
POLYPEPTIDES AND POLYNUCLEOTIDES ENCODING SAME AND USE
THEREOF IN THE TREATMENT OF MEDICAL CONDITIONS
ASSOCIATED WITH ISCHEMIA. FIELD AND BACKGROUND OF THE
INVENTION The present invention relates to
polypeptides and polynucleotides encoding same and use
thereof in the treatment of medical conditions
associated with ischemia. Angiogenesis is the budding
of new blood vessels from pre-existing ones. It occurs
in various physiological conditions such as the female
reproductive cycle, as well as pathological conditions
which include tumors, tissue ischemia and wound
healing. Ischemic heart disease is the leading cause
of mortality in many industrialized countries and is
responsible for over 500,000 deaths in the US alone
each year. Current treatment options include drug
therapy, coronary angioplasty and the more invasive
coronary artery bypass grafting (CABG). However, in
all these cases, technical issues including the size
of the artery involved, lack of appropriate distal
vasculature, the complexity of the arterial lesions
that cause the occlusion, and the general clinical
conditions of the patient frequently prevent
revascularization of the ischemic tissues. A less
invasive approach which has recently been developed is
therapeutic angiogenesis. This term refers to the
introduction of proangiogenic factors aimed at
enhancing neovascularization of the ischemic tissue,
thus alleviating the ischemia. Two main methods have
been utilized in the field of therapeutic
angiogenesis; the first is angiogenic gene therapy
either in the form of naked DNA or with viral vehicles
to deliver various cytokines, the most commonly used
being Vascular Endothelial Growth Factor (VEGF) and
Fibroblast Growth Factor (FGF). A more recent method
is cell therapy with fully differentiated cells,
endothelial progenitor cells or mesenchymal stem
cells. Both methods have shown success in animal
models and early phase clinical trials. However, many
obstacles still have to be overcome before therapeutic
angiogenesis becomes a real clinical alternative for
patients suffering from ischemic diseases. For
angiogenic gene therapy, these obstacles include the
need for tissue specificity of transgene expression,
choice of delivery vehicle, optimization of doseand
timing, optimization of route of administration and
the potential of adverse events such as edema and
tumor development. Another limitation to the success
of angiogenic gene therapy is the lack of maturation
of the newly formed vessels and their subsequent
regression, thus preventing a significant long-lasting
therapeutic effect. This may be because the delivered
angiogenic genes are expressed only for a relatively
short period of time which does not allow for vessel
maturation and recruitment of smooth muscle cells to
take place or because multiple angiogenic factors are
required for vessel maturation to occur. A possible
solution is to use an upstream angiogenic regulator
which would activate multiple angiogenic factors
simultaneously, thus more closely resembling
physiological angiogenesis. Such a factor is
hypoxia-inducible factor 1 (HIF-I). Hypoxia Inducible
Factor- 1 (HIF-I) is a transcription factor and a
master regulator of the response to oxygen
deprivation, activating over 40 genes during 



hypoxia. It is a heterodimeric transcription factor
consisting of two subunits; the subunit a is subject
to tight regulation by the level of oxygen and is
induced during hypoxia, whereas subunit b is
constitutively expressed regardless of oxygen tension.
HIF- la contains two transactivation domains (N-TAD
and C-TAD) and an oxygen-dependent degradation domain
(ODDD). The protein von-Hippel-Lindau (VHL) interacts
with the ODDD of HIF- la under normoxic conditions and
acts as part of an E3-ubiquitin ligase complex, thus
sending HIF- la to proteosomal degradation. In
hypoxia, HIF- l adimerizes with HIF- l b and activates
the transcription of its target genes in the nucleus.
Recently, it was shown that the interaction of VHL
with HIF- la is enabled by prolyl hydroxylation of two
specific residues within the HIF- laprotein (Epstein,
A.C. et al..2001, Cell 107, 43-54. Masson, N.,et al.
2001, EmboJ20, 5197-206). Three prolyl hydroxylases
(PHD 1-3) were found to hydroxylate HIF- la during
normoxia. PHD 1 and 2 hydroxylate at residues 402 and
564 whereas PHD 3 hydroxylates at residue 564 only. A
second mechanism of regulation of HIF-I a was
uncovered in 2002 (Lando, D et al , 2002, Science 295,
858-61) and includes the asparaginyl hydroxylation of
HIF- l a at residue 803, effected by an asparaginyl
hydroxylase, also termed Factor Inhibiting HIF-I
(FIH-I). This hydroxylation prevents the interaction
of HIF-I a with the co-factor p300, thus hindering the
transcriptional activity of HIF-I a.Hence, during
normoxia two mechanisms of regulation are responsible
for the decrease in HIF- la activity, one concerning
its stability via prolyl hydroxylations and the other
concerning its transcriptional activation via
asparaginyl hydroxylation. These prolyl and
asparaginyl hydroxylases are all dioxygenases which
are 2- oxoglutarate and iron dependent and their
requirement for cellular oxygen could provide the
basis for their activity as oxygen sensors. Two
specific point mutations at residues 402 and 564 were
demonstrated to abolish the interaction of HIF- la
with VHL, thus rendering HIF- l a constitutively
stable (Masson et al., 2001, Embo J 20, 5197-206). The
resultant mutant HIF- l a was as active as hypoxia
treatment in driving the expression of an
HRE-Luciferase construct. Two mutations at residues
564 and 803 were shown to give HIF-l a full
transcriptional activity, similar to that obtained by
treatment with the hypoxia mimetic iron chelator
2,2'-Dipyridyl (Lando et al., 2002, Science 295,
858-61). Transgenic mice overexpressing a mutant
hHIF-l a in which residues 401 to 602 are deleted,
under the regulation of Keratin 14 promoter showed
increased vascularization in the skin (Elson, D.A. et
al.2001, Genes Dev 15, 2520-32). These mice showed
up-regulation of mRNA of Glut- 1 and VEGF, known
targets of HIF-l a. In comparison with VEGF
overexpressing mice, these mice had blood vessels
which were less leaky and showed greater maturity.
This may be explained by the fact that HIF- la induces
the activation of multiple angiogenic factors (i.e.
erythropoietin), similar to the physiological
angiogenic response, in contrast to VEGF alone. In
addition, HIF-l a induces the activation of many
isoforms of VEGF and other genes, again more closely
resembling the physiological response, which could not
be achieved by the administration of a single isoform.
A constitutively active form of HIF- l a was first
tested in angiogenic gene therapy in 2000 (Vincent,
K.A. et al. 2000, Circulation 102, 2255-61). It
contained 



the DNA binding domain and dimerization domains of
HIF- l a attached to the transactivation domain VP16
of the Herpes Simplex Virus (HSV) under the regulation
of CMV promoter. The resultant mutant was able to
induce HIF target genes in-vitro. When administered
locally as naked DNA it caused increased capillary
density and blood perfusion in a mouse hindlimb
ischemia model. The same construct also showed
therapeutic effect when injected IM in a rat MI model
(Shyu, K.G. et al, 2002, Cardiovasc Res 54, 576-83).An
adenovirus expressing a constitutively active mutant
HIF- la, with a deletion of residues 401-602, under
the regulation of CMV promoter was able to induce
angiogenesis in the non-ischemic tissue of the retina
(Kelly, B.D. et al, 2003 Circ Res 93, 1074-81). The
two constructs mentioned above bear large deletions of
the HIF- la molecule, and lack one or both of the
native HIF-l a transactivation domains (N-TAD and
C-TAD), which may result in reduced activation
potential and specificity of HIFl a. In addition,
HIF-lais expressed in these constructs under the
regulation of CMV, a versatile and non-specific
promoter, which may limit its application due to
nonspecific expression and potential side-effects.
Various routes of administration have been used to
deliver the therapeutic gene to the ischemic region,
including intravascular and intramuscular in the case
of peripheral ischemia, and intramyocardial,
intrapericardial and intracoronary in the case of
myocardial ischemia. The intravenous route confers
advantages which include easy access without the need
for an invasive procedure, technical safety and low
cost as well as accessibility to a large patient
population. However, despite its obvious clinical
appeal, the use of this administration route is
uncommon due to systemic distribution of the vector
leading to low transgene expression in the target
organ along with unwanted expression in non-target
organs resulting in systemic side-effects, which limit
the dose that may be administered. This limitation, in
turn, tends to restrict the efficacy of the treatment.
Unwanted expression of a pro-angiogeneic gene could
induce pathological angiogenesis, possibly leading to
tumor development and retinopathy, and may therefore
be unacceptable. Thus, the ability to direct transgene
expression specifically to the ischemic target organ
is of outmost importance for systemic administration
to be efficacious and safe. There is thus a widely
recognized need for, and it would be highly
advantageous to have pro-angiogenic factors together
with safe and effective methods of delivering same.
SUMMARY OF THE INVENTION According to one aspect of
the present invention there is provided an isolated
polynucleotide comprising a nucleic acid sequence
encoding a polypeptide having anamino acid sequence of
HIF- l a, the polypeptide being stably expressed and
constitutively active. According to further features
in preferred embodiments of the invention described
below, the nucleic acid sequence is as set forth in
SEQ ID NO:1. According to still further features in
the described preferred embodiments the amino acid
sequence is as set forth in SEQ ID NO: 2. According to
still further features in the described preferred
embodiments the amino acid sequence being at least 90
% homologous to SEQ ID NO: 3 and comprising a mutation
at a position corresponding to proline 402 of SEQ ID
NO: 3, a 



mutation at a position corresponding to proline at 564
of SEQ ID NO: 3 and a mutation at a position
corresponding to asparagine 803 of SEQ ID NO: 3.
According to another aspect of the present invention
there is provided an isolated polypeptide comprising
an amino acid sequence encoding a polypeptide having a
HIF-Ia amino acid sequence, the polypeptide being
stably expressed and constitutively active. According
to still further features in the described preferred
embodiments the amino acid sequence is as set forth in
SEQ ID NO: 2. According to still further features in
the described preferred embodiments the amino acid
sequence being at least 90 % homologous to SEQ ID NO:
3 and comprising a mutation at a position
corresponding to proline 402 of SEQ ID NO: 3, a
mutation at a position corresponding to proline at 564
of SEQ ID NO: 3 and a mutation at a position
corresponding to asparagine 803 of SEQ ID NO: 3.
According to another aspect of the present invention
there is provided a nucleic acid construct comprising
the polynucleotide of the present invention. According
to still further features in the described preferred
embodiments the nucleic acid construct further
comprising a cis-regulatory element. According to
still further features in the described preferred
embodiments the cis-regulatory element comprises a
promoter element. According to still further features
in the described preferred embodiments the promoter
element is an endothelial specific promoter element.
According to still further features in the described
preferred embodiments the endothelial specific
promoter element comprises at least one copy of the
PPE-I promoter.According to still further features in
the described preferred embodiments the PPE-I promoter
is as set forth in SEQ ID NO: 4. According to still
further features in the described preferred
embodiments the cis-regulatory element further
comprises a hypoxia response element. According to yet
another aspect of the present invention there is
provided a cell comprising the nucleic acid construct.
According to still another aspect of the present
invention there is provided a pharmaceutical
composition comprising as an active agent the nucleic
acid construct and a pharmaceutically acceptable
carrier. According to an additional aspect of the
present invention there is provided a method of
treating a medical condition associated with hypoxia
or ischemia, reduced tissue perfusion inclusion or
'low flow', the method comprising administering to a
subject in need thereof a therapeutically effective
amount of an agent capable of upregulating the
polypeptide of the present invention in cells of the
subject, thereby treating an angiogenesis-related
disease. According to still further features in the
described preferred embodiments the agent is the
polypeptide. According to still further features in
the described preferred embodiments the agent is the
nucleic acid construct. According to still further
features in the described preferred embodiments the
administering is effected systemically. According to
still further features in the described preferred
embodiments the 



disease or condition associated with ischemia is
selected from the group consisting of wound healing,
ischemic stroke, ischemic heart disease, peripheral
vascular disease, renal artery disease,
gastrointestinal lesions, burns, skin transplantation,
vascular grafts, organ repair, bone reparative
disorders, liver disorders, uterine disorders, ocular
angiogenesis disorders, bone regeneration disorders,
cartilage repair disorders and smooth muscle cell
disorders. The present invention successfully
addresses the shortcomings of the presently known
configurations by providing novel treatments for
medical conditions associated with ischemia. Unless
otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly
understood by one of ordinary skill in the art to
which this invention belongs. Although methods and
materials similar or equivalentto those described
herein can be used in the practice or testing of the
present invention, suitable methods and materials are
described below. AU publications, patent applications,
patents, and other references mentioned herein are
incorporated by reference in their entirety. In case
of conflict, the patent specification, including
definitions, will control. In addition, the materials,
methods, and examples are illustrative only and not
intended to be limiting. BRIEF DESCRIPTION OF THE
DRAWINGS The invention is herein described, by way of
example only, with reference to the accompanying
drawings. With specific 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 the 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 principles 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 understanding 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
drawings: FIGs. IA-E are bar graphs and photographs
illustrating the transcriptional activity of the
triple mutant HIF-l a as compared to the P402A P564G
and P564A N803A double mutants. HRE-mediated
transcription was measured in HEK293 (Figure IA) and
BAEC (Figure IB) following co-transfection of p2.1
HRE-luc with different HIF- la plasmids or pcDNA3
control. Data are expressed as luciferase ratios and
are normalized to b-gal (mean  S.D). *p<0.001 compared
with double mutants. Figure 1C is an RT-PCR analysis
of mRNA isolated from HeLa cells 48 hours
posttransfection with HIF-l a plasmids or pcDNA3
control. Treatment with 2,2'-dipyridyl (2,2'-DP) is
illustrated in Figure ID. HRE-mediated transcription
was measured in VHL-deficient renal cell carcinoma
cells following co-transfection of p2.1 HRE-luc with
different HIF- la plasmids or pcDNA3 control. Data are
expressed as luciferase ratios and are normalized to
b-gal (mean  S.D). *p< 0.001 and +p = 0.003 vs. P402A
P564G mutant. HEK293 cells were co-transfected with
p2.1 HRE-luciferase, HIF-Ia plasmids and the indicated
amount of FIH-I antisense (Figure IE). Data are
expressed as luciferase ratios and are normalized to b
-gal (mean  S.D).FIGs. 2A-H are photographs and bar
graphs illustrating that the triple mutant HIF-I a
shows greater angiogenic potency than P402A P564G and
P564A N803A 



double mutants. Figures 2A-F are representative
photographs of an in-vitro angiogenesis assay in
HUVECs transfected with pcDNA3 (Figure 2A), wt-HIF-l a
(Figure 2B), P402A P564G (Figure 2C), P564A N803A
(Figure 2D), Triple mutant (Figure 2E) or VEGF (Figure
2F). Figure 2G is a bar graph illustrating tube
formation of transfected HUVECs, which was quantified
by counting the number of capillary branches per high
power microscopic field. Results are expressed as mean
S.D of 5 random microscopic fields. Figure 2H is a bar
graph illustrating VEGF protein concentration of
transfected HUVECs, as determined by ELISA and results
are expressed as mean  S.D. *p = 0.029 vs. P402A
P564G. FIGs. 3A-H are photographs of fluorescent
microscope sections illustrating the endothelial and
ischemia specificity of PPEl-3x promoter. Figures 3A-F
illustrate fluoresent microscopic sections of
gastrocnemius muscles of mice subjected to either
hindlimb ischemia or sham procedure, which were
injected systemically via the tail vein 7 days later
with either saline (Figures 3A and 3D), Ad-CMV-GFP
(Figures 3B and 3E), or Ad-PPEl -3x-GFP (Figures 3C
and 3F). Figures 3G-H illustrate sections of
gastrocnemius muscle of mouse treated with Ad-PPE-
1-3x-GFP as seen in fluorescent microscopy (Figure 3G)
or phase microscopy (Figure 3H) showing erythrocytes
within a capillary (arrows) made of GFP expressing
endothelial cells (arrowhead). FIGs. 4A-F illustrate
Post-ischemic angiogenesis is augmented by local Ad-
CMV-Triple and Ad-PPE-Triple treatments. Figure 4A is
a line graph of Blood flow in the ischemic limb
measured immediately following and at 7, 14, 2 1 and
28 days after left femoral artery ligation. Data are
expressed as the ratio of the left (ischemic) to right
(non-ischemic) limb perfusion. Saline, n = 8;
Ad-CMV-Luc, n = 11; Ad- CMV-wt, n = 11; Ad-CMV-Triple,
n 12; Ad-PPE-Triple, n = 11. Figure 4B are
representative laser Doppler blood flow images of the
ischemic (left) and non ischemic (right) limbs at day
28 post-surgery. In color-coded images, normal
perfusion is depicted in red while low and/or no
perfusion in blue. Figure 4C are representative photos
of mouse hindlimbs 2 1 days post-surgery. Figure 4D is
a bar graph illustrating the percentage of mice
showing toe necrosis by day 2 1 post-surgery. Figures
4E-F illustrate representative CD31 staining (Figure
4E) and quantitation(Figure 4F) of capillaries from
sections of gastrocnemius muscles 28 days following
femoral artery ligation. *p<0.01. FIGs. 5A-N
illustrate that Ad-PPE-Triple is less toxic than
Ad-CMV-Triple following systemic administration.
Figure 5A is a point graph illustrating the changes in
mice body weights over time following systemic
injection of saline or adenovirus. Figures 5B-D are
bar graphs illustrating Serum bilirubin (Figure 5B),
AST (Figure 5C) and ALT (Figure 5D) levels at 5 and 2
1 days following systemic injection of saline or
adenovirus. Figures 5E-N are histological sections of
mice livers 5 (Figures 5E, G, I, K and M) and 2 1 days
(Figures 5F, H, J, L and N) following systemic
injection of saline (Figures 5E-F), AdCMV-Luc (Figures
5G-H), AdCMV-wt (Figures 5I-J), AdCMV-triple (Figures
5K-L), AdPPE-triple (Figures 5M-N). FIGs. 6A-F
illustrate that post-ischemic angiogenesis is
augmented by systemic Ad-PPE-Triple but not by
Ad-CMV-Triple treatment. Figure 6A is a point graph of
blood flow in the ischemic limb measured immediately
following and at 7, 14, 2 1 and 28 days after left
femoral artery resection. Data are expressed as the
ratio 



of the left (ischemic) to right (non-ischemic) limb
perfusion. Saline, n = 9; Ad-CMVLuc, n = 8; Ad-CMV-wt,
n = 9; Ad-CMV-Triple, n = 7; Ad-PPE-Triple, n = 8.
Figure 6B is a bar graph illustrating the percentage
of mice showing toe necrosis by day 2 1 post-surgery.
Figure 6C illustrate representative photos of mice
hindlimbs 2 1 days post-surgery. Figure 6D are
representative laser Doppler blood flow images of the
ischemic (left) and non-ischemic (right) limbs at day
28 post-surgery. In color-coded images, normal
perfusion is depicted in red while low and/or no
perfusion in blue. Figures 6E-F illustrate
representative CD31 staining (Figure 6E) and
quantitation (Figure 6F) of capillaries from sections
of gastrocnemius muscles 28 days after femoral artery
ligation. *p<0.01. FIG. 7A is a comparison of
HRE-mediated transcription of HIF-Ia expressing
adenoviruses in BAEC. BAEC were transfected with p2.1
HRE-Luc, followed 24h later by infection with
adenoviruses at MOI 20 or MOI 200. Data are expressed
as luciferase light units (mean  S.D). FIG. 7B is a
Western blot of HIF-l a in HeLa cells. Infection of
HeLa cells with Ad-CMV-GFP, AD-CMV-wtHIF-l a,
Ad-CMV-Triple or Ad-PPE l-3x-Tri rle. or mock
infection were carried out. Western blot was performed
48h following infection. FIGs. 7C-G: In-vitro
angiogenesis assay for HIF-l a expressing adenoviruses
in HUVEC. HUVEC were either mock infected (C),
infected with Ad-CMV-GFP (D),Ad-CMV-wtHIF- la (E)
Ad-CMV-Triple (F) or Ad-PPEl-3x-Triple (G). Forty
eight hours later, in-vitro angiogenesis assay was
performed. Figures C-G are representative photographs
of tube formation. FIG. 7H: is a bar graph
illustrating VEGF protein concentration of infected
HUVECs, as determined by ELISA and results are
expressed as mean  S.D. *p = 0.01 vs. Ad-CMV-wtHIF-
la. DESCRIPTION OF THE PREFERRED EMBODIMENTS The
present invention is of HIF-I a polypeptides and
polynucleotides encoding same, pharmaceutical
compositions which comprise the same and methods of
producing and using same. Specifically, the present
invention can be used in the treatment of diseases
associated with ischemia. Before explaining at least
one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its
application to the details set forth in the following
description or exemplified by the Examples. The
invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, it is
to be understood that the phraseology and terminology
employed herein is for the purpose of description and
should not be regarded as limiting. Hypoxia-inducible
factor la (HIF- la) is a heterodimeric transcription
factor and a key regulator of the response to low
oxygen levels, and has been suggested as a potential
candidate for therapeutic angiogenesis. Stabilization
of HIF-la may be achieved by point mutations P402A and
P564G [Masson et al., 2001, Embo J 20, 5197-206] while
constitutive activity of its C-transactivation domain
(C-TAD) is achieved by point mutation N803A [Lando et
al., 2002, Science 295, 858-61]. While reducing the
present invention to practice the present inventors
genetically engineered a mutant form of HIF-I a
combining the three point mutations P402A P564G N803A
(triple mutant), rendering HIF-l a both stable and 



constitutively active. Surprisingly, the triple mutant
showed a synergistic effect on the expression of a
reporter gene linked to a hypoxia response element as
compared to the two known double mutant forms of HIF-l
a, as illustrated in Figures IA-B. Thus, the present
inventors showed that constitutive activation of the
HIF-l a Ctransactivation domain, and not merely
stabilization of the HIF-l a molecule, is essential
for optimal HIF-mediated transcription and
proangiogenic effects.Accordingly, the triple mutant
HIF- l a, or polynucleotide encoding same, of the
present invention can be used to treat diseases or
conditions associated with angiogenesis. As
illustrated in Figures 2G-H, the triple mutant of the
present invention shows a greater angiogenic potency
than P402A P564G and P564A N803A double mutants as
demonstrated in in-vitro angiogenesis assays.
Furthermore, as illustrated in Figures 4A-F, an
adenovirus expressing the triple mutant HIF- la of the
present invention showed enhanced blood perfusion and
increased capillary density compared with an
adenovirus expressing wild-type HIF-la and controls in
a mouse hindlimb ischemic model. A modified
preproendothelin-1 promoter was shown to allow
specific expression in ischaemic endothelial cells
(Figures 3C and 3F). Expression of the triple mutant
HIF-la under the regulation of such a promoter reduced
ectopic expression and systemic side-effects as
compared to expression of the triple mutant under the
control of a constitutively active promoter (Figures
5A-N and 6A-D). Thus, according to one aspect of the
present invention, there is provided an isolated
polypeptide comprising an amino acid sequence encoding
a polypeptide having a HIF-la amino acid sequence, the
polypeptide being stably expressed and constitutively
active. As used herein, the phrase "HIF- la" refers to
at least an active portion of HIFl a (i.e., a portion
having HIF-l a activity). Preferably the HIF-l a of
the present invention is human HIF-l a, e.g. GenBank
Accession No: NM001530. As used herein the phrase
"HIF-l a activity" refers to at least the
transcription factor activity of HIF-l a i.e., the
ability of HIF-la to trancriptionally up-regulate
target angiogenic genes. In order to function as a
transcription factor, HIF-l a, dimerizes with HIF-I b
and binds co-factors such as P300. Accordingly the
HIF-l aof the present invention preferably comprises a
functional DNA binding domain and functional co-factor
and HIF- l b binding domains. The HIF-l a of the
present invention does not have to comprise for
example amino or carboxy terminal amino acids since
these terminal sequences are not required for HIF-
laactivity. As used herein, the phrase "constitutively
active" refers to HIF-l a which comprises
transcriptional activity which is not regulated by the
hypoxic state of the cell. As used herein, the phrase
"stably expressed" refers to a polypeptide which is
not subject to an increase in proteosomal degradation
in response to hypoxia.Accordingly the half life of
the polypeptide is not altered by the presence of Von-
Hippel-Lindau (VHL). Preferably, the half life of the
polypeptides of the present invention are at least
about 2 times greater, and even more preferably 5
times the half life of the wild type polypeptides
(i.e. not comprising a mutation). According to a
preferred embodiment of this aspect of the present
invention, the polypeptide of the present invention is
at least 50 % homologous, more preferably at least 60
% homologous, more preferably at least 70 %
homologous, more 



preferably at least 80 % homologous, and most
preferably at least 90 % homologous to SEQ ID NO: 3
and comprises a mutation at a position corresponding
to proline 402 of SEQ ID NO: 3, a mutation at a
position corresponding to proline at 564 of SEQ ID NO:
3 and a mutation at a position corresponding to
asparagine 803 of SEQ ID NO: 3. As used herein, the
term "mutation" refers to an alteration in an amino
acid sequence compared to the wild type sequence
(GenBank Accession No: NM001530 (GI:3 1077212) The
mutation may comprise a deletion or a substitution.
Exemplary mutations include an alanine corresponding
to proline at position 402, a glycine corresponding to
proline at position 564 and an alanine corresponding
to asparagine at position 803. Thus, according to a
preferred embodiment the polypeptide of the present
invention is as set forth in SEQ ID NO: 2. In
addition, the polypepide of the present invention may
comprise other conservative variations of SEQ ID NO:
3. The phrase "conservative variation" as used herein
refers to the replacement of an amino acid residue by
another, biologically similar residue. Examples of
conservative variations include the substitution of
one hydrophobic residue such as isoleucine, valine,
leucine, or methionine for another, or the
substitution of one solar residue for another, such as
the substitution of arginine for lysine, glutamic acid
for aspartic acid, or glutamine for asparagine, and
the like. The term "conservative variation" also
includes the use of a substituted amino acid in place
of an unsubstituted parent amino acid provided that
antibodies raised to the substituted polypeptide also
immunoreact with the unsubstituted polypeptide.
Methods of protein engineering e.g. display techniques
may be used to uncover other mutations which impart
stability and constitutive activity to the HIF-l a of
the present invention as well as active portions of
HIF-I a.Methods of constructing display libraries are
well known in the art. Such methods are described in,
for example, Young AC, et al, "The three-dimensional
structures of a polysaccharide binding antibody to
Cryptococcus neoformans and its complex with a peptide
from a phage display library: implications for the
identification of peptide mimotopes" J MoI Biol 1997
Dec 12;274(4):622-34; Giebel LB et al. "Screening of
cyclic peptide phage libraries identifies ligands that
bind streptavidin with high affinities" Biochemistry
1995 Nov 28;34(47): 15430-5; Davies EL et al,
"Selection of specific phage-display antibodies using
libraries derived from chicken immunoglobulin genes" J
Immunol Methods 1995 Oct 12;186(l):125-35; Jones C RT
al. "Current trends in molecular recognition and
bioseparation" J Chromatogr A 1995 JuI 14;707(l):3-22;
Deng SJ et al. "Basis for selection of improved
carbohydrate-binding single-chain antibodies from
synthetic gene libraries" Proc Natl Acad Sci U S A
1995 May 23;92(ll):4992-6; and Deng SJ et al
"Selection of antibody single-chain variable fragments
with improved carbohydrate binding by phage display" J
Biol Chem 1994 Apr l;269(13):9533-8, which are
incorporated herein by reference. Other mutations
which impart stability and constitutive activity to
the HIF- la of the present invention can also be
uncovered using computational biology. For example,
various mutated HIF- lapeptide sequences can be
computationally analyzed for an ability to impart
stability and constitutive activity using a variety of
three 



dimensional computational tools. Software programs
useful for displaying threedimensional structural
models, such as RIBBONS (Carson, M., 1997. Methods in
Enzymology 277, 25), O (Jones, TA. et al, 1991. Acta
Crystallogr. A47, 110), DINO (DINO: Visualizing
Structural Biology (2001) http://www.dino3d.org); and
QUANTA, INSIGHT, SYBYL, MACROMODE, ICM, MOLMOL, RASMOL
and GRASP (reviewed in Kraulis, J., 1991. Appl
Crystallogr. 24, 946) can be utilized to model
prospective mutant peptide sequences to identify
useful mutations. The term "polypeptide" as used
herein encompasses native polypeptides (either
degradation products, synthetically synthesized
polypeptides or recombinant polypeptides) and
peptidomimetics (typically, synthetically synthesized
polypeptides), as well as as peptoids and semipeptoids
which are polypeptide analogs, which may have, for
example, modifications rendering the polypeptides more
stable while in a body or more capable of penetrating
into cells. Such modifications include, but are not
limited to N terminus modification, C terminus
modification, polypeptidebond modification, including,
but not limited to, CH2-NH, CH2-S, CH2-S=O, OCNH,
CH2-0, CH2-CH2, S=C-NH, CH=CH or CF=CH, backbone
modifications, and residue modification. Methods for
preparing peptidomimetic compounds are well known in
the art and are specified, for example, in
Quantitative Drug Design, CA. Ramsden Gd., Chapter
17.2, F. Choplin Pergamon Press (1992), which is
incorporated by reference as if fully set forth
herein. Further details in this respect are provided
hereinunder. Polypeptide bonds (-C0-NH-) within the
polypeptide may be substituted, for example, by
N-methylated bonds (-N(CHB)-CO-), ester bonds
(-C(R)H-C-O-O-C(R)- N-), ketomethylen bonds
(-C0-CH2-), a-aza bonds (-NH-N(R)-CO-), wherein R is
any alkyl, e.g., methyl, carba bonds (-CH2-NH-),
hydroxyethylene bonds (-CH(OH)- CH2-), thioamide bonds
(-CS-NH-), olefmic double bonds (-CH=CH-), retro amide
bonds (-NH-C0-), polypeptide derivatives
(-N(R)-CH2-C0-), wherein R is the "normal" side chain,
naturally presented on the carbon atom. These
modifications can occur at any of the bonds along the
polypeptide chain and even at several (2-3) at the
same time. Natural aromatic amino acids, Trp, Tyr and
Phe, may be substituted for synthetic non-natural acid
such as Phenylglycine, TIC, naphthylelanine (NoI),
ringmethylated derivatives of Phe, halogenated
derivatives of Phe or o-methyl-Tyr. In addition to the
above, the polypeptides of the present invention may
also include one or more modified amino acids or one
or more non-amino acid monomers (e.g. fatty acids,
complex carbohydrates etc). As used herein in the
specification and in the claims section below the term
"amino acid" or "amino acids" is understood to include
the 20 naturally occurring amino acids; those amino
acids often modified post-translationally in vivo,
including, for example, hydroxyproline, phosphoserine
and phosphothreonine; and other unusual amino acids
including, but not limited to, 2-aminoadipic acid,
hydroxylysine, isodesmosine, nor-valine, nor-leucine
and ornithine. Furthermore, the term "amino acid"
includes both D- and L-amino acids. Tables 1 and 2
below list naturally occurring amino acids (Table 1)
and nonconventional or modified amino acids (Table 2)
which can be used with the present invention.Table 1A
METHOD AND SYSTEM FOR DESIGNATING A TARGET AND 



GENERATING TARGET-RELATED ACTION FIELD OF THE
INVENTION This invention relates to designating
targets using laser e.g. for homing intercepting
objects onto the target. BACKGROUND OF THE INVENTION
Designating targets using laser spots is a widely
known technique due to the high precision of the
pointing laser device and the relatively low cost of
the homing head that utilizes a sensor which receives
the energy reflected from the illuminated target, and
then processing it for generating steering commands
for homing the intercepting platform (such as an
intercepting missile) towards the target (such as a
moving vehicle). In accordance with known laser spot
guiding techniques (as illustrated schematically in
Fig. 1), a laser designator 1 fitted on a given
platform 2 constantly tracks the target 3 and
illuminates it in a laser beam 4 pulsed spot. Also
shown is an intercepting missile 5 employing a
sensitive sensor. The sensor's surface is usually
divided into four equal sectors (not shown in Fig. 1)
and associated spectral filter which transfers most of
the energy (reflected from the illuminated target as
well as a certain (low) portion of noise that stems,
e.g. from sunlight (not shown)). The energy received
in each of the sectors of the sensor is converted into
corresponding signal intensity. The differences
between the signal intensities in the respective
sectors are used to calculate the direction to the
target (line of sight- LOS 6) and/or the change of
direction LOS rate. The calculated LOS and/or LOS rate
serve for steering the missile for homing onto the
target 7. In accordance with a typical (yet not
exclusive) scenario, the laser designator 1 transmits
pulses at a rate of 10-20 Hz, facilitating sampling at
this rate for homingpurposes. The wavelength that is
used is e.g. 1064 hm. Each pulse is narrow (15-20
hsec) and has generally an energy of 60 to 120 m
joule. The energy received by the sensor is converted
to electrical current/voltage, depending also on the
sensor's sensitivity. In order to secure sufficient
Signal/Noise ratio (e.g. above 6) that will be
received in the sensor and will allow to discern
between the true signal from the ambient noise (such
as sunlight) at a sufficient level of certainty, the
output power of the laser designator 1 is of the order
of 3-8 Megawatts. This output power of the laser would
allow the intercepting missile to process the so
discerned signal at sufficient range from the target,
affording at least 6-10 time constants which are
required for properly steering of the intercepting
missile in order to achieve an accurate homing 7 onto
the target. In case the energy received at the sensor
is too low, this will hinder properly discerning
between the signal and noise, thereby adversely
affecting the calculation of the angular error and
angular error rate, and thereby degrading the
prospects of duly hitting the target. The hitherto
known techniques suffer from one or more of the
following limitations, including: o The relatively
high price tag of the laser designator (which
illuminates the target) that meets the specified
operational specification. o The relatively large
physical dimensions of the laser designator as well as
the relatively high weight which hinders the
possibility to 



carry portable laser designators by a person such as
an infantry individual, or fitting them in a vehicle,
such as small flying platforms (for instance UAV)
which can fly under the clouds. There is, thus, a need
in the art for a new low-weight and low-cost laser
designator device, and a corresponding sensor and
associated processor that will facilitate appropriate
designating of moving targets, e.g. for display
purposes, and whose laser can be carried by a platform
that is limited by its capacity to carry heavy
payload, such as an infantry soldier, low weight
flying platform (possibly) unmanned air vehicle (UAV),
etc.There is still a need in the art for laser
designators and/or sensor and an associated processor
that will facilitate the operation of intercepting
platforms such as missiles for homing onto moving or
stationary targets. There are known in the art low
pulse power lasers, for instance those utilizing fiber
optics technology (hereinafter fiber optics lasers). A
typical, yet not exclusive example is the 10-20W
Pulsed Fiber Lasers commercially available from SPI
Lasers Company, which is illustrated schematically in
Fig. 2. Such lasers are in many cases considerably
lighter and cheaper than the specified laser
designators, but they have low pulse power capacity of
the order of 1-4 mjoules per pulse. The fiber optic
lasers can generate a relatively high pulse frequency
of the order of 5000 Hz at very accurate timing. As
shown in Fig. 2, a typical, yet not exclusive, fiber
laser designator 20 consists of a power supply 21
coupled to a trigger laser diode 22 and pumping laser
diode 23 both coupled to fiber laser amplifier 24
which, in turn, is coupled to beam spot focusing
telescope 25 that generates the laser spot that
illuminates the target. Note that the generated laser
pulses are rather narrow, say of the order of 20-25
hsec. The operation of the fiber optics laser
designator is generally known per se and therefore
will not be further expounded upon herein. There is a
further need in the art for utilizing the low weight
and relatively cheap fiber optics lasers for the
specified applications such as designating targets
(e.g. for display purposes), and/or homing an
intercepting object, such as a missile, onto a mobile
or stationary target, and/or measuring distance and/or
velocity to targets. These applications are
applicable, notwithstanding the inherent low pulse
power output of the fiber optics lasers. List of
related art: WO 2005/050240 entitled "Method and
System for Determining the Range and Velocity of a
Moving Object" discloses a device for determining the
range of a moving object, the device including at
least one sampler, a multi-process array coupled with
the sampler and a selector coupled with the
multi-process array, the sampler producing a plurality
of sampled signals by sampling a received signal
respective of a sequence of pulses transmitted toward
the moving object, the multi-process array running a
plurality of processes, each of the processes
associated with a respective time shift which is
determined according to a respective radial velocity
assumption of the moving object with respect to the
device and with a pulse rate of the sequence of
pulses,- A - each of the processes producing a signal
summation by sequentially shifting the sampled signal
by the respective time shift and adding together the
sampled signals, the selector determining the range
according to at least one signal summation which
includes a summed pulse event. 



SUMMARY OF THE INVENTION The invention illustrates a
system, comprising: a laser designator configured to
continuously designate a target with a pulsed laser
spot; a sensor and associated processing system
configured to receive a reflection of the laser spot,
convert the received energy to plurality of signals,
processing the signals for detecting at least one true
reflected signal and process at least one of the true
reflected signals for generating target related
action, and wherein said sensor and associated
processor are configured to detect said at least one
true signal notwithstanding an inherent low
Signal/Noise ratio of substantially below 4 of
received signals from among said plurality of signals
due to at least one factor selected from a group that
includes low pulse power of the laser designator and
distance to target. The invention further illustrates
a method for designating a target and in response
generating a target related action, comprising:
designating a target with a pulsed laser spot;
receiving a reflection of the laser spot; converting
the received energy to plurality of a signals,
processing the signals for detecting at least one true
reflected signal notwithstanding an inherent low
Signal/Noise ratio of substantially below 4 of
received signals from among said plurality of signals
due to at least one factor selected from a group that
includes the low pulse power and distance to target;
and processing at least one of the true reflected
signals for generating target related action. Still
further, the invention illustrates a system,
comprising: a laser designator configured to
continuously designate a target with a pulsed laser
spot; a time duration between consecutive pulses
generated by said laserdesignator constitutes an
inter-pulse time duration that is divided into
plurality of / cells each having time duration that
substantially matches a width of a pulse as received
and processed by a sensor and associated processing
system; the sensor and associated processing system
are configured to receive a reflection of the laser
spot, convert the received energy into a plurality of
sampled signals, and store in each cell a sampled
signal value which may be a sought true signal, a
noise or combination thereof; the sensor and
associated processing system are configured to discern
between signal and noise for detecting a true
reflected signal including applying non-coherent
integration of sampled signals. As readily arises, in
accordance with certain embodiments, the invention
provides a technique for increasing the prospects of
discerning between signal and noise for obtaining at
least one true reflected signal notwithstanding an
inherent low Signal/Noise ratio of the received
signal, or decreasing the prospects of false alarm,
namely detecting what appears to be a true signal, but
in fact is not. BRIEF DESCRIPTION OF THE DRAWINGS In
order to understand the invention and to see how it
may be carried out in practice, a preferred embodiment
will now be described, by way of non-limiting example
only, with reference to the accompanying drawings, in
which: Fig. 1 illustrates generally a typical scenario
of intercepting an armored vehicle 



using laser pointing technique ; Fig. 2 illustrates a
simplified block diagram of a fiber optics laser, in
accordance with the prior art; Fig. 3 illustrates a
block diagram of a sensor and associated processor, in
accordance with an embodiment of the invention; Fig. 4
illustrates a flow chart of non-coherent processing,
in accordance with an embodiment of the invention;Fig.
5A-D illustrate exemplary charts for explaining the
non-coherent processing in accordance with certain
embodiments of the invention; Fig. 6 is a graph
representation illustrating schematically non-coherent
integration value (ordinate) vs. vertical cell number
from 1 to I (abscissa), in accordance with certain
embodiments of the invention; and Figs. 7A-B are two
exemplary illustrations of monitored signals separated
by inter-pulse duration, in accordance with certain
embodiments of the invention. DETAILED DESCRIPTION OF
THE INVENTION The invention is described, for
convenience only with reference to intercepting
targets. The invention is not bound to this particular
application. Other non-limiting target related actions
may be applicable, such as displaying target data,
measuring distance to target and/or relative velocity
and/or others. Note that the specific system
specifications provided above (e.g. with reference to
Fig. 1 and 2) and below, are for illustrative purposes
only and are by no means binding. Thus, for example,
the invention is not bound by the use of fiber optics
lasers, and a fortiori not by the specific system
architecture of Fig. 2. Typical, yet not exclusive,
examples of fiber optics lasers are 10-20W pulsed
fiber lasers, commercially available from SPI lasers
company, or YLP high energy pulsed ytterbium Fiber
Lasers, commercially available from IPG Photonics
Lasers company. The invention is described with
reference to lasers generating pulses at high
frequency (say, at least 1 KHz ) and at low intensity
(say, of up to 10 MiIi Jouls per pulse). In accordance
with certain embodiments, the invention is described
with reference to an intercepting platform,a missile
being an example. Bearing in mind a typical
operational scenario as depicted in Fig. 1, attention
is drawn to Fig. 3, illustrating a block diagram of a
sensor and associated processor, in accordance with an
embodiment of the invention. As may be recalled, the
sensor is fitted on an intercepting object (say,
missile 5). As shown, the sensor includes a sensor
head 30 that is divided into four sectors, designated
A to D, respectively. Each sector has a distinct
processing channel constituting a part of a processing
system. For simplicity only the processing channel
ofchannel A 31 is elaborated. The other sectors B to D
are associated with substantially identical processing
channels and are processed substantially
simultaneously. The energy reflected from the target
(in response to the illuminating spot of the
designator pulse) is received by the sensor together
with energy originated from ambient noise (such as
sunlight) and is converted to a signal that is fed to
a fast sampler 32 controlled by an accurate clock 33.
In accordance with certain embodiments the sampler
samples at a rate of e.g. 20MHz. For the specific case
of 20MHz, it consists of 4000 inter-pulse durations
(each extending to 250msec) and, say 5000 samples per
time duration, each (by this example) extending over
50h sec. The inter-pulse duration 



corresponds to the pulse rate (4000Hz) of the laser
designator and each sample (say, 5000 per inter-pulse
time duration) corresponds more or less to the width
of the pulse generated by the laser designator, all as
will be explained in greater detail below. It should
be noted that the clock that controls the sampler
operation is not necessarily synchronized with the
clock that controls the pulse generation in the laser
designator. As was explained above, the intensity of
the received signal is relatively low (due to the
relatively low pulse power of the fiber optics laser
designator), hindering the processing phase which
attempts to discern between noise and detect at least
one true reflected signal. It is therefore required to
increase Signal/Noise ratio (which may be
approximately below 4 for many out of the plurality of
the received signals ) in order to increase the
certainty of detecting a true signal that is reflected
from the target, or, in other words, to increase the
probability of detection (POD) and reducing false
alarm rate (FAR). It is well known that non coherent
integration of X pulses that consist of signal and
noise (in ambient conditions of random noise) will
enhance a Signal/Noise ratio by a factor of yfx
compared to the Signal/Noise ratio of a single sampled
received pulse, which, as specified, may be below 4.
As will be explained below, in accordance with certain
embodiments of the invention, said sensor and
associated processor are configured to apply a
non-coherent integration of K received pulses for
identifying candidates for true signal component. The
non coherent integration will strengthen the inherent
low signal to noise ratio of each pulse (due to the
low pulse power of the laser designator) by a factor
of LIK . Thereafter, an additional process is applied
to up to N candidate signals (from N blocksof K lines
each) in order to find links between candidate signals
for detecting a true signal and thereby achieve
efficient tracking and guiding (if necessary including
homing) an intercepting object onto the target. The
additional process phase will further enhance the
Signal/Noise of the candidate signal by additional
factor of R being up to y[N . The net effect would
then be that a true signal has an improved
Signal/Noise ratio by a factor of k  R compared to the
Signal/Noise ratio of a sampled received single pulse.
In accordance with certain embodiments and as will be
further elaborated below, the inter-pulse time
duration is divided into plurality of cells each
having time duration that substantially matches the
width of a pulse (as received and processed by the
sensor). Each cell holds a sampled (after having been
converted to digital form) signal value which may be
the sought signal, a noise or combination thereof.
Next, few signal values in corresponding vertical
cells are summed (giving rise to interim summation)
and compared to a given threshold in order to give an
indication whether the summed signal is representative
of a candidate for true signal (if the summed value
exceeds the threshold) or otherwise a noise, all as
will be explained in greater detail below with
reference to Fig. 5. This is illustrated schematically
in Fig 3, where 5000 samples per inter-pulse time
duration are fed to respective 5000 adders 34 and each
adder adds K pulses vertically 35 (for successive K
inter-pulse durations), giving rise to respective 5000
interim summed values (36) each being compared to a
threshold 37 and in the case that it exceeds a given
threshold a candidate signal is detected 38, or
otherwise noise (301). 



The threshold value is determined 39 in accordance
with various parameters (such as false alarm rate
which should be low enough). Each adder that sums K
vertical signal values (and applied simultaneously to
5000 samples, using 5000 adders respectively) realizes
a non-coherent integration and improves (as specified
above) the Signal/Noise ratio by a factor of K . The
non-coherent integration for identifying candidate
signals will be exemplified in greater detail, with
reference to Figs. 4 and 5 below. In accordance with
certain embodiments, after having identified
candidates for true signal, there follows a procedure
for detecting true signals from among N bulks of
candidate signals 302 (which appear in a table of I
cells and N rows), by finding links between the
candidate signals 303 all as will be explained in
greater detail below,In accordance with certain
embodiments, after having detected a true signal in
channel A 304, the value is compared to the so
detected (possibly) true signals (if any in channels B
to D, 305 to 307, respectively), in order to calculate
the error and therefrom derive LOS direction and/or
LOS direction rates to the target 308, which will
facilitate appropriate guidance to the target
(including, whenever necessary) homing onto the
target, all as will be explained in greater detail
below. LOS direction and/or LOS direction rates are
examples of LOS related data. In accordance with
certain embodiments, time of arrival related data is
used, e.g. for measuring distance to the target and/or
relative velocity laser designator, the target and the
intercepting platform. In accordance with certain
embodiments, the candidate signals findings of all the
channels are integrated, and only afterwards a link
between candidate signals is sought for detecting true
signals, all as will be explained in greater detail
below. The procedure of finding links between
candidate signals will also be explained in greater
detail below, with reference to Figs. 4 and 5. Note
that the flow chart illustrated in Fig 3. with
reference to certain embodiments of the invention, is
by no means binding. Bearing this in mind, there
follows a more detailed description of non- coherent
processing in accordance with various embodiments of
the invention, with reference also to Fig. 4 and Figs.
5A-D. Note that the numerical examples are provided
for convenience only and are by no means binding.
Before turning to explain the manner of operation in
accordance with certain embodiments, there follows a
description in respect of few parameters F,T,n,S,Nand
K (with reference also to Fig. 4), which are
applicable in accordance with certain embodiments of
the invention. Whilst the description below refers to
the parameters in this particular order, the
determination of these parameters is of course not
bound by this order. As exemplified above, the laser
designator 1 (see Fig. 1) generates, say 4000 pulses
(F) per second and having inter-pulse time duration of
250msec between consecutive pulses, each having a
pulse width of substantially 20-25 hsec, The sensor
that is fitted on missile 5, receives the reflected
energy and samples / signals (in this example 5000)
per each inter-pulse time duration where each sample
includes ambientnoise and 1-3 (of the I samples)
include also the received (and processed) reflected
energy (of true reflected signal). Note that the
pre-amplifier and amplifier controller (see Fig. 2)
expand the pulse width from 20-25 hsec (as generated
by the laser designator) to substantially 100 hsec,
and therefore each sample extends over about 50 h sec
(100/2 according to the sampling 



theorem). Note, that the width of the generated signal
is narrow (of the order of 100 hsec) and it is not
known in advance where in the 250 msec inter-pulse
duration (or in other words, where in the 5000 samples
per inter-pulse duration), the reflected signal (true
signal) that stems from the narrow generated
designating pulse, will fall. As specified above, the
sampled true signals are "contaminated" by noise that
needs to be filtered out. Having determined F and T
(41 and 42), there follows a description of the rate
of steering updates n (43), in accordance with certain
embodiments of the invention. The more the updates (in
certain embodiments up to 20 updates per second) the
higher the prospects of duly tracking and guiding
(homing) to the target. Note, however, that initially
it is required to discern between the signal and noise
which, in accordance with certain embodiments, may
pose a tradeoff between the steering commands update
rate and the number of processed pulses per update.
For a better understanding of the foregoing, it should
be borne in mind that the received signal is
inherently of low intensity due to the low pulse power
laser, and further due to the fact that at the initial
intercepting phase by the intercepting platform is
relatively far away from the designated target and
therefore the signal intensity is further diminished,
due to the traveling distance of the signal from the
target to the sensor. In order to discern between the
signal and noise (notwithstanding the low signal
intensity discussed above) a socalled non-coherent
integration is utilized (in respect of K signals) and
therefore achieving an enhancement of Signal/Noise by
a factor of all as further explained below. Amongst
the others, the non coherent integration concerns
summing incoming signal pulses for identifying
candidate signals and as a preparatory step for
finding links between candidate signals for detecting
true signal. In accordance with certain embodiments,
the number of signals that need to be processed
(summed in a non coherent integration for identifying
candidate signals and further processed for detecting
true signal by identifying links between the candidate
signals) is dependentupon the number of times (per
second) that update steering commands should be
generated for guiding (including homing, whenever
necessary) the intercepting platform towards the
target. Generally speaking, the lower the estimated
signal intensity, the more signals that need to be
processed in order to detect true signal. Naturally,
when the interceptor is at a large distance from the
target, the reflected signal's intensity is lower (due
to the 1/R propagation attenuation, for large
traveling distance R from the target to the receiving
sensor) and more signals need to be processed in order
to discern signal from noise, compared to a shorter
distance where the signal's intensity increases (due
to the shorter traveling distance R of the signal from
the target to the receiving sensor). As discussed
above with reference to Fig. 1, based on the detected
(true) signals, the LOS direction and/or LOS direction
rates data can be calculated and therefrom the
required steering commands. Thus, in accordance with
certain embodiments, in the case of low intensity
signal (far distance) more signals are processed per
update and consequently less updates are available per
second. As the intercepting platform approaches the
target, the signal intensity increases, less signals
need to be processed until true signal is detected and
more updates are available per second. In accordance
with certain embodiments, the number of updates per
second is 



designated n and the number of pulses that needs to be
processed per update is S (43 in Fig. 4). S indicates
the maximum number of pulses that can be processed in
order to meet the requirement of n updates per second.
S", F and n comply with the following equation: S n =
F By one example F is 4000 and for n=\Q updates, S is
400, whereas for n=4 updates, S is 1000. In accordance
with certain embodiments, the number of pulses per
update (S) is processed in N bulks of K pulses. In
accordance with certain embodiments, the K pulses are
used for the non-coherent integration (interim
summation). In certain embodiments, substantially
corresponding K vertical cells are summed (giving rise
to interim summation) and compared to a given
threshold in order to give an indication whether the
summed signal is representative of a candidate for
true signal (if the summed value exceeds the
threshold) or otherwise a noise. For the exemplary
250msec inter-pulse duration and 5000 (T) cells, each
cell (e.g. cell #i out of 5000 cells of the first
interpulse period of 250msec) holds a sampled signal
intensity value (current or voltage, whichever the
case may be). The next corresponding vertical cell is
cell #i out of 5000 cells of the second inter-pulse
duration of 250msec holds a sampled signal intensity
value, and so forth for the 4000 samples per second.
In accordance with certain embodiments, it is assumed
that if a true signal (reflected from the target)
falls in a given cell (say, the specified cell #i),
the relative location of the target and intercepting
platform will stay substantially the same for a
succession of additional signal samplings and
therefore the signal is likely to reside in the same
cell (i.e. cell # i) also for few consecutive
samplings. Bearing in mind that the inter-pulse
duration (e.g. 250msec), and further taking into
account the relative velocities of the intercepting
platform (although not explicitly known) are within
predefined tolerance as well as other parameters (such
as inaccuracies between the laser designator clock and
the sensor's clock), it is possible to estimate the
number of consecutive vertical cells in which it is
likely to assume that the received signal is reflected
from the target and that the signal is not "drifting"
to neighboring cells. Note that in accordance with
certain embodiments the non coherent integration of K
vertical cells is performed in respect of each one of
the I cells, using I adders (see 32 of Fig. 3). In
accordance with a certain embodiment, K (<K MAX
)complies with the following equation: where, C is the
speed of light, t is the width of a sampling cell (in
the latter example 50h sec), T is the inter-pulse time
duration (in the latter example 250msec), V the
relative velocity between the laser designator, target
and intercepting platform. Thus, for example, for
V=300 m/sec, KMAX =200. This means that the non
coherent integration is applied to K (up to 200)
vertical cells, since otherwise the received signal
that is reflected from the target is likely to drift
to a neighboring cell. The same KMAX =200 applies to a
situation where the difference between the clocks is
10 6 .After having determined K, also N (44) is
determined in accordance with the 



following equation: S=K*N all as will be explained in
greater detail below. Note that the non-coherent
integration of K pulses (intra-bulk) will lead to
determining candidates for true signals and the
inter-bulk processing among up to N bulks of K pulses
will attempt to find a link between the candidate
signals and detect a true signal, all as will be
exemplified below. The specified parameters are stored
(if desired off-line) and used later, as will be
discussed below. Before moving forward, it should be
noted that in case the interceptor is far away from
the target, the Signal/Noise ratio is naturally low
and consequently the prospects of discerning between
signal and noise (as will be discussed with reference
to Figs. 5-B, below) is very limited. This may create
numerous false alarms, each seemingly indicating the
existence of a signal value, whereas in reality it is
a noise having energy level which is very close to
that of the low signal value. In this situation the
specified KMAX used for non-coherent integration (and
improving the Signal/Noise ratio by a factor of ylK )
is still insufficient. It is therefore desired to
further increase K to exceed the specified KMAX,
enabling sufficient improvement of the Signal/Noise
ratio. In accordance with certain embodiments, K can
be increased whilst restraining the received signal
substantially within the K vertical cells, by
modifying the value of / (number of cells discussed
above) to / ' such that Y corresponds to the value of
V, and thereby preventing leakage to neighboring
cells. Note that in certain embodiments, in order to
comply with the specified stipulation (I1
corresponding to V), the former may have a non-
integer value, which is obviously infeasible,
considering that it stands for a number of cells
(having integer value). In this case, F is rounded to
the nearest (lower or upper) integer value and the
missing or excessive cell (due to the rounding
operation) is compensated (i.e. added or deleted,
which the case may be) every few time intervals, such
that by average, the desired (non integer) I1value is
accomplished. In accordance with certain embodiments,
K can be increased whilst restraining the received
signal substantially within the K vertical cells, by
adapting the time width t of a sampling cell to the
value of V and preventing leakage to neighboring
cells. Note that by these embodiments the number of
cells / is not modified.This is achieved by modifying
the value of T' (the inter-pulse duration as perceived
by the receiver) in order to compensate for (i) the
difference between clocks in the designator and the
receiver, respectively and (ii) the frequency shift
that results from Doppler frequency shift of the pulse
rate, due to the velocity V (complying with the
equation T=TV(I +Wc)), such that T' will lead to
increased KMAX.. Graphically, this can be illustrated
in Fig. 7 where in Fig. 7A it is shown a signal
appearing in cell #i 701 and in the next pulse (after
one inter-pulse duration has elapsed) it appears in
cell j<i 702. The "route" 703 is proportional to the
velocity V and depends on the number of cells / . As
shown, the signal drifted from cell #i (to #j),
affecting thus the non-coherent integration value of
cell #i. Assuming now that / is reduced to smaller
value / ' (or alternatively modifying T') , then under
the same velocity conditions V (namely extending along
the same route -now designated 704) the signal that
has appeared in cell #i will appear in the same cell
#i 705 of a succeeding pulse, thereby naturally
increasing K (i.e. adding more cells to the non-
coherent integration wherein the signal has not
drifted to a neighboring cell) with the net effect
that the Signal/Noise ratio is 



increased (due to the larger K). Note that in this
manner, (or T' as discussed above) can be controlled,
thereby increasing K, until sufficient Signal/Noise
improvement is achieved. Those versed in the art will
also appreciate that the various parameters K,N,n,S
and T discussed herein are by no means binding and
accordingly one or more of the specified parameters
may be modified and/or others may be added in addition
or instead of one or more of the specified parameters.
Note also that the term N signifies number of bulks,
Signal/Noise signifies signal to noise ratio (in the
conventional manner) and M (<=N) as will be discussed
below. Having determined and stored the specified
parameters (45), there follows a description of a
sequence of operation, in accordance with certain
embodiments of the invention and with reference to
Figs 4 and 5. Fig. 5A illustrates a table having I
(e.g. 5000) columns (cells) each, as may be recalled,
representing a time duration of 50 hsec such that the
time duration of all 5000 cells amount for the time
interval between consecutive pulses (inter-pulse time
duration), i.e. 250msec. The rows represent N lines
(in the example of Fig. 5A, N=8, where each row
represents interim (vertical) summation of K sampled
pulses. This is illustrated more explicitly in Fig. 5B
showingonly the first row (N=I), which, as shown, is
divided into K lines, each holding sampled signal
intensity. Assuming that at the beginning the signal
is relatively weak, so that a higher number of pulses
needs to be processed before a clear indication of a
true pulse is achieved. In the example of Fig. 5A, it
is assumed that initially 5 updates per second are
performed, leaving thus 800 pulses for processing per
update. (S=800). Fig. 5A depicts in more detail the S
( 500) processing (for the first update) and marks
more generally the other 4 updates per second (S2 to
S5 501 to 504, respectively), giving rise to the
specified n=5 updates per second. Focusing on the
first update (S1=SOO), assume that non-coherent
integration is applied to 100 corresponding vertical
cells (interim sum), i.e. by this example K=IOO , then
naturally it readily arises that there are N=8 bulks.
Bearing this in mind, attention is reverted to Fig. 4
for describing the processing sequence in respect of
every update (out of the n updates), in accordance
with certain embodiments. Note that the invention is
not bound by the specific sequence of operation
described with reference to Fig. 4 as well as not by
the specific charts of Fig. 5 and a fortiori by the
numerical examples which are provided for illustrative
purposes only. Thus, the energy received by the
sensors is sampled at 20MHz 46. Next, the following
processing sequence is performed for every update (47)
(out of the n updates). For each update, the S signals
are processed in two phases, per bulk and across
(inter) bulks. Per bulk (48), it is assumed that the
relative relationship between the target and the
intercepting platform is substantially maintained for
the entire K samples (e.g. in this particular example
for a duration of 100*250 msec= 25msec) and
accordingly if a signal reflected from the target
falls in a given cell (i.e. a given timing of 50 hsec
within the 250msec inter-pulse duration ) there is a
high probability that it will be found in the same
timing in the succeeding 99 samples. As may be
recalled, the signal intensity that is sampled in each
sample is relatively low, however if K (100 by this
example) successive signals are summed, this amounts
to higher value. Thus, interim summation of 100
corresponding vertical cells in which the true signal
resides 



(possibly together with some additional noise
component) is likely to amount to considerably higher
value than the interim sum of 100 cells which do not
accommodate sampled signal, but rather noise only. As
explained above, the net effectof applying
non-coherent integration for K signals is improving
the Signal/Noise ratio by a factor of about k .
Attention is now drawn to Fig. 5B, showing, for
example, for the K (=100) lines of the first bulk
(i.e. N=I). The signal value for each cell (50hsec) is
sampled, giving rise to 5000 samples (from column 1 to
T=5000). The sampled values are marked for instance
for the first, fourth and T cells in the first line in
following convention: V1 designates the signal
intensity for the first inter-pulse duration (row=l)
for the first cell, and likewise V1 designates the
signal intensity for the first inter-pulse duration
(row=l) and for the fourth cell and Vi designates the
signal intensity for the first interpulse duration
(row=l) and for the I1 cell . In a similar fashion,
the signals are sampled for every cell from among the
5000 cells within the 250msec duration. The procedure
is repeated for the succeeding 250msec inter-pulse
duration (second row in the table of Fig. 5B). The
signal intensity for the first cell in the second row
is marked V2 1 and so forth until the whole values for
K lines of the first bulk are filled in (Vk,i , where
l iT). Now, a non-coherent integration is performed
which, by this particular embodiment, includes
performing the following: for every cell (from among
the / cells), 49 K vertical cells are summed, giving
rise to an interim sum 401. The interim sum is
compared to a threshold 402 and in case it exceeds the
threshold 403, this suggests that primafacie a
candidate true signal is detected and it is marked as
such 404, otherwise if it does not exceed the
threshold 405 it is marked as a noise 406. The
procedure is performed substantially simultaneously
for all I cells within the first bulk (407 and 408).
The vertical summation is illustrated in Fig. 5B, e.g.
in cell #4 the values, V1 4 V2 4... V 4 are all summed
and compared to threshold. This is performed for every
one of the 5000 cells. For illustrating the foregoing,
attention is drawn again to Fig. 5A, and focusing on
the first bulk (N=I), the marking is indicated by
means of l k in case it exceeds the threshold, and
otherwise 0k- Note, for instance, that in the first
bulk in cells #4, #7 and #T-2 a candidate true signal
is found as marked by the "lk " value, whereas in the
other cells no candidates are found as marked by the
"0k " value. It is accordingly appreciated that there
may be more than one detected candidate per bulk. This
stems from random picks of noise, inherent inaccuracy
in thresholding, etc. However, the vast majority of
the options are eliminated since, at most, only few
cells will indicate a candidate truesignal, whereas
the vast majority of the cells (in which noise only
was sampled) the interim sum will not exceed the
threshold eliminating the option of true signal
presence (low FAR). Accordingly, the first intra-bulk
calculation dramatically narrowed the search window
for true signals. Note also that by this embodiment,
insofar as real-time calculations are concerned, the
non-coherent integration calculations are very fast,
since they involve only simple summation of values in
vertical cells, and then comparing them to a
threshold. Having described the intra-bulk calculation
for the first bulk, the procedure is repeated in
accordance with a certain embodiment for the next bulk
(409 to 411), until all N bulks are processed 412. As
illustrated in Fig. 5A, for the second bulk (N=2) only



the interim sum for the fifth cell (505) exceeded the
threshold, and therefore signifies a candidate for a
true signal. Similarly, the third bulk revealed a
candidate for a true signal in the third and six cells
(506 and 507) and the calculation covered all the 8
bulks. Note that the processing of N bulks further
improves the Signal/Noise ratio. Thus, as may be
recalled, the intra-bulk calculation of K pulses
improves the Signal/Noise ratio by the substantially k
factor. Now, processing N bulks of k pulses each will
further improve the Signal/Noise ratio by another
factor of R (being up to about) N7 giving rise to an
enhancement of Signal/Noise by a factor of
substantially K  R compared to the Signal/Noise ratio
of a distinct pulse received by the sensor. In
accordance with certain embodiments, having determined
candidates for true signal in each one of (or few from
among) the N bulks, there follows an inter-bulk
calculation for determining a link between candidate
signals and thereby detecting a true signal from among
the candidate true signals. As may be recalled, in
accordance with certain embodiments, there is an
underlying assumption that within a bulk, the signal
substantially does not drift to a neighboring cell.
However, in a transition from a bulk to the next bulk
(each extending to a duration of about 25msec (a term
which, as may be recalled, is composed from 250m
inter-pulse duration multiplied by K [100] cycles)),
it is likely that the signal will "shift" to a
neighboring vertical cell, since the intercepting
platform and the target have changed their relative
position (and possibly also other factors discussed in
detail above), naturally imposing deflection of
thereflected signal as received by the sensor that is
fitted on the intercepting target. Note, however, that
in certain embodiments, the shift to neighboring cells
is likely to be gradual due to the relatively short
time duration (e.g. 25msec) of each bulk. In
accordance with certain embodiments the specified
gradual shift exemplifies one form of a link between
candidate signals. In accordance with certain
embodiments, in order to detect the true signal, what
remains to be done is simply to identify a gradual
shift of sufficient candidate signals (e.g. M out of
N, see below), such as the one marked 510 in Fig. 5A.
The gradual shift requirement will discard the faulty
candidates such as candidates 511, 512, 506 and 513.
Thus, in accordance with certain embodiments, it is
required to identify a gradual shift which is
manifested as a straight line with M out of N
detections (M< N) (413 and 414 in Fig. 4). For
instance, in the example of Fig. 5A, in 510, 7 out of
8 interim sums (i.e. 7 out of the 8 bulks) identified
a candidate signal (except for the N=6 514). The
misdetection of the latter bulk may stem from various
reasons such as noise, etc. In accordance with certain
embodiments, the value of M (whether static or
dynamic) may be determined depending upon various
parameters, all depending upon the particular
application. In accordance with certain embodiments,
the link between candidate signals is not necessarily
a straight line, skipping in each bulk one vertical
cell. In accordance with certain embodiments, the link
is not necessarily a straight line, and may be a
serpentine line. Note that the detection of the
gradual shift requires only few calculations, since
due to the initial calculation phase of non-coherent
intra-bulk integration there are not many true signal
candidates, which, in accordance with certain
embodiments, is advantageous for realtime calculation
requirements. 



In accordance with certain embodiments, having
detected the true signal (processed in respect of one
sector of the sensor, say channel A 31 of Fig. 3), the
processing is conducted substantially simultaneously
in the other sensor's sectors, and based on detected
true signal intensities in one or more of the sectors,
it is possible to readily calculate the LOS direction
and/or LOS direction rates (based on relative signal
intensities in the cell that identified true signal)
and therefrom derive steering command update, all as
known r se.In accordance with certain embodiments, the
actual signal intensities that are used to calculate
the LOS direction and/or LOS direction rates data are
the most real time detected signals. Thus, with
reference to Fig. 5A, the signal intensities that will
be used to calculate the LOS direction and/or LOS
direction rates data are extracted from the last bulk
(8TH in Fig. 5A) or last few bulks (say 7TH and 8TH )
which represent more real time updated reflected
signal data compared to previous bulks such as the 1ST
and 2ND In accordance with certain embodiments, the
processing of some or all of the bulks (e.g. from the
second to the NTH bulk) does not necessarily require
processing of all I cells per bulk. Thus, by way of
non limiting example, only cells that are in the
vicinity of cells which identified a candidate signal
in the previous bulks are processed. For instance, if
cell #i of a given bulk identified a candidate signal,
then in the succeeding bulk only cells i-j  i i+j are
examined, since candidate signals are searched in the
vicinity of other candidate signals. Reverting now to
Fig. 4, the procedure (i.e. calculation of steering
command update) is repeated in respect of the next
update (415, 416), e.g. S2 in Fig. 5A processing in a
similar fashion the next 800 samples. The procedure is
repeated for the remaining 3 updates thereby achieving
5 updates per second. In accordance with certain
embodiments, as the intercepting platform approaches
the target, the signal intensity intensifies and it is
now desired to increase the number of updates per
second, e.g. n=20. By this example and assuming that K
is still 100 (during which the signal is not likely to
drift to neighboring cells), there are only two
available bulks, since 20 updates per second for 4000
samples, leaves 200 samples per update (i.e. S=200,
compared to 800 when 5 updates per second were
performed), and considering that K=IOO, it readily
arises that there are 2 bulks per update. In
accordance with certain embodiments, as the
intercepting platform approaches the target, the
Signal/Noise ratio inherently increases, and therefore
K can be reduced and/or the threshold in K can be
increased and/or N can be reduced and/or M can be
increased. For more updates per second, in accordance
with certain embodiments of the invention, the
procedure is performed in a similar fashion to that
described with reference to Fig. 4 above, except that
there are fewer bulks, as shown schematically inFig.
5C. By this example it may be determined that for N=2
and M is also 2. Note that as the platform approaches
the target, the number of faulty candidate signals is
likely to diminish, since the signal to noise ratio
inherently improves, giving rise to improved POD. Note
also that the enhancement factor of Signal/Noise is
diminished in the embodiment of Fig. 5C compared to
that of 5A since N is reduced from 8 to 2 (and
therefore the total improvement of Signal/Noise i.e. K
R reduces), however, 



this reduction in Signal/Noise enhancement is
compensated by the inherent better Signal/Noise ratio
of each received sampled signal, bearing in mind that
the intercepting platform is closer to the target
(compared to the situation that corresponds to Fig.
5A). The net effect would then be that despite the
lower Signal/Noise enhancement (due to lower R value),
the prospects of identifying faulty candidate signals
diminishes due to the better inherent Signal/Noise
ratio of each received signal. In accordance with
certain embodiments, due to the improved Signal/Noise
ratio of each received signal, and further bearing is
mind that K signals are processed (in non-coherent
integration) for identifying a candidate true signal,
the threshold for identifying candidate signal (see 37
and 38 in Fig. 3) is increased with the net effect
that signals that are identified as candidate signals
in the non-coherent integration phase are more likely
to be true signals rather than false alarms. In
accordance with certain embodiments, instead of
detecting true signals by analyzing separately the
matrix of each channel, the results are integrated and
only then true signal is sought. For a better
understanding of the foregoing, attention is drawn
again to Fig. 5A, exemplifying the intra bulk matrix
of channel A. In the previous embodiment, the M out of
N criterion was applied to the matrix of channel A and
separately for the matrices of the other respective
channels. In accordance with certain other
embodiments, the matrices of the respective channels
are logically ORed (for coping with the scenario that
the target "drifted" from a sector to a neighboring
sector), such that if a candidate signal is identified
in a matrix that corresponds to at least one of the
channels, this will be reflected in the integrated
matrix. Consider, for example, the 6TH bulk for the
9TH cell for channel A. As readily shown in Fig. 5A
(representing the matrix for channel A) no candidate
signal is detected (514). In accordance with the
current embodiments, if in one of the other channels
(B to D) the non-coherent integration for the 6TH bulk
for the 9TH cell gave rise to detection of candidate
signal, theresult in the integrated matrix would be 1
(i.e. detection of candidate signal), since the
results of the four matrices of the respective
channels were subjected to logical OR. Now, the M out
of N criterion is applied to the integrated matrix,
and in the case of match (i.e. M out of N candidate
signal are found), the signal intensities in the
respective channels are processed for determining the
LOS direction and/or LOS direction rates data. Note
that in accordance with certain embodiments, only data
from matrices that distinctly identified candidate
signals are evaluated for LOS direction and/or LOS
direction rate data determination. In accordance with
certain embodiments described with reference to Figs.
5A-C, the log history of number of bulks was modified
according to the number of updates per second, such
that the more the updates, the shorter the history log
(e.g. history log of 2 bulks for 20 updates per second
compared to 8 bulks for 5 updates per second). In
accordance with certain embodiments, and with
reference also to Fig. 5D, the history log does not
necessarily modify as a function of updates per
second. Thus, reverting to the example of 5 updates
and history log of 8 (bulks), if it is desired to
switch to higher update rate, say 40, this means that
every 25msec a new steering command update should be
calculated and triggered. As may be recalled, in the
latter example each bulk extends for 25msec (100
cycles of 250msec each). Thus, when the next bulk is
filled (i.e. the 5000 sampled signals are logged, all
as explained in detail above with reference also to
Fig. 5B, it is required to detect the true signal and
apply the 



specified LOS direction and/or LOS direction rates
calculations for generating a steering command. This
is clearly illustrated in Fig. 5D, where the first 8
bulks are identical to those depicted in Fig. 5A, and
the next (N+1) bulk 5000 is processed. Now the same
history log is processed, say 8 bulks starting from
bulk #2 until bulk #N+1, looking for M out of N
matches exactly as described with reference to the
various embodiments above. In case a match has been
encountered (M out of N), the true signal is detected
(for determining the angular error and angular error
rate) and thereform the steering command update. Now,
after additional 25msec, another bulk s available
(#N+2 5001 in Fig. 5D) and M out of N detections are
sought for bulks #3 to #N+2 (giving rise to a sliding
window), and so forth.In accordance with certain
embodiments, using a longer history for high update
rates increases the reliability of detection compared
to shorter history, since for example in shorter
history log, of say N=2, M can only be 2. In certain
embodiments M may be modified, statically or
dynamically, whichever the case may be, e.g. in the
case of improving Signal/Noise ratio, a better M out
of N ratio may be required. In accordance with certain
other embodiments, the history log can be modified
depending on various parameters and not necessarily
based on the number of updates per second. For
instance, in accordance with certain embodiments,
assuming that K is determined based on the foregoing
considerations (and achieving L/K Signal/Noise
enhancement), N is determined in order to achieve
pre-defined desired S Signal/Noise ratio (i.e. k  R),
notwithstanding the fact that S (i.e. K*N) is too
large to comply with the equation S*n=F. In other
words, the processing of S pulses will achieve desired
Signal/Noise ratio, but this at the penalty that the
desired number of updates (n) will not be achieved.
Thus, in accordance with certain embodiments, once S
pulses are processed and a link of M out of N
candidate signals are found (thereby detecting a true
signal), the most updated (real-time) candidate
signals intensities serve for calculating the LOS
direction and/or LOS direction rates, all as explained
in greater detail above. As the inherent Signal/Noise
ratio improves (e.g. by approaching the target), N can
be reduced (e.g. using shorter log history), and
higher update rates can be achieved, all as discussed
in detail above, with reference to various embodiments
of the invention. In other words, unlike previous
embodiments where the number of desired updates per
second n prescribed S (such that S"n=F) which, in
turn, prescribed the number of rows N (assuming by
this example fixed K value), then in accordance with
the latter embodiment S is not determined according to
n, but rather in order to maintain a desired
Signal/Noise enhancement of (i.e.  R )even if S (which
equals N"K) does not meet the provisions S*n=F, but
rather S*n>F (n being the desired updates per second).
The net effect is then that higher Signal/Noise ratio
is achieved at the cost of lower number of updates per
second. Note that the lower number of updates is
mainly relevant in the initial phase of pre-detecting
the target (i.e. before detecting true signal). Later
on, when true signal is detected, the update rate can
be increased drastically, e.g. every new processed
bulk allows another update.Those versed in the art
will readily appreciate that the numerical examples
provided with reference to Figs. 4 and 5 are given for
illustrative purposes only, and are by no means
binding. Those versed in the art will readily
appreciate that the invention is not bound by the used
of matrices as depicted in Fig. 5, which are provided
for 



convenience and illustrative purposes only. In
accordance with certain embodiments of the invention,
there is invoked a pre search phase of non-coherent
integration for n cells, say 4000 in the example
above, (instead of K=IOO as discussed in respect of
various embodiments above). As has been discussed
above, each cell that accommodates a signal rather
than noise should have a higher value (assuming that
the signal contributes higher value than noise). Thus,
a vertical summation of a given cell which includes a
signal is likely to have higher value than a vertical
summation of a cell that does not include a signal
component but rather only a noise. As has also
discussed above, the received signal will not "reside"
in the same vertical cell throughout the entire
duration of 1 second (that is composed of the 250m sec
of inter pulse duration multiplied by the n (4000)
intervals) and is likely to drift to neighboring
cells. Note that 1 second is an example only and the
duration can be longer or shorter, whichever the case
may be. Still, the number of vertical cells that are
"contaminated" by signal that drifts during the 1
second duration (being an example) is considerably
smaller than the total of I (5000) cells. In other
words, not the entire cells that encompass inter-pulse
duration (5000 by this example) need to be processed,
but rather cells that fall in a searchable time
interval that is less than the specified inter-pulse
time duration, should be considered. For instance,
consider Fig. 5A, where, as shown, the signal drifted
during Sl duration (800 inter-pulse durations) and
"contaminated" 8 groups of vertical cells (from cell
number 4 to 11) out of the I (5000) cells.
Extrapolating the specified behavior to 4000
inter-pulse durations, would amount to "contamination"
of 40 out of the 5000 (T) vertical cells, being an
example of the searchable time interval. In respect of
each of the specified cells, the non-coherent
integration is likely to give rise to higher summed
value compared to cells which did not include signal
component. Thus, by this example the specified
searchable time interval is determined based on a
non-coherent integration criterion, being in this
non-limiting example that the non-coherent integration
value islikely to give rise to higher value (within
the searchable time interval) compared to cells which
are non included in the searchable time interval. Note
that applying the specified non-coherent integration
is of low computational complexity and therefore can
be applied in realtime. A sum value graph is
illustrated schematically (only) as a graph
representation of Fig. 6, showing non-coherent sum
value (ordinate) vs. vertical cell number from 1 to I
(abscissa). The sum is of higher value in the few tens
of cells (e.g. from cell #4 to 45) (within the
searchable time interval), compared to a multitude of
other cells that fall into the inter-pulse time
duration. Note that even if there are spikes (i.e.
large value in other cells), due to higher noise
value, which seemingly look similar to a signal (not
shown in Fig. 6), this will occur in a sporadic
fashion and is not likely to extend over consecutive
cells, as is the case with the real signal. Having
identified the narrow range of cells in which the
signal is likely to fall (the searchable time
interval), there follows a subsequent phase, discussed
in detail with reference to Figs 1 to 5 above, for
identifying within the narrow range (say 45 cells
instead of 5000) the precise location of the signal,
and derive the required LOS related data. The
procedure would be of course considerably simpler and
faster, bearing in mind that the signal will be
located within very narrow range rather than 



sought across the entire I cells. The present
invention has been described with a certain degree of
particularity, but those versed in the art will
readily appreciate that various alterations and
modifications may be carried out, without departing
from the scope of the following Claims:CLAIMS: 1. A
system, comprising: a laser designator configured to
continuously designate a target with a pulsed laser
spot; a sensor and associated processing system
configured to receive a reflection of the laser spot,
convert the received energy to plurality of signals,
processing the signals for detecting at least one true
reflected signal and process at least one of the true
reflected signals for generating target related
action, and wherein said sensor and associated
processor are configured to detect said at least one
true signal notwithstanding an inherent low
Signal/Noise ratio of substantially below 4 of
received signals from among said plurality of signals
due to at least one factor selected from a group that
includes low pulse power of the laser designator and
distance to target. The laser designator according to
Claim 1, wherein said laser designator is configured
to generate high frequency pulses of at least 1 KHz
and low intensity pulses of energy of up to 10 MiIi
Jouls per pulse. 2. The system according to Claim 1,
wherein said sensor and associated processing system
are fitted in an intercepting platform. 3. The system
according to Claim 3, wherein said intercepting
platform being a missile. 4. The system according to
any one of the preceding Claims, wherein the laser
designator can be carried by a person or vehicle. 5.
The system according to any one of the preceding
Claims, wherein said processing said at least one true
signal for generating target related action includes
obtaining at least one of line of sight to the target
(LOS) related data and time of arrival related data.
6. The system according to Claim 6, wherein said LOS
related data includes at least one of LOS direction
and LOS direction rates. 7. The system according to
any one of the preceding Claims, wherein said pulse
width is smaller than 50h sec. 8. The system according
to any one of the preceding Claims, wherein said
target related action includes generating steering
commands for guiding an intercepting object onto the
target.9. The system according to any one of the
preceding Claims, wherein said target related action
includes measuring at least one of distance to target
and relative velocity between said laser designator,
target and said sensor . 10. The system according to
any one of the preceding Claims, wherein said target
related action includes displaying target related data
on a screen. 11. The system according to any one of
the preceding Claims, wherein said sensor and
associated processor are configured to detect said at
least one true signal including determining at least
one candidate true signal using non-coherent
integration. 12. The system according to Claim 12,
wherein said sensor and associated 



processor are configured to determine at least two
successive candidate signals and detect a true signal
if a link is found between at least two of said
candidate signals. 13. The system according to Claims
12 or 13, wherein said non-coherent integration for
determining a candidate signal includes summing K
signals for a time duration that does not exceed a
maximal time duration during which the expected time
receive signal retains substantially invariable to an
inter-pulse time duration. 14. The system according to
Claim 14, wherein said maximal time duration does not
exceed K pulses, where K complies with the following
equation: K (K MAX ) wherein: K AX=Ct/ V T where, C is
the speed of light, is the width of a sampling cell T
is an inter-pulse time duration V the relative
velocity between the laser designator, target and said
sensor. 15. The system according to any one of Claims
12 to 15, wherein a time duration between consecutive
pulses generated in the laser designator constitutes
an inter-pulse time duration, and wherein said
inter-pulse time duration T is divided into plurality
of / cells each having time duration that
substantially matches the width of a pulse as received
and processed by the sensor; and wherein said sensor
and associated processor are configured to sample and
store in eachcell a sampled signal value which may be
a sought true signal, a noise or combination thereof.
16. The system according to claim 16, wherein said
non-coherent integration includes summing K signal
values in corresponding vertical cells, each being the
iTH cell from among said / cells, and comparing the
summed signals to a given threshold in order to give
an indication whether the summed signal is a summed
candidate true signal or summed noise. 17. The system
according to any one of the Claims 13 to 17, wherein
said sensor and associated processor are configured to
process N bulks of candidate signals and detect a true
signal in case a link is found in M< N candidate
signals. 18. The system according to any one of the
preceding Claims, wherein said sensor and associated
processor are configured to provide target related
action at n updates per second and wherein said
processing of received signals for detecting true
signal is configured to extend for up to -sec per
update. n 19. The system according to any one of
Claims 13 to 19, wherein said sensor and associated
processor are configured to process N bulks of
candidate true signals each being subject to
non-coherent integration of K signals, where a given
Signal/Noise ratio enhancement is achievable by a
factor of K compared to a Signal/Noise ratio of a
single converted signal due to intra-bulk non coherent
integration, and further assuming a desired
Signal/Noise ratio enhancement compared to the
Signal/Noise ratio of a single converted signal, then
said N is selected such that K  R > said desired
Signal/Noise ratio, where R being a value
substantially up to V . 



20. The system according to any one of Claims 13 to
20, wherein after having detected a true signal, said
sensor and associated processor are configured to
provide a new update of target related action if a
candidate true signal is found in a current bulk of K
signals and said link is found among M of N bulks,
where N includes the current bulk. 21. The system
according to claim 21, wherein a log history of N
bulks is maintained, such that every new bulk added to
the log entails erasing of the oldest bulk in the log,
giving rise to a sliding window log history.22. The
system according to any one of the preceding Claims,
wherein said sensor includes at least two sectors and
wherein said true signal is calculated from candidate
signal indications calculated in at least one of said
sectors. 23. The system according to any one of the
preceding Claims, wherein a sampling clock of the
received signal in the sensor and a generation clock
of the pulses in the laser designator are not
synchronized. 24. The system according to any one of
the preceding Claims wherein relative velocities of
the target, the sensor and the laser designator are
not known. 25. The system according to any one of the
preceding Claims, wherein said laser designator being
a fiber optics laser designator. 26. The system
according to any one of the preceding Claims, wherein
said detecting stage extends to inter-pulse time
duration. 27. The system according to any one of
Claims 1 to 26, wherein said detecting stage extends
to a searchable time interval being less than
inter-pulse time duration. 28. The system according to
Claim 28, wherein said searchable time interval is
determined based on non-coherent integration value
criterion. 29. For use with the system according to
any one of the preceding Claims , a sensor and
associated processing system configured to receive a
reflection of the laser spot, convert the received
energy to plurality of signals, processing the signals
for detecting at least one true reflected signal and
processing at least one of the true reflected signals,
for generating target related action, and wherein said
sensor and associated processor are configured to
detect said at least one true reflected signal
notwithstanding an inherent low Signal/Noise ratio of
substantially below 4 of received signals from among
said plurality of signals due to at least one factor
selected from a group that includes the low pulse
power of the laser designator and distance to target.
30. A method for designating a target and in response
generating a target related action, comprising:
designating a target with a pulsed laser spot;
receiving a reflection of the laser spot; converting
the received energy to plurality of a signals,
processing the signals for detecting at least one true
reflected signal notwithstanding an inherent low
Signal/Noise ratio of substantially below 4 of
receivedsignals from among said plurality of signals
due to at least one factor selected from a group that
includes the low pulse power and distance to target;
and processing at least one of the true reflected
signals for generating target related action. 31. A
system, comprising: a laser designator configured to
continuously designate a target with a pulsed 



laser spot; a time duration between consecutive pulses
generated by said laser designator constitutes an
inter-pulse time duration that is divided into
plurality of / cells each having time duration that
substantially matches a width of a pulse as received
and processed by a sensor and associated processing
system; the sensor and associated processing system
are configured to receive a reflection of the laser
spot, convert the received energy into a plurality of
sampled signals, and store in each cell a sampled
signal value which may be a sought true signal, a
noise or combination thereof; the sensor and
associated processing system are configured to discern
between signal and noise for detecting a true
reflected signal including applying non-coherent
integration of sampled signals. 32. The system
according to Claim 32, wherein the sensor and
associated processing system are configured to detect
said true reflected signals among cells that extend to
inter-pulse time duration. 33. The system according to
Claim 32, wherein the sensor and associated processing
system are configured to detect said true reflected
signal among J cells that extend to a searchable time
interval that is substantially smaller than said
inter-pulse duration. 34. The system according to
Claim 34, wherein said sensor and associated
processing system are configured to determine said
searchable time interval that is substantially smaller
than said inter-pulse duration, by applying
non-coherent integration to / group of vertical cells
and determine J<I groups of vertical cells which meet
a criterion. 35. The system according to Claim 35,
wherein said criterion being that a non-coherent
integration value of any of said J vertical groups is
higher than the non-coherent integration value of
other vertical groups from among said / vertical
groups.36. The system according to any one of Claims
32 to 36, wherein said sensor and associated processor
are configured to process the true signal for
generating target related action. 37. The system
according to Claim 17, wherein a log signal value is
maintained, such that every new signal value added to
the log entails erases the oldest signal value in the
log, giving rise to a sliding window log history. 


