
111111111111111111111111111111111 * 59159* - 1 - Electronic circuitry and
method for determination of amplitudes of - received signals 5 FIELD OF THE
INVENTION      This invention relates to DSP-based systems, and in
particular, to a method and an electronic circuitry for determination of
amplitudes of received signals. 10 BACKGROUND OF THE INVENTION       In
Digital Signal Processing (DSP) based systems, a dynamic range of a system
is defined as a ratio of the largest amplitude of processing signal to the
smallest amplitude of processing signal, and can be estimated by utilizing
the following equation Dynamic Range (dB) = 20logio(2N) r4-,' 6.02N, where
N 15 represents the data word length of the analog-to-digital (AD)
converter or the digital signal processor.       One of the problems
associated with DSP-based systems is "overload," or saturation that can
occur when amplitude of the processing signal exceeds a border of the
dynamic range of the system. Such a border is usually referred to as 20a
saturation level. For example, monopulse antenna systems may employ various
amplitude comparison methods for direction finding (see, for example, U.S.
Pat. No. 4,926,184 to Galati, etc.). Such systems are adapted to
simultaneously emit radar pulses toward a target object from two antennas
of different directionality and to 25 find the direction of the target
object from comparison of radiation patterns obtained. When one or both
antennas are close to the targets, the amplitudes of 



received signals can exceed the saturation level of the dynamic range of
the 111111111E011111111111111111111111111 *G00002*  - 2 - receiver. As a
result of the exceeding of the receiver's saturation level, any directional
information can be lost. SUMMARY OF THE INVENTION        There is a need in
the art and, and it would be useful to have a method and 5 an electronic
circuitry for determination of an amplitude of a received signal having
amplitude above the saturation level.      The present invention satisfies
the aforementioned need by providing a method for generating an output
signal representing an actual amplitude of a received digitized signal
having a magnitude A, of the actual amplitude equal or to greater than a
value of a saturation level L of a dynamic range of a receiver. The method
includes calculating a total number N,0 of samples of the received
digitized signal within a predetermined time interval, and calculating a
number Ns of samples of the received digitized signal with the amplitude
equal to the saturation level within this predetermined time interval. The
method further 15 includes calculating a ratio Rs between the number Ns of
the samples with the amplitude value equal to the saturation level and the
total number N,0 of the samples. Then, a predetermined relationship between
the magnitude of the amplitude and the ratio R, can be used for determining
the magnitude of the actual amplitude. Finally, the output signal
representing said actual amplitude 20 can be provided.       The present
invention satisfies the aforementioned need by providing a calculating
circuit configured for generating an output signal representing an actual
amplitude of a received digitized signal having a magnitude A, of the
actual amplitude equal or greater than a value of a saturation level L of a
dynamic 25 range of a receiver. The calculating circuit includes a sample
calculator circuit configured for calculating a total number N101 of
samples of the received digitized signal and a number N, of samples of the
received digitized signal with the amplitude equal to the saturation level
within a predetermined time interval.  - 3 -       The calculating circuit
further includes a divider circuit configured for calculating a ratio Rs
between the number N, of the samples with the amplitude value equal to the
saturation level and the total number Num of the samples. Finally, the
calculating circuit further includes an amplitude calculator circuit 5
configured for applying a predetermined relationship between the magnitude
of the amplitude and the ratio Rs, thereby determining the magnitude of the
actual amplitude and providing the output signal representing the actual
amplitude. 



According to one embodiment of the invention, the predetermined
relationship is represented by the following equation: ( 10= 20log10  le"
z sin(- (1- Rs) 2     



where the magnitude of the actual amplitude is measured in decibels (dB).
According to another embodiment of the invention, the predetermined
relationship is presented as a reference curve provided for a required
saturation level L. Such a reference curve defines a dependence of the
actual amplitude on 15 the ratio Rs for this saturation level L. It should
be understood that the reference curve can be presented as a look-up table
stored in a memory circuit and provided for a required number of saturation
levels L.      The present invention further satisfies the aforementioned
need by providing a program storage device readable by machine, tangibly
embodying a 20 program of instructions executable by the machine to perform
method steps for generating an output signal representing an actual
amplitude of a received digitized signal having a magnitude As of the
actual amplitude equal or greater than a value of a saturation level L of a
dynamic range of a receiver, the method steps comprising: 25selecting a
predetermined time interval;      calculating a total number N101 of
samples of the received digitized signal within said predetermined time
interval;  - 4 -      calculating a number Ns of samples of the received
digitized signal within said predetermined time interval with the amplitude
equal to the saturation level;      calculating a ratio R, between the
number Ns of the samples with the amplitude value equal to the saturation
level and the total number N101 of the 5 samples; and      applying a
predetermined relationship between said magnitude of the amplitude and said
ratio Rs for determining said magnitude of the actual amplitude; providing
said output signal representing said actual amplitude. 10  The present
invention further satisfies the aforementioned need by providing a computer
program product comprising a computer useable medium having computer
readable program code embodied therein for generating an output signal
representing an actual amplitude of a received digitized signal having a
magnitude A, of the actual amplitude equal or greater than a value of a 15
saturation level L of a dynamic range of a receiver, the computer program
product comprising: 



computer readable program code for causing the computer to select a
predetermined time interval;          computer readable program code for
causing the computer to calculate a 20 total number A101  of samples of the
received digitized signal within said predetermined time interval;
computer readable program code for causing the computer to calculate a
number N of samples of the received digitized signal within said
predetermined time interval with the amplitude equal to the saturation
level; 25computer readable program code for causing the computer to
calculate a ratio Rs between the number Ns of the samples with the
amplitude value equal to the saturation level and the total number 1?1101
of the samples; and          computer readable program code for causing the
computer to apply a predetermined relationship between said magnitude of
the amplitude and said 30 ratio R, for determining said magnitude of the
actual amplitude;  - 5 -       computer readable program code for causing
the computer to provide said output signal representing said actual
amplitude.       There has thus been outlined, rather broadly, the more
important features of the invention in order that the detailed description
thereof that follows 5 hereinafter may be better understood. Additional
details and advantages of the invention will be set forth in the detailed
description, and in part will be appreciated from the description, or may
be learned by practice of the invention. BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the invention and to see how it may be carried out
10 in practice, a preferred embodiment will now be described, by way of
non-limiting example only, with reference to the accompanying drawings, in
which:       Figs. la-id show exemplary simulated data selected after AD
conversion of time-varying signals all having one predetermined frequency
and sampling rate, but different maximal amplitude values, respectively;
15Figs. 2a-2d show exemplary simulated data selected after AD conversion of
time-varying signals different from signals shown in Figs. la-id in the
fact that they having another predetermined frequency than the signals
shown in Figs. la-Id;        Fig. 3 shows an example of the dependence of
the ratio between the 20 number of the samples with the amplitude value
equal to the saturation level and the total number of the samples on the
frequency; 



Fig. 4 shows an exemplary relationship between an actual amplitude As of
the received signal and the ratio between the number of the samples with
the amplitude value equal to the saturation level and the total number of
the samples 25 represented as a reference curve; and       Fig. 5 shows an
exemplary schematic block diagram of a calculating circuit configured for
determining an actual amplitude of a received digitized signal having a
magnitude equal or greater than a value of a saturation level of a dynamic
range of a receiver.  - 6 - DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
The principles and operation of the calculating circuit according to the
present invention may be better understood with reference to the drawings
and the accompanying description, it being understood that these drawings
and examples in 5 the description are given for illustrative purposes only
and are not meant to be limiting.      Some portions of the detailed
descriptions, which follow hereinbelow, are presented in terms of
algorithms and symbolic representations of operations on data represented
as physical quantities within registers and memories of a computer 10
system. An algorithm is here conceived to be a sequence of steps requiring
physical manipulations of physical quantities and leading to a desired
result. Usually, although not necessarily, these quantities take the form
of electrical or magnetic signals capable of being stored, transferred,
combined, compared, and otherwise manipulated. In the present description,
these signals will be referred to as values, 15 magnitudes, elements,
symbols, numbers, or the like. Unless specifically stated otherwise,
throughout the description, utilizing terms such as "processing" or
"computing" or "calculating" or "determining" or "generating" or the like,
refer to the action and processes of an electronic calculating circuit or a
computer system or similar electronic computing device, that manipulates
and transforms data. 20 Referring to Figs. la-id, a digitized
representation of exemplary time-varying signals generated by simulation is
illustrated. The signals include a certain normal noise component and have
frequency of 27 MHz and sampling rate of 1 GHz for 8-bit samples. The
saturation level L of the dynamic range of a receiver is selected to be
31.6 dB. Specifically, Fig. la shows the signal when the 25 maximal
amplitude of the data words in the signal is equal to the saturation level
of the dynamic range of the receiver. In turn, Figs. lb-lc illustrate a
digitized representation of signals hiving the frequency similar to that of
the signal shown in Fig. la (i.e. 27 MHz), but having actual amplitude of
the data words greater than the saturation level of the dynamic range of
the receiver by 10 dB, 20dB and  -7- 30  db, respectively. The receiver is
saturated during saturation time periods, i.e., when the actual amplitude
of the signal is greater than the saturation level.      For a
predetermined time interval T, a number N, of the data samples located
within the saturation periods and, having amplitudes equal to the 5
saturation level L has a certain value. In particular, for the example
shown in Fig. la, for the time interval T of 800 ns, the number N, of the
data samples with the amplitude equal to the saturation level Ls is equal
to 57. Accordingly, a ratio R, between the number N, of the samples with
the amplitude value equal to the saturation level and the total number No,
of the samples within the time interval T 



10is equal to 0.071 (i.e., R,= Ns/Nog= 57/800 0.071).      In the cases
shown in Figs. lb-lc, the samples with the amplitude greater than the
magnitude of saturation level L will be located within the saturation
level. Accordingly, for the same predetermined time interval T, the number
N, of the samples located within to the saturation level will be greater
than such a 15 number in the case shown in Fig. la. In particular, for the
example shown in Fig. lb, this number Ns is equal to 635. Accordingly, the
ratio R, between the number N, of the samples with the amplitude value
equal to the saturation level and the total number N, of the samples within
the time interval T (i.e., R, = NIN",) is equal to 0.794. Likewise, for the
examples shown in Fig. lc and Fig. 20id, the values of Rs= N//V,," are
equal to 0.938 and 0.980, respectively.      Referring to Figs. 2a - 2d, a
digitized representation of signals which are different in frequency from
the signals shown in Figs. la-id is illustrated. Specifically, the
frequency of 47 MHz has been selected, whereas the same sampling rate of 1
GHz has been maintained for all these cases. Fig. 2a shows the signal when
the actual amplitude of the data words in the signal is equal to the
saturation level of the dynamic range of the receiver, whereas Figs. 2b-2c
illustrate a digitized representation of the signals having the actual
amplitude of the signal greater than the saturation level of the dynamic
range of the receiver by 10 dB, 20dB and 30 db, respectively.  - 8 -
The number N, of the data samples with the amplitude value equal to the
saturation level L for the cases corresponding to Figs. 2a - 2d is equal to
47, 638, 749 and 784, respectively. Accordingly, the ratio R, between the
number N, of the samples with the amplitude value located within the
saturation level and the total number N101 of the samples within the time
interval T is equal to 0.059, 0.797, 0.936 and 0.98, respectively.      It
was found that for the cases when the actual amplitudes of the samples are
greater than the saturation level, the values of the ratio R, depend
insignificantly on the frequency of the signal. For example, the dependence
of 10 the ratio R, on the frequency for the case when the actual amplitude
of the data words exceeds the saturation level of the dynamic range of the
receiver by 30 db is shown in Fig. 3. As can be seen, the value of the
ratio R, is centered around the value of 0.98 for all the frequencies in a
rather broad set of frequencies located in the region of 5 MHz to 495 MHz
with the increment of 5 MHz. 15According to the present invention, the
knowledge of the ratio R, provides a possibility to determine actual
amplitude of the signal when the magnitude of this amplitude is greater
than the saturation level.      Thus, the present invention provides a
method for determination of an actual amplitude of a received digitized
signal having a magnitude A, of the 20 actual amplitude equal or greater
than a value of a saturation level L of a dynamic range of a receiver. The
method includes calculating a total number N101 of samples of the received
digitized signal within a predetermined time interval. Likewise, the method
includes calculating a number N, of samples of the received digitized
signal with the amplitude equal to the saturation level within 25 this
predetermined time interval. In other words, the number N, is calculated
during the saturation time periods when the actual amplitude of the signal
is equal or greater than the saturation level L. The method further
includes calculating the ratio Rs between the number N, of the samples with
the amplitude equal to the saturation level and the total 30 number Ar,,,
of the samples. Then, a predetermined relationship between the 



- 9 - magnitude of the actual amplitude and the ratio Rs can be used for
determining the magnitude of the actual amplitude. Finally, the output
signal representing the actual amplitude As can be provided.
According to one embodiment of the invention, the predetermined 5
relationship is represented by the following equation: ( = 201oglo  10G /
20  (1)        sin(Lr (1- R) ?2s   



where the magnitude of the actual amplitude is measured in decibels (dB).
Thus, the actual amplitude As can be obtained by substituting a required
value for L and a calculated value for Rs into Eq. (1). 10According to
another embodiment of the invention, the predetermined relationship can be
presented as a reference curve provided for a required saturation level L.
Fig. 4 shows such a relationship represented as a reference curve that
defines a dependence of the actual amplitude As on the ratio R. The actual
amplitude As is provided on the ordinate-axis as As = L+ AA, where the 15
increment dA equals 10 dB. As can be seen in Fig. 4, the method can be used
for determination of actual amplitudes up to the magnitude of L+50 dB. When
the "oversaturation" exceeds 50dB, almost all the samples are located
within the saturation time periods and the ratio R, r=11. After
determination, the magnitude of the actual amplitude can be 20 provided to
the corresponding device for a required application. When desired, the
calculated amplitude can be stored in a memory unit of the device for
utilization in future applications. For example, the algorithm of the
present invention for calculation of actual amplitudes can be used in
various amplitude comparison methods for direction finding. 25Referring to
Fig. 5, a non-limiting exemplary schematic block diagram of a calculating
circuit 50 configured for generating an output signal representing an
actual amplitude of a received digitized signal having a magnitude As of
the actual amplitude equal or greater than a value of a saturation level L
of a dynamic  - 10 - range of a receiver (not shown) is illustrated. It
should be noted that the blocks in Fig. 5 are intended as functional
entities only, such that the functional relationships between the entities
are shown, rather than any physical connections and/or physical
relationships. 5The calculating circuit 50 includes a sample calculator
circuit 51 configured for receiving the digitized signal and calculating a
total number N101 of samples of the received digitized signal within a
predetermined time interval. The sample calculator circuit 51 can be also
adapted for calculation of a number N, of samples of the received digitized
signal located in the saturation intervals. 10 Although these samples may
have actual amplitudes greater than the saturation level within the
predetermined time interval, the apparent value of these samples in the
saturation time periods will be equal to the saturation level L, owing to
the saturation. 



The calculating circuit 50 further includes a divider circuit 52 configured
15 for calculating a ratio Rs between the number N, of the samples located
with the saturation time periods and the total number Nu), of the samples.
Finally, the calculating circuit further includes an amplitude calculator
circuit 53 configured for applying a predetermined relationship between the
magnitude of the amplitude and the ratio Rs, thereby determining the
magnitude of the actual 20 amplitude and providing the output signal
representing the actual amplitude.       According to one embodiment of the
invention, the amplitude calculator circuit 53 can utilize a predetermined
relationship in the form of Eq. (1).       According to another embodiment
of the invention, the predetermined relationship is presented as a
reference curve provided for a required saturation 25 level L. Such a
reference curve defines a dependence of the actual amplitude on the ratio
Rs for this saturation level L. For example, the reference curve can be
represented as a look-up table stored in a memory circuit 54 of the
calculating circuit 50 and provided for a required number of saturation
levels L.           As such, those skilled in the art to which the present
invention pertains, 30 can appreciate that while the present invention has
been described in terms of  preferred embodiments, the concept upon which
this disclosure is based may readily be utilized as a basis for the
designing of other structures, systems and processes for carrying out the
several purposes of the present invention. It will also be understood that
the system according to the invention may be 5 a suitably programmed
computer. Likewise, the invention contemplates a computer program being
readable by a computer for executing the method of the invention. The
invention further contemplates a machine-readable memory tangibly embodying
a program of instructions executable by the machine for executing the
method of the invention. 0Also, it is to be understood that the phraseology
and terminology employed herein are for the purpose of description and
should not be regarded as limiting.      It should be noted that the word
"comprising" as used throughout the appended claims is to be interpreted to
mean "including but not limited to". 15 It is important, therefore, that
the scope of the invention is not construed as being limited by the
illustrative embodiments set forth herein. Other variations are possible
within the scope of the present invention as defined in the appended claims
and their equivalents.  - 12 - CLAIMS: 



1.A method for generating an output signal representing an actual
amplitude of a received digitized signal having a magnitude As of the
actual amplitude equal or greater than a value of a saturation level L of a
dynamic range 5 of a receiver, comprising: selecting a predetermined time
interval;      calculating a total number Nwt of samples of the received
digitized signal within said predetermined time interval; calculating a
number N, of samples of the received digitized signal within 10 said
predetermined time interval with the amplitude equal to the saturation
level;      calculating a ratio Rs between the number N, of the samples
with the amplitude value equal to the saturation level and the total number
N10, of the samples; and        applying a predetermined relationship
between said magnitude of the 15 amplitude and said ratio 120 for
determining said magnitude of the actual amplitude; providing said output
signal representing said actual amplitude. 2.The method of claim 1, wherein
said predetermined relationship is the 20 following equation:     = 20logio
1 old" 



sin(7-r- (1 - Rs) 2       where said magnitude of the actual amplitude is
measured in decibels (dB). 3.The method of claim 1, wherein said
predetermined relationship is a 25 reference curve provided for a required
saturation level L, defining a dependence of the actual amplitude on the
ratio Rs for this saturation level L. 



- 13 - 4.The method of claim 2, wherein said predetermined relationship is
a reference curve provided for a required saturation level L, defining a
dependence of the actual amplitude on the ratio Rs for this saturation
level L. 5 5.A calculating circuit for generating an output signal
representing an actual amplitude of a received digitized signal having a
magnitude As of the actual amplitude equal or greater than a value of a
saturation level L of a dynamic range of a receiver, comprising: a sample
calculator circuit configured for receiving the digitized signal, to and
calculating a total number N,,, of samples of the received digitized signal
and a number N, of samples of said received digitized signal with the
amplitude equal to the saturation level within a predetermined time
interval;        a divider circuit configured for calculating a ratio Rs
between the number N, of the samples with the amplitude value equal to the
saturation level and the 15 total number N,,, of the samples;      an
amplitude calculator circuit configured for applying a predetermined
relationship between said magnitude of the amplitude and said ratio Rs for
determining said magnitude of the actual amplitude and providing said
output signal representing said actual amplitude. 20 6.The calculating
circuit of claim 4, wherein said predetermined relationship is the
following equation: ( 10L / 20 sin(f-(1-R,) 2' where said magnitude of the
actual amplitude is measured in decibels (dB). 



25  - 14 - provided for a required saturation level L, said look-up table
defining a dependence of the actual amplitude on the ratio Rs for this
saturation level L.    8. The calculating circuit of claim 6, wherein said
predetermined 5 relationship is presented as a look-up table stored in a
memory circuit and provided for a required saturation level L, said look-up
table defining a dependence of the actual amplitude on the ratio Rs for
this saturation level L. 9. A program storage device readable by machine,
tangibly embodying a 10 program of instructions executable by the machine
to perform method steps for generating an output signal representing an
actual amplitude of a received digitized signal having a magnitude As of
the actual amplitude equal or greater than a value of a saturation level L
of a dynamic range of a receiver, the method steps comprising: 15selecting
a predetermined time interval;      calculating a total number N,", of
samples of the received digitized signal within said predetermined time
interval;      calculating a number N, of samples of the received digitized
signal within said predetermined time interval with the amplitude equal to
the saturation level; 20 calculating a ratio Rs between the number N, of
the samples with the amplitude value equal to the saturation level and the
total number N,0, of the samples; and        applying a predetermined
relationship between said magnitude of the amplitude and said ratio Rs for
determining said magnitude of the actual 25 amplitude; providing said
output signal representing said actual amplitude.    10. A computer program
product comprising a computer useable medium having computer readable
program code embodied therein for generating an 30 output signal
representing an actual amplitude of a received digitized signal  - 15 - 



having a magnitude As of the actual amplitude equal or greater than a value
of a saturation level L of a dynamic range of a receiver, the computer
program product comprising:           computer readable program code for
causing the computer to select a 5 predetermined time interval;
computer readable program code for causing the computer to calculate a
total number N101 of samples of the received digitized signal within said
predetermined time interval;          computer readable program code for
causing the computer to calculate a 10 number Ns of samples of the received
digitized signal within said predetermined time interval with the amplitude
equal to the saturation level;       computer readable program code for
causing the computer to calculate a ratio Rs between the number N of the
samples with the amplitude value equal to the saturation level and the
total number N101 of the samples; and 15computer readable program code for
causing the computer to apply a predetermined relationship between said
magnitude of the amplitude and said ratio Rs for determining said magnitude
of the actual amplitude;       computer readable program code for causing
the computer to provide said output signal representing said actual
amplitude. 20 25 


