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Navy Case No. 76836 

SYSTEM FOR ASSESSING STOCHASTIC PROPERTIES OF SIGNALS 

REPRESENTING THREE TTEMS OF MUTUALLY ORTHOGONAL 

MEASUREMENT INFORMATION 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured by or for 

the Government of the United States of America for Governmental 

purposes without the payment of any royalties thereon or 

therefor. 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

The instant application is related to U.S. Patent 

Application entitled Serial No. 08/412,260 SYSTEM AND METHOD FOR 

PROCESSING SIGNALS TO DETERMINE THEIR STOCHASTIC PROPERTIES (Navy 

Case No. 76119). 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates generally to the field of systems and 

methods for performing digital signal processing operations in 

connection with signals and more particularly to systems and 

methods for characterizing signals to determine their stochastic 

properties, that is, to determine whether they are random.  More 

particularly it relates to a system for performing this function 
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of characterizing signals that represent information, which in 

turn is representable as a composite of three component items of 

mutually orthogonal measurement information.  If the signals are 

random, they may be determined to constitute noise, in which case 

additional signal processing efforts which might be undertaken to 

process the signals to extract information therefrom can be 

avoided.  Stated another way, the system and method allows a 

determination to be made of the extent to.which a pattern of data 

items, or sample points representing three dimensions of 

measurement information conforms to a random structure of data. 

(2) Description of the Prior Art 

In a number of applications in which three mutually 

orthogonal items of measurement information undergo processing, 

it is desirable to be able to determine the likelihood that a 

signal is random.  For example, an acoustic signal, received in 

an ocean environment, may constitute noise alone, or it may 

include some useful "information" along with a background noise. 

If the signal constitutes noise alone, its amplitude will be 

random, but if it includes information it will not be random and 

further processing may be useful to identify the information.  In 

some prior art signal processing systems, it is assumed that 

three mutually orthogonal items of useful measurement 

information are present in the signal, and the signal is 

processed to try to extract this intelligence.  It may be the 

case that the noise level of a received signal is so great that 

the information cannot be extracted and the processing effort 



1 will be wasted in any event.  It is accordingly desirable to be 

2 able to determine the likelihood that a signal constitutes only 

3 noise, or if it also includes three mutually orthogonal items of 

4 measurement information so that a determination can be made as to 

5 whether processing of the signal to extract the information would 

6 be useful. 

7 

8 SUMMARY OF THE INVENTION 

9 It is therefore an object of the invention to provide a new 

10 and improved signal processing system for processing signals 

11 which may contain useful information comprised of three mutually 

12 orthogonal items of measurement information to determine the 

13 stochastic (random) properties of the signals. 

14 in brief summary, the signal processing system processes a 

15 digital signal, generated in response to an analog signal which 

16 includes a noise component and possibly also another component 

17 consisting of three mutually orthogonal items of measurement 

18 information.  An information processing sub-system receives the 

19 digital signal and processes it to extract the information 

20 component.  A noise likelihood determination sub-system receives 

21 the digital signal and generates a random noise assessment 

22 indicative of whether the digital signal comprises solely random 

23 noise, and also a degree-of-randomness assessment indicative of 

24 the degree to which the digital signal comprises solely random 

25 noise.  The operation of the information processing sub-system is 

26 controlled in response one or both of these assessments.  The 
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information processing system is illustrated as combat control 

equipment for submarine warfare, which utilizes a sonar produced 

by a towed linear transducer array, and whose mode of operation 

employs three mutually orthogonal items of measurement 

information comprising:  (i) clock time associated with the 

interval of time over which the sample point measurements are 

taken, (ii) conical angle representing bearing of a passive sonar 

contact derived from the signal produced by the towed array, and 

(iii) a frequency characteristic of the sonar signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is pointed out with particularity in the 

appended claims.  The above and further advantages of this 

invention may be better understood by referring to the following 

description taken in conjunction with the accompanying drawings, 

in which: 

FIG. 1 is a functional block diagram of a an organization 

for processing a signal which may contain information comprised 

of three items of mutually orthogonal measurement information, 

constructed in accordance with the invention; 

FIGS. 2A and 2B together comprise a flow chart depicting the 

operations of the system depicted in FIG. 1; and 

FIG. 3 is a perspective view diagrammatically representing a 

succession of non-overlapping,' three-dimensional sample regions 

symbolic depicted as cubical volumes, each containing a 

population of sample point measurements. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention provides a signal processing system 10 

including a noise likelihood determination sub-system 11 

constructed in accordance with the invention.  FIG. 1 is a 

functional block diagram of the signal processing system 10. 

With reference to FIG. 1, the signal processing system 10 

includes, in addition to the noise likelihood determination sub- 

system 11, an input sub-system 12, an information processing sub- 

system 13 and an output 14.  Input sub-system 12 includes one or 

more analog transducers, and performs a front end processing 

function that provides a digital output signal which represents 

three mutually orthogonal items of measurement information.  The 

transducer receives the signal, which is in acoustic, electrical, 

electromagnetic or other form and converts it to preferably 

digital form for processing.  For example, sub-system 12 may be 

embodied as sonar array transducer equipment including a front 

end processing stage for feeding digital data to a sub-system 13 

embodied as a combat control equipment for a naval submarine. 

The signal provided by sub-system 12 may be a multiplexed signal 

representing three-dimensions of measurement information related 

to a passive sonar acoustic signal which emanates from a sonar 

contact and which is received by one or more analog transducer 

arrays, including a linear transducer array towed behind the 

submarine.  Such input subsystem 12 may process the received 

acoustic signal to provide a multiplexed digital output of items 

of data (sometimes hereinafter and in the appended claims 
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referred to as »sample points" or simply »points») comprised of a 

signal components representative of (i) clock-times associated 

with the intervals of time during which the measurement samples 

are generated, (ii) signal power in a sector of conical angle 

representing bearing of the contact, and (iii) signal power in a 

sector or "frequency bin" of the spectral density distribution 

function of the acoustic signal.  The information.processing sub- 

system 13 performs conventional signal processing operations, 

such as adaptive and other filtering, to extract this information 

component from the digital signal.1 In accordance with the 

invention, the noise likelihood determination sub-system 11 

determines the likelihood that the signal is solely noise, and 

also provides an assessment of the degree to which the incoming 

signal is composed of noise.  This information will determine 

whether sub-system 13 will provide a useful result. 

The operations performed by the noise likelihood 

determination sub-system 11 will be described in connection with 

the flowcharts in FIG. 2A and 2b.  Generally, the noise 

likelihood determination sub-system 11 performs several tests in 

connection with digital signal sample points. Each digital signal 

sample point, or simply "point", within each population comprises 

one of a series of composite digital signals, with each composite 

signal containing components representing three mutually 

orthogonal items of measurement information.  For example, the 

sample point may be in the form of a multiplexed message 

containing three components, each representing one of the 
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measurement information items.  Each sample point is generated in 

a symbolic three-dimensional aperture defined, for example, by a 

selected repetitive interval of time.  In turn, each signal 

sample point is one of a series of such points in a selected 

population of "N" points.  In the aforesaid example in which sub- 

system 13 is embodied as submarine combat control equipment, the 

characteristic of mutual orthogonality of the three items of 

measurement information is an inherent characteristic rooted in 

the nature of the fire control or contact tracking problems being 

solved by sub-systems 12 and 13.  The series of spatial apertures 

used in generating the various populations may be overlapping or 

non-overlapping.  FIG. 3 is a perspective view in which the 

round, black dots diagrammatically represents a sequence of 

digital data points, each representing a signal sample point 

taken at successive  intervals in time.  The "x" axis (which in 

the perspective view of FIG. 3 is the horizontal axis) represents 

clock time and the location of a black dot relative thereto 

represents the time of occurrence of a spatial aperture.  More 

particularly, it is a Cartesian representation of the instant of 

clock time of occurrence of some event (such as end time) of the 

interval of time which generates the spatial aperture.  Clock 

time constitutes one of three mutually orthogonal items of 

measurement information diagrammatical depicted in FIG. 3.  The 

"y" axis (vertical axis in the perspective view) provides a 

Cartesian representation of the relationship of a another of the 

three mutually orthogonal items of measurement information.  The 



1 "z" axis (axis perpendicular to the plane of the "x" and "y" axis 

2 in the perspective view) provides a Cartesian representation of a 

3 third of the three mutually orthogonal items of measurement 

4 information.  Successive populations of "N" signal sample points 

5 data are represented by successive cubical volumes 

6 (diagrammatically indicated in FIG. 3), or regions, of symbolic 

7 three-dimensional space. 

8 With reference again to the flow chart of FIG. 2, the noise 

9 likelihood determination sub-system 11 will initially record the 

10 digital values represented by the various sample points, such as 

11 shown in FIG. 3, for analysis (step 100) and identify the number 

12 of populations of sample points to be analyzed (step 101) . 

13 The noise likelihood determination sub-system 11 then 

14 proceeds to a series of iterations, in each iteration selecting 

15 one sample point population and generating several metrics useful 

16 in determining the likelihood that the sample points in the 

17 population are randomly distributed in.a three-dimensional 

18 spatial region containing the sample, that is, in the portion of 

19 the Cartesian space illustrated in FIG. 3 as a x-y-z symbolic 

20 cubical volume containing a population, or set, of "N" of sample 

21 points.  It will be appreciated that the region (cubical volume 

22 in FIG. 3) containing each population of "N" sample points is 

23 bounded (step 102) along the time axis (that is, the "x" --or 

24 horizontal-- axis shown in FIG. 3) by the beginning and end clock 

25 times for the region, and along each of the other two axes 

26 representing different ones of the mutually orthogonal items of 
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measurement information (that is, the "y" --or vertical-- axis; 

and the "z" --or perpendicular to "x-y" plane-- axis, in FIG. 3) 

by minimum and maximum magnitudes of measurement values chosen to 

be inclusive of all sample points. 

In each iteration, after selecting the sample point 

population to be analyzed during the iteration, the noise 

likelihood determination sub-system 11 then determines the 

average distance between nearest-neighbor sample points which 

would be expected if the sample points were randomly-distributed 

in the region of interest(step 103) and the distances between 

nearest-neighbor sample points (step 104).  Each such distance is 

determined as the most direct linear span across the symbolic 

three-dimensional space between two sample points (with the 

linear span almost always ending up as having a three-dimensional 

skewed attitude).  The noise likelihood determination sub-system 

11 in step 103 generates the expected average distance between 

nearest-neighbor sample points as 

|ir = 0.5540 p ii) CD 

18 

19 

20 

21 

22 

23 

where "p" represents the spatial density of the sample points in 

the selected region, that is, N/V, where "N" represents the 

number of sample points in the selected population and "V" 

represents the volume of the corresponding selected three- 

dimensional spatial region. 
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The noise likelihood determination sub-system 11 in step 104 

generates the actual distances between nearest-neighbor sample 

points as follows.  Initially, the noise likelihood determination 

sub-system 11 establishes a distance matrix D including a number 

of rows and columns each associated with one of the sample points 

in symbolic three-dimensional space.  The noise likelihood 

determination sub-system 11 then determines a distance value 

d(i,j) representing the distance between each pair of sample 

points (i,j).  If the sample points are considered as points in a 

three-dimensional symbolic cubical volume (that is, with respect 

to a one if the above described x,y,z cubical volume set in FIG. : 

3) with the values of the coordinates given for each point the 

distance value representing the distance, i.e., the most direct 

linear span across the symbolic three-dimensional space between 

any two sample points "i" and "j" is 

d(i,j)  = ^/ {x± - Xj) 2+ (yi-yj)
2+  (z± - Zj) (2) 

17 
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where (Xj,yj, z{) , (Xj,yj, Zj) represent sampled signal data plotted as 

(i,j,k) points.  The noise likelihood determination sub-system 11 

inserts each distance value d(i,j) so generated in the 

appropriate location of a distance matrix D, and more 

particularly at row "i" and column "j" for each pair of sample 

points.  Ignoring the values along the "matrix diagonal" d(i,j) 

of the distance matrix D (which, if generated by the noise 

likelihood determination sub-system 11 represent the distance 

10 
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between each point and itself), for each row "I," the matrix 

element d(I,j) ("j" being an index from "1" to the number "N" of 

sample points in the region) identifying the number having the 

lowest value is the minimum distance between the between the 

sample point associated with row I and any other sample point in 

the region.  (Similarly, for each column "J," the matrix element 

d(i,J) ("i" also being an index from "1" to the number "N" of 

sample points in the region) identifying the number having the 

lowest value is the minimum distance between the sample point 

associated with column J and any other sample point in the 

region.)  Representing the minimum value in each row "I" as "min 

(dr)," the actual average distance between nearest-neighbor 

sample points is 

r = .1 [min(d1 tj)  + min(d2/J-) + - +min{dNij) ] 

where "N" corresponds to the number of sample points in the 

region. 

Following step 104, the noise likelihood determination sub- 

system 11 generates a standard error value ar of the nearest 

neighbor mean distance in a random population of density p as 

o  = 
1   i/ff ' 

(4) 

11 
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where "a" is the standard deviation of a theoretic model of 

random distribution (step 105). 

The noise likelihood determination sub-system 11 uses the 

values for \it   (the average distance between nearest-neighbor 

sample points that would be expected if the distribution were 

randomly distributed), r (the actual average distance between 

nearest-neighbor sample points), and the error value ar to 

generate a normal deviation statistic 

r-|i 
(5) 

(step 106) which will be used in performing a significance test 

as described below in connection with step 125. 

Following step 106, the noise likelihood determination sub- 

system 11 performs a series of operations to generate a second 

randomness identifier R, which it uses in determining the 

likelihood that the digital signal represents a random 

distribution.  Subsystem 11 computes randomness identifier R in 

accordance with the relationship 

R=- (6) 

where the symbols in both the numerator and the denominator are 

as hereinabove defined.  Values of R range from 0 (all points 

congest onto a single plane), through 1.0 (indicating pure 

randomness), to 2.0 (all points are from a uniform distribution 

12 
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of polyhedrons) in three-dimensional symbolic space.  As an 

illustration of the interpretive utility of R, should its value 

be 0.50, it is deemed in connection with the operation of system 

10 that this value represents a condition of the degree-of- 

randomness of a stream of incoming sample points which is 

generally 50% random.  The usefulness of this degree-of- 

randomness output will be illustrated later herein in conjunction 

with an embodiment of information processing sub-system 13 

comprising submarine combat control equipment of a type which 

employs Bayesian-based cost function and multiple hypothesis 

assessment techniques to enhance effectiveness of low signal-to- 

noise-ratio signals. 

The noise likelihood determination sub-system 11 generates 

the values for Z (equation (5)), and R (equation (6)) for each of 

the plurality of populations.  Accordingly, after it finishes 

generating the values (step 123) for one population, it returns 

to step 103 to perform the operations for the next population 

(step 107).  After performing the operations to generate values 

for Z, and R for all of the populations, it sequences to a step 

108 to perform a conventional significance test.  In that 

operation (step 109) in connection with the value for Z, the 

noise likelihood determination sub-system 11 uses as the null 

hypothesis 

H0:    r = |ir 
(7) 

13 
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as indicating that the points are randomly distributed, and uses 

the alternate hypothesis 

Hx:    r*[ir (8) 
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as indicating that the points are not randomly distributed.  It 

will be appreciated that, if the points are randomly distributed, 

the values for r, the average actual distance between points in 

the population, would be distributed around pt,   the average 

distance between points that would be expected if the points were 

randomly distributed, in a Gaussian distribution with a mean, or 

average, of nr.     The standard significance test, using values for 

r,   [JLT  and the normal deviate value Z, will indicate the 

likelihood that the null hypothesis is correct.  The noise 

likelihood determination sub-system 11 may perform similar 

operations in connection with the values of R and the uniform 

dispersion plots generated for all of the populations, and will 

determine an assessment as to the likelihood that the signal as 

received by the transducer was totally random and if not 

determines a degree-of-randomness assessment.  Sub-system 11 

provides that assessment to the information processing sub-system 

13.  The information processing sub-system 13 can use the 

randomness assessment in determining the utility of having an 

output from information processing system 13 appear at output 14, 

as will be presently illustrated. 

An exemplary embodiment of information processing sub-system 

13 comprises submarine combat control equipment which is 

14 
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responsive to passive sonar signals received (i) by a towed 

linear array trailing behind the submarine, and (ii) by a 

spherical transducer array at the submarine's bow.  Measurement 

information representing clock times at the ends of the time 

intervals employed in generating sample points is internally 

available in the combat control equipment.  Measurement 

information representing an actual relationship between the 

contact and the towed array (signal power in a conical angle 

sector representing conical bearing angle of a sonar contact 

relative to the axis of the towed array) is gathered by the towed 

array.  Measurement information representing a frequency 

characteristic (signal power in a sector of the signal's spectral 

frequency distribution function) may be gathered by either the 

spherical array or the towed array or both.  The combat control 

equipment is of a type which employs Bayesian-based statistical 

cost function techniques and multiple hypothesis assessment 

techniques to enable to equipment to generate analytical 

solutions of contact state estimations of the location of the 

contact. The principles of both Bayesian-based cost function 

techniques and multiple hypotheses assessment techniques are 

conventional and well known.  Using these techniques, meaningful 

statistical state estimates of a contact's location can be 

determined from signals as noisy as having a 50% 

degree-of-randomness (R = 0.5).  The fact that the submarine's 

sonar signal gathering equipment provides three mutually 

orthogonal items of information measurements, namely (i) conical 

15 



1 angle of the contact, (ii) a frequency characteristic of the 

2 sonar signal, and (iii) a clock time having a predetermined timed 

3 relationship to each time interval over which the signal is 

4 sampled, enables the combat system equipment to determine whether 

5 the processing performable by sub-system 13 should be available 

6 at output 14.  For example, based upon a premise that sub-system 

7 can provide information yielding a meaningful state estimation of 

8 a contact's location with an input signal as noisy as having a 

9 degree of randomness R=0.5, but no higher, system 10 is provided 

10 with a suitable control to prevent appearance of any signal at 

11 output 14 if: (i) the signal from input subsystem 12 results in a 

12 "null hyperthesis" determination (equation (7)), i.e., the input 

13 signal is essentially solely random noise; or (ii) the signal 

14 results in an "alternate hypothesis (equation (8)) determination, 

15 but sub-system 11 further determines the degree-of-randomness, R, 

16 of the signal from input sub-system is a value greater than 0.5. 

17 The control can prevent appearance of a signal at output 14 by 

18 any suitable mode such as blocking coupling from input sub-system 

19 12 to sub-system 13, disabling sub-system 13, or blocking 

20 coupling from the output of sub-system 13 to output 14. 

21 Although the noise likelihood determination sub-system 11 

22 has been described in connection with assessing randomness in 

23 connection with a signal, such as an acoustic, electrical or 

24 electromagnetic signal, it will be appreciated that the sub- 

25 system 11 will find utility in other areas in which it is 

26 desirable to assess randomness.  Also, although described in 

16 
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relation to a Cartesian coordinate system, sub-system 11 will 

also find utility in embodiments that employ a polar coordinate 

system, or other coordinate systems. 

The preceding description has been limited to a specific 

embodiment of this invention and the variations just discussed. 

It will be apparent, however, that even other variations and 

modifications may be made to the invention, with the attainment 

of some or all of the advantages of the invention.  Therefore, it 

is the object to cover all such variations 

and modifications as come within the true spirit and scope of the 

invention. 

17 



1 Navy Case No. 76836 

2 

3 SYSTEM FOR ASSESSING STOCHASTIC PROPERTIES OF SIGNALS 

4 REPRESENTING THREE ITEMS OF MUTUALLY ORTHOGONAL 

5 MEASUREMENT INFORMATION 

6 

7 ABSTRACT OF THE DISCLOSURE 

8 A signal processing system provides and processes a digital 

9 signal, generated in response to an analog signal, which includes 

10 a noise component and possibly also an information component 

11 representing three mutually orthogonal items of measurement 

12 information representable as a sample point in a symbolic 

13 Cartesian three-dimensional spatial reference system.  An 

14 information processing sub-system receives said digital signal 

15 and processes it to extract the information component.  A noise 

16 likelihood determination sub-system receives the digital signal 

17 and generates a random noise assessment of whether or not the 

18 digital signal comprises solely random noise, and if not, 

19 generates an assessment of degree-of-randomness.  The noise 

20 likelihood determination system controls the operation of the 

21 information processing sub-system in response to the random noise 

22 assessment or a combination of the random noise assessment and 

23 the degree-of-randomness assessment.   The information processing 

24 system is illustrated as combat control equipment for submarine 

25 warfare, which utilizes a sonar signal produced by a towed linear 

26 transducer array, and whose mode operation employs three mutually 



1 orthogonal items of measurement information comprising (i) clock 

2 time associated with the interval of time over which the sample 

3 point measurements are taken, (ii) conical angle representing 

4 bearing of a passive sonar contact derived from the signal 

5 produced by the towed array, and (iii) a frequency characteristic 

6 of the sonar signal. 
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100. RECORD DIGITAL SIGNAL VALUES 
FOR ANALYSIS 

101. IDENTIFY NUMBER OF SAMPLE 
POPULATIONS TO BE ANALYZED 

102. SELECT A SYMBOLIC VOLUMETRIC 
REGION FOR PROCESSING 

103. DETERMINE NEAREST NEIGHBOR 
DISTANCES EXPECTED IF SAMPLE 
POINTS ARE RANDOMLY DISTRIBUTED 

104. DETERMINE ACTUAL NEAREST 
NEIGHBOR DISTANCES FOR SAMPLE 
DISTRIBUTION 

105. GENERATE STANDARD ERROR 
VALUE 

106. GENERATE NORMAL DEVIATION 
STATISTIC 
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TO FIG. 2B 
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TO FIG. 2A 
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107  DETERMINE WHETHER SAMPLE 
POINTS FOR ALL REGIONS HAVE BEEN 
PROCESSED 
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108  PERFORM STATISTICAL 
SIGNIFICANCE TESTS TO DETERMINE 
LIKLIHOOD THAT SAMPLE POINTS ARE 
RANDOMLY DISTRIBUTED  

109. PROVIDE LIKELIHOOD 
ASSESSMENT TO INFORMATION 
PROCESSING ARRANGEMENT 13 
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