detonation of the interceptor War 
head alone (leaving the incoming Warhead intact) Would be 
detected as a single pulse, Whereas the incoming missile’s 
Warhead detonation Would be re?ected as a second pulse, in 
a time interval be?tting to the distance betWeen the inter 
ceptor and the incoming missile upon activation of the 
interceptor Warhead, ?ight time of the Warhead fragments, 
and the detonation process of the incoming missile. In the 
case of a hit-to-kill interceptor or a directed energy Weapon, 
a single light pulse immediately folloWing the interception, 
having the intensity and/or spectral characteristics typical to 
a Warhead detonation Will serve as indication of a successful 

intercept. 
[0065] 2. Analysis in terms of time and Wavelength— 
detecting spectral lines characteristic of a speci?c chemical, 
biological or nuclear substances, or to burning gases of the 
explosives of the incoming missile Warhead (or in the 
absence of veri?ed information, the detection of spectral 
lines that are not associated With the interceptor’s knoWn 
signature. 
[0066] FIG. 2 is a block diagram illustrating typical 
components of a system for detecting and determining a 
successful interception of missiles in accordance With a 
preferred embodiment of the present invention, and their 
interrelation. 

[0067] The number of sensing units should be determined 
according to the number of intercepts that may be handled 
simultaneously, the more sensing units the more targets may 
be monitored. 

[0068] The system of the present invention may be air 
borne, located on the ground, or on a marine vessel at sea. 
It may also be positioned in space. 

[0069] It should be clear that the description of the 
embodiments and attached Figures set forth in this speci? 
cation serves only for a better understanding of the inven 
tion, Without limiting its scope. 

[0070] It should also be clear that a person skilled in the 
art, after reading the present speci?cation could make adjust 
ments or amendments to the attached Figures and above 
described embodiments that Would still be covered by the 
present invention. 

1. A system for the detection and determination of the 
success of interception of incoming missiles, used in con 
junction With a defense Weapon system capable of identi 
fying and tracking incoming missiles and interceptors, the 
system comprising at least one of a plurality of sensing units, 
each unit comprising: 

an optical sensor for detecting optical signals Within a 
predetermined range; 
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tracking means coupled to the optical sensor for tracking 
an intercepting missile or an incoming missile; 

processing means for processing optical input detected by 
the optical sensor and analyZing the optical input to 
identify an optical signature and determine detonation 
of interceptor or incoming missile; 

communicating means for communicating data betWeen 
the sensing unit and the defense Weapon system; 

control means for controlling the tracking means, the 
processing means and the communicating data. 

2. The system as claimed in claim 1, Wherein the tracking 
means uses location, speed, angular or range data obtained 
from the defense Weapon system for tracking. 

3. The system as claimed in claim 1, Wherein the optical 
sensor is capable of detecting intensity of the optical signa 
ture and the processing means determines detonation based 
on the intensity of the optical signature. 

4. The system as claimed in claim 1, Wherein the pro 
cessing means further includes a database of spectral sig 
natures of various substances that may be contained in a 
Warhead for comparison With the detected optical signature. 

5. The system as claimed in claim 1, Wherein the system 
includes a number of sensing units at least as many inter 
ceptors the defense Weapon system handles. 

6. The system as claimed in claim 1, Wherein the optical 
sensor is a CCD camera. 

7. The system as claimed in claim 1, Wherein the optical 
sensor is a forWard looking infrared (FLIR) camera. 

8. The system as claimed in claim 1, Wherein the optical 
sensor is a radiometer. 

9. The system as claimed in claim 8, Wherein the radi 
ometer is a spectrometer radiometer. 

10. The system as claimed in claim 8, Wherein the 
radiometer is a radiometer operational in a variety of spec 
tral ranges. 

11. The system as claimed in claim 1, Wherein the system 
is airborne. 

12. The system as claimed in claim 1, Wherein the system 
is located in space. 

13. The system as claimed in claim 1, Wherein the system 
is located at sea. 

14. The system as claimed in claim 1, Wherein the system 
is located on ground. 

15. A method for the detection and determination of the 
success of interception of incoming missiles, used in con 
junction With a defense Weapon system capable of identi 
fying and tracking incoming missiles and interceptors, the 
method comprising: 

providing at least one of a plurality of sensing units, each 
unit comprising: 

an optical sensor capable of detecting optical signals 
Within a predetermined range; 

tracking means coupled to the optical sensor capable of 
tracking an intercepting missile or an incoming missile; 

processing means for processing optical input detected by 
the optical sensor and analyZing the optical input to 
identify an optical signature and determine detonation 
of interceptor or incoming missile; 

communicating means for communicating data betWeen 
the sensing unit and the defense Weapon system; 
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control means for controlling the tracking means, the 
processing means and the communicating data; 

tracking an interceptor or an incoming missile; identifying 
optical signature of a suspected interception event; 

determining the occurrence of a successful interception in 
the existence of a prede?ned set of criteria. 

16. The method as claimed in claim 15, Wherein tracking 
the interceptor or incoming missile is carried out using video 
data obtained from the optical sensor. 

17. The method as claimed in claim 15, Wherein tracking 
the interceptor or incoming missile is carried out using 
location, speed, angular or range data obtained from the 
defense Weapon system. 

18. The method as claimed in claim 15, Wherein the 
optical signature of the suspected interception event is 
compared With optical signatures stored in a database con 
taining optical signatures of various substances. 

19. The method as claimed in claim 15, Wherein the time 
lapsed betWeen tWo closely occurring in time optical signa 
tures is measured to determine the separate detonation of the 
interceptor and the incoming missile. 

20. The method as claimed in claim 19, Wherein the 
prede?ned set of criteria include an analysis in terms of time 
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and amplitude of optical signatures that are sensed and 
detected, Where the detonation of the interceptor Warhead 
alone is detected as a single optical signature, Whereas the 
incoming missile’s Warhead detonation is re?ected as a 
second optical signature, in a time interval be?tting to the 
distance betWeen the interceptor and the incoming missile 
upon activation of the interceptor Warhead, ?ight time of the 
Warhead fragments, and the detonation process of the 
incoming missile. 

21. The method as claimed in claim 19, Wherein the 
prede?ned set of criteria include determination of a success 
ful interception by detecting a single optical signature imme 
diately folloWing interception, having the intensity or spec 
tral characteristics typical to a Warhead detonation. 

22. The method as claimed in claim 19, Wherein the 
prede?ned set of criteria include an analysis in terms of time 
and Wavelength, detecting spectral lines characteristic of a 
speci?c chemical, biological or nuclear substances, or to 
burning gases of the eXplosives of the incoming missile 
Warhead, or in the absence of veri?ed information, the 
detection of spectral lines that are not associated With the 
interceptor’s knoWn signature. 

* * * * * 


