
2265462 THREE-DIMENSIONAL MAXIMUM A POSTERIORI (MAP) TRACKING BACKGROUND
The present invention relates generally to tracking systems and methods,
and more specifically, to a tracking system and method that provides for
three-dimensional a posterion tracking including spatial and spectral
tracking. With the current proliferation of array processors,
multi-processors, and parallel 5   programming, sonar data is beginning to
overwhelm sonar data processors in the func- tional area of spatial
processing (track linking and management across beams and other arrays of
sensors). With this in mind, it would be desirable to apply a traditional
data processing application (logic and decision making) to the area of
array and multi- processor applications (vector arithmetic or number
crunching). 10         A two-dimensional a posteriori concept is disclosed
in an article entitled "Detec- tion and Estimation of Frequency Random
Signal," by R. D. Short and J. P. Toomey, in IEEE Transactions on
Information Theory, Vol. IT-28, No. 6, November 1982. The present invention
expands on the capability of this processing concept by extending
processing to three dimensions. 15         In a current system developed by
the assignee of the present invention, the computation used to spatially
cluster lines detected by multiple beams is accomplished by a general
purpose computer. This is because the spatial clustering or association
process primarily involves logical operations, hence is more suitable for
general pur- pose computer implementation. This architectural design
approach, however, results in 20   a sub-optimum utilization of processing
resources when three-dimensional processing is required. This is
particularly true since an additional level of linking and association    2
is required in order to maintain target track from node to node (an array
of sensors) in the three-dimensional system. It is therefore an objective
of the present invention to take advantage of the processing power
available in an array processor by extending a two dimensional Short 5 and
Toomey processing procedure to three dimensions to provide for both spatial
and frequency tracking. SUMMARY OF THE INVENTION The present invention
extends the Short and Toomey processing procedure 



10  from two dimensions to three dimensions and thus provides for a
three-dimensional signal processing method for use in sonar signal
processing, and the like. This added dimension provides spatial tracking in
addition to spectral tracking. Spatial tracking is performed concurrently
with spectral tracking in an array processor, whereas conven- tionally, the
spatial tracking was performed in a data processor. The present invention
15   offloads the data processor in a typical sonar system by vectorizing
the spatial tracking logic into a third dimension, using a
three-dimensional maximum a posteriori (MAP) tracker, and thus frees up a
data processor for applications more suited to its architec- tore. This
folding in of the spatial tracking into the same procedure as the spectral
tracking which resides in an array processor immensely increases the data
throughput 20   capability of the system. The automatic detectionprocess of
the present invention applies the Short and Toomey procedure to a frequency
windowed and time segmented set of FFT magnitude detected data to determine
the presence or absence of narrowband lines. The detected lines are then
linked temporally and clustered spatially. This is achieved by processing
25  the time, frequency and beam direction data using a  predetermined
three-dimensional maximum a posteriori procedure whereby individual target
tracks associated with each beam direction are concurrently processed and
whereby transitions are made between adjacent beam directions in order to
process target tracks having a maximum signal to noise ratio to provide for
detection of the target. An output target track is generated by 30
combining the high signal to noise ratio portions of the processed
individual target tracks into a single output target track. Because the
procedure is mechanized for imple- mentation on a high speed array
processor, the detection process is capable of handling a much higher
volume of throughput data than the current operational system. The present
system exhibits superior detection performance over a variety of signal
lines. 35         The present invention increases the processing throughput
and improves track- ing performance. By shifting the spatial tracking from
a data pocesor to the array processor, higher throuhgput rates are
achievable. The present invention transforms    3 the logic and decision
processing performed in the data processor to vector processing executed in
the array processor. The three-dimensional procedure of the present
invention may be implemented on an FDS (Fixed Distributed System) currently
under development for the Department 5   of the Navy. The FDS is comprised
of many nodes (arrays of sensors) at different 



locations. Each node is comprised of a sonar array which provides input to
an array processor that performs beamforming processes in accordance with
the present inven- tion. The array processors in turn provide beamformed
data to data processors for spatial tracking. With the present method, the
efficiency of the processing is signifi- 10  cantly increased and the load
on the data processors is reduced, thus freeing them up for functions more
suited for their data processing architecture. More specifically, one
aspect of the present invention provides for a three- dimensional maximum a
posteriori tracking method for determining a path of a target moving
through space. The method comprises the following steps. (1) Storing sample
15  time interval, frequency and beam direction data comprising a
three-dimensional set of FFT magnitude detected data that are
representative of a three-dimensional image of a moving target. (2)
Segmenting and windowing the stored three-dimensional FFT magnitude
detected data in terms of frequency and time. (3) Processing the frequency
windowed and time segmented set of FFT magnitude detected data to determine
the 20   presence of absence of narrowband lines that are indicative of the
target. (4) Process- ing the detected narrowband lines using the
three-dimensional maximum a posteriori procedure to provide detection of
the target. BRIEF DESCRIPTION OF THE DRAWINGS 25         The various
features and advantages of the present invention may be more read- ily
understood with reference to the following detailed description taken in
conjunction with the accompanying drawings, wherein like reference numerals
designate like struc- tural elements, and in which: Fig. 1 is a diagram
illustrating a typical operational scenario that is useful in 30
explaining the principles of the present invention; Fig. 2 illustrates
three dimensional target tracking in accordance with the prin- ciples of
the present invention; Fig. 3 illustrates two dimensional target tracking
in accordance with conven- tional practices which may be used for
comparative purposes in explaining the present 35 invention;    4 Fig. 4
shows a flow diagram of a tacking method that provides for three-
dimensional a posteriori tracking including spatial and spectral tracking
in accordance with the principle of the present invention; Fig. 5 shows a
two-dimensional example of the method of the present inven- 



5   tion; and Fig. 6 shows a simplified three-dimensional example of the
method of the present invention. DETAILED DESCRIPTION 10         Referring
to the drawing  figures, Fig. 1 is a diagram illustraing a typical
operational scenario that is useful in explaining the principles of the
present invention. Fig. 1 shows a target 11, illustrated as a submarine
moving along a path 12. A plunl- ity of time points (t  1, 2,3, and 4) are
shown along the path 12 which will be used to describe several processing
procedures ith referen  toFigs. 2 and 3 below. A 15   plurality of plane
waves 13 and the associated frequency 14 therof are also shown relative to
the position of the target 11 along itspat  A sensor array 15 is located a
distance away from the target 11 and three beams are shown that are
generated by the sensor array 15. Each of the beams are indicative of
separate bearing directions 16a, 16b, 16c, identifed as beam   bearing,
beam 2bearing, and beam 3 bearing. As the 20  target 11 moves along the
path 12 the relative strength of the signals detected along each of the
bearing directions changes with time. Target tracking is achieved by pro-
cessing the signals associated with each of the beam directions, as will be
discussed with reference to Figs. 2 and 3. Fig. 2 illustrates
three-mensional target tracking in accordance with the prin- 25   ciples of
the prseinvention, while Fig. 3 illustrates two dimensional target tracking
in accordance with conventional practices which may be used for comparative
purposes in explaining the present invention. Fig. 2 shows three sets of
data known as lofar- grams 17a, 17b, 17c, that are comprised of background
noise, illustrated by the stip- pled (grey) portion of each lofargram 17a,
17b, 17c, and a target track, shown as 30   having various signal to noise
ratios, indicated by the intensity of the respective portion of the tracks
in each lofargram 17a, 17b, 17c. Referring to HFg. 3, the conventional
processing procedure works as follows. The target track shown in the first
lofargram 17a is processed to produce a first output track 18a, the first
lofargmm 17a is processed to produce a first output track 18a, the 35
second lofargram 17b is processed to produce a second output track 1 8b,
and the third lofargram 17c is processed to produce a third output track
18c. In the areas of the respective tracks that have a low signal to noise
ratio, shown as dotted lines in the    5 lofargrams 17a, 17b, 17c of Fig.
2, the target tracks detected in the conventional 



procedure of Fig. 3 have noise, indicated by the wavy portions of the
output tracks 18a, I8b, 18c identified by arrows 19a, 19b, 19c. The dee
respective target tracks 18a, 18b, 18c shown in Fig. 3 are then processed
in the conventional procedure and a 5   single target track, in this case
output track 18b, would be selected as having the highest signal to noise
ratio and hence the most probable target track that is the true frequency
track and bearing of the target 11. However, due to the noise contained in
the output tracks 18a, 18b, 18c, there is a substantial amount of error in
detecting the true bearing and frequency track of the target 11. 10
Referring to Fig. 2, the present invention processes the data contained in
the lofargrams 17a, 17b, 17c in a different manner than the conventional
procedure and achieves improved target tracking perfoimance. This is
achieved as follows. In the first lofargram 17a, the initial portion of the
target track has a high signal to noise ratio. In the second lofargram 17a,
the middle portion of the target track has a high signal to 15   noise
ratio. In the third lofargram 17a, the last portion of the target track has
a high signal to noise ratio. In order to generate a more accurate target
track, the present invention processes the data from each of the lofargrams
17a, 17b, 17c and transitions between them to follow a track that has a
maximum signal to noise ratio for the detected target track 20   Thus the
present invention processes time, frequency and beam direction data in
order to detect the target 11. This is shown at the right of Fig. 2,
wherein the first portion of the data from the first lofargram 17a is
combined with the middle portion of the data from the second lofargram and
the last portion of the third lofargram 17c for each of the three time
intervals shown in Fig. 1 (time 1 to time 2, time 2 to time 3, and time 3 t
time 25   4). This produces a target track that is much more accurate that
one produced using conventional processing procedures. Fig. 4 illustrates
an apparatus 20 and a flow diagram for an automatic tracking method 20a
that provides for three-dimensional a posteriori tracking in accordance
with the principles of the present invention that includes both spatial and
spectral tracking. 30   The basic method 20a comprises the following steps.
The first step comprises storing time, frequency and beam direction data
comprising a three-dimensional set of FFT magnitude detected data that are
representative of a three-dimensional image of a mov- ing target, as is
shown in box 31. The next step comprises segmenting and windowing the
stored threedimensional FE magnitude detected data in terms of frequency,
beam 35   and time, as is shown in box 32. The next step comprises
processing the frequency windowed and time segmented set of FFt magnitude
detected data to determine the presence of absence of narrowband lines that
are indicative of the target, as is shown in  



6 box 33. This step comprises processing the deteted onarowband lines using
a dnr- dimensional maximum a posteriori tracking procedure. Tils procedure
comprises processing time, frequency and beam di.ecton data
andtsiingbetween beam directions in order to generate an output target
track having the maximui signal to 5   noise ratio for the target 11. The
next stop is to output the detected target track for use by an operator, as
is shown in box 34. This basic method20a may also be described in other
terms well-known to those in the sonar signal processing art The
tredimensional maximuma posteriori trackng metod20 ofthe present invention
is adapted tdeutrmine apath of a target 10  moving through spac he tracking
method comprises the following steps. Step 1: storing sample time interval,
fiequncy. and beam direction data comprisinga three- dimensional set of FIT
magnitude detected data rentve of a tee-dimensional image of altarget
moving dtough space, which data comprises a set of numerical values
represnat  of sample time interval versus frequency data for each beam 15
direcion. This stoage is achieved i arandomacesmemry 21, for example. Step
2: processing the stored set of numerical values by sequentially processing
a predeter- mined number of subarrays of numerical values such that
numerical path values from each pixel ofa previous time interval to each
pixel ofa current time interval are com- puted, and the largest integrated
path value fiom one time interval to the next is deter- 20 mined, and the
path through the entire set of numerical values that has the maximum
integrated numerical value is indicative of the path of the target. This
processing is achieved in a programmable computer 22, in an array processor
22, or in a customized integrated ciAvuit chip 22, for example. Step 3:
outputting the path of the target for use by an operator. This may be
achieved by the use of a sonar or other display device 23 25   coupled to
the computer 22, for example. More particularly, the automatic detection
method comprises a fiontend signal line detection process co ding the Short
and Toomey algorithm or processing procedure disclosed in the article
entitled '"etection and Estimation of Frequency Random Signal," by R. D.
Short and J. P. Toomey, in the publication IEEE Transac- 30  tions on
Information Theory, Vol. 1T-28, No. 6, November 1982, but which has been
extended to three dimensions in accordance with the principles of the
present invention. In this configuration, the automatic detection method
first applies the Short and Toomey procedure to a frequency windowed and
time segmented set of WFT magnitude detected data to detrine the presence
of absence of narrowband lines. The detected lines are 



35  then clustered spatially. Because of the fact that the Short and Toomey
algorithmic procedure is mecha- nized for implementation on a high speed
array processor, the detection procedure is    7 capable of handling much
higher volume of throughput data than does the prior opera- tional system
Besides exhibiting superior detection performance over a variety of signal
lines, this ability of processing high volume of data using an array
processor has made the Short and Toomey procedure a very desirable
automatic detection procedure. 5         Fig. 5 shows a two-dimensional
example of the method 20a of the present invention. In Mig. 5, each dot
represents a time-frequency data point. The number adjacent the left side
of each dot represents the value of the signal associated with the dot The
dashed and arrowed. lines show the integration path through the data with
respect to the transition from a higher row to a lower row. Typically a
window is set to 10  process the data, and in this example, the window is
three data points wide. That is to sayeach data point in the second row can
have its signal added to three data values in the preceding row: namely
directly above it, to the right one data point, and to the left one data
point. The largest preceding value is chosen for integration. Also the
bound- ary points only integrate using two upper data point values. In
addition, if two or more 15   of the three values in the preceding row are
the same, then the integration path for the data point in the succeeding
row is taken from the data point directly above it; Thus, and with
reference to ig. 5, in the second row, the first two points are integrated
with the second data point of the first row (value = 7), the third, fourth
and fifth data points in the second row are integrated with the fourth data
point in the first 20  row (value = 8), while the sixth (value = 7) and
seventh (value = 2) data points in the second row are integrated with the
fifth and sixth data points in the first row, respec- tively. The
integrated data values for the data points of the second row are shown
below each respective point. This process continues for each of the data
rows shown in this example, until a cumulative integrated value is.
generated for each row. Then, 25  starting at the data point with the
greatest value (value = 63), and proceeding backward (a posteriori) through
the data points having the highest value in each row, the target track is
determined. This is illustrated by the relatively dark solid alrowed line
traced through Fig. 5. Fig. 6 shows a simplified three-dimensional example
of the method 20a of the 30   present invention. Fig. 6 shows time,
frequency and beam data points associated with 



a moving target. Fig. 6 is more complex, since it is a three-dimensional
array of data points. Only a few points are shown for clarity in Fig. 6.
The procedure is exactly the same as described with reference to Fig. 5,
but the additional dimension requires a window that is 3 by 3 in size, for
example. The data values are shown either to the 35  side of the respective
data points, while the integrated values are shown generally below the
points. The locations of the numerical values have been located so that
they    8 will be more legible on the drawing. The target track is
illustrated by the relatively dark solid arrowed line traced through Hg. 6.
The threed     onal pocdure of the p  t-invention may be implemened on an
FDS (Fixed Distributed System) currently under development for the
Department 5 of the Navy. The FDS is comprised of many nodes (arrays of
sensors) at different locations. Each node is comprised of -a sonar array
wich p s input to an array processor that pefms           processe in
accordane with the present inven- tion. The aray    s     in turn provide
beamf data to data processors for spatial tracking.: With  e presentmethod,
the eicienc of the processing is signifi- 10   cantly increased and the
load on the daa  sors is reduced thus freeing them up for functionsmore
suited rteirda       ngachiu   Array processors are designed specifically
to operate optially on vector anrthmetic.- The three-dimensional maximum a
posteriori procedure is a suitablebcandidate for vector processing, as is
any procedure thatcontains 'O) lo<op processing procedures. 15         Tbe
lowing is a detailed staent ofthe method 20a of the present invention that
extends the naximum a posteriori procedure to three dimensions. As was
stated above, this method is implemenale in many way, including both
hardware and soft- ware imnplementions. lThe following definitions are
employed herein. Name        Definition. 20     t          ie index/mnits
bins f~~~fen   bbi n             s: f    frequency indextunits =bn s
spatial index/units = beams NT        total number of time bins NF
total number of fiequency bins 25      NS       total number of spatial
bins pf        spectral probability path index 



ps        spat  probability path index fpath     spectral path search limit
spath     spatial path search limit. 30     fmax      spectral index where
maximum occurs Smax     spatial index where maximum occurs Cnmax     global
maximum of cost function p(fs):    path transition probability function
from time bin t- I to t X(t,fs)  spectral magnitude bin at time bin t,
frequency bin f, and spatial beam s. 35      Y(ttfs)  transition function
C(tf,s)   cost function T(t)     three-dimensional track function    9 TI
(t)    spectral component of track function T2(t)    spatial component of
track function The following six equations define the mathematcal steps
that implement the three-dimensional tracking method 20a of the present
invention. These steps may be 5   implemented in software or hardware, such
as by an array processor, or a customized integrated circuit chip adapted
to implement the logic of the processing steps. (1) C(tf,s) = X(tfs) +
Max(logfp(f+pf, s+ps)] + C(t-I,f+pf, s+ps)) where pf = -fpath,..., fpath,
and ps = -spath, ..., spath. (2) Y(tfs) = a vector containing frequency and
beam transition values 10   {pf, psI at which C(tfs) of equation (1) attain
a maximum value. After the procedure has been applied onto an entire
acoustic data set, a maxi- mum of the cost function, Cmax, is selected as
follows: (3) Cmax = Max(C(NTfs)), for (f = 1, ...,NF), (s = 1,...,NS) and
set fmax and smax equal to the value of f and s at which Cmax occurs. 15
Now, with the fmax and smax determined, the threedimensional MAP track is
computed recursively backward using the path transition array Y(tfs) of
equation (2). (4) T(W-) = T(t) + Y(t-1, Tl(t-1), 12(t-1)) Equation (4) is
initialized as follows (5) T(NT) = (fmax, Smax) 20   where T(t) is defined
in equation (6). (6) T(t) = (TI (t), T2(t)), a vector specifying the MAP
track in frequency bins TI, and beam bins T2, as a function of time t. 



The attached appendix provides the pseudo code and definitions for the
three- dimensional maximum a posteriori procedure in accordance with the
present invention. 25         Thus there has been described a new and
improved tracking system and method that provide for three-dimensional a
posteriori tracking using spatial and spectral track- ing. It is to be
understood that the above-described embodiment is merely illustrative of
some of the many specific embodiments which represent applications of the
principles of the present invention. Clearly, numerous and other
arrangements can be readily 30   devised by those skilled in the art
without departing fron the scope of the invention.    APPENDIX:: This
appendix provides the pseudo code anddefinitions for the thre-dimen- sional
maximum a poste procedure in accordance with the present invention.
Definitions t           time index/ni = bins 5   f           frequency
index/nits = bins s           spatial ind/units = beams hv         spatial
(honizOntal)/spectral (vical) index for transition array: hv = 0. spectral;
hv = 1, spatial. NT          total number of time bins 10   NF
total number of fiequencybins NS          total number of spatial bins pf
spectral probability path index ' ps         spatial probability path index
- max         temporary variable to hold current maxinmum 15  fpath      ,
spectral path search limit spath      spatial path search limit. finax
spectral index where maium occurs smax        spatial index where maximm
occurs p(fs)       path transition probability matrix from time bin t-l to
t. 20   X(t,fs)    spectral magnitude bin at time bin t, frequency bin f,
and spatial beam s. Y(t,f,shv)  thee-nsional MAP path transition index
array at time bin t, frequency bin f, and spatial beam s, containing two
values, one for hv = 0        , (spectral) and one forhv =I (spatial).
Cost(t,fs)  cost function; 25   CostTemp   temporary cost function 



Trk(thv)  threedimensional track matrix    FOR s = 1, NS                  1
loop over spatial index FOR f = 1, NF               ! loop over spectal
index Cost(lfs) = X(1,fs)     ! initialize cost function array to spectral
magnitude values for temporal bin I 5    ENDFOR                       ! end
spectral loop ENDFOR                        ! end spatial loop FOR t = 2,NT
! loop over temporal index FOR s = ISNS                I loop over spatial
index FOR f = 1,NF               !loop over spectral index 10
Cost(tfs) = Cost(t-lfs)   ! save old Cost function ENDFOR
! end spectral loop ENDFOR                      ! end spatial loop FOR s =
1, NS               ! loop over spatial index FOR f = 1, NF              !
loop over spectral index 15       Y(tf,s,0) =0              1 initialize
spectal Cost index array Y(t,fs,l) =0            1 initialize spatial Cost
index array max = -32768             1 initialize max to largest available
negative number FOR Ps = -spath, spath   ! loop on spatial transition
probability index sindex = s + pt        1 fbrm spatial cost index 20
IF((sindex > 0) and (sindex <(NSI1)))  ! check spatial bounds FOR pf =
-fpath, fpath  ! loop on spectral transition probability index findex = f +
pf       I form spectral cost index IF( (findex > 0) and (findex <(NF+1)))
! check spectral bounds CostTemp=Cost(t-1, findex, sindex) + p(pf, ps)   I
temporary cost 25             IF(CostTemp > max) then           ! test cost
against max max=CostTemp       ! update max cost Y(t-1,fsO) = pf    I
update spectral index array Y(t-lf,s,1) = ps    ! update spatial index
array ENDIF               ! end max cost test 30           ENDIF
! end spectral bounds check ENDFOR                  ! end spatial spatial
transition probability loop ENDIF                   ! end spatial bounds
check ENDFOR                   ! end spatial spatial transition probability
loop 



Cost(tf,s) = max + X(tfs) ! construct new cost function 35      ENDFOR
! end spectral loop ENDFOR                      ! end spatial loop ENDFOR
I end temporal loop    12 max = Cost(NT,1,1             initialize max to
cost of s    spatial bins 1,1 fmax=1                         Iinitialize
spectral index to bin I smax=1                           initialize spatial
index to bin I 5   FOR s= 1,NS                    ! loop over spatial index
FOR f - 1,NF                 I loop over spectral index IF(Cost(NT,f,s) >
max) then  ! test for global mximm fmax = f                  ! spectral bin
where current max occurs smax = s                  ! spatial bin where
cu=rent max occs 10        max =Cost(NTfs)            mgnitudof current
globalimum ENDIP                      ! end global maximum test ENDFOR
I end spatial loop ENDFOR                         I end temporal loop 15
Trk(NT,0) = fmax               ! initialize spectral track to finax TIr(NT,
1) = smax              ! initialize spatial track to smax FOR t = NT, 2,-i
loop backward through time Trk(t-1,0) = Trk(t,0) + Y(t-l, Trk(tO),
Trk(t,1),0) ! form spectral track from index 20     Trk(t-1,1) = Trk(t,1) +
Y(t-l, Trk(t,0), Trk(t,1),1) ! form spatial track from index ENDFOR
! end temporal loop    13 What is claimed is: 1. A three-dimensional
maximum a posteriori racker (20) for determining a path of a target (11)
moving through space with varying acoustic frequency, said tracker (20)
comprising: storage means (21) for storing saple time intev, frequency and
beam 5   direction data comprising a three-dimensional set of FET magnitude
detected data (31) representative of a three-dimensional image of a target
moving through space, which 



data comprises a set of numerical values repesve of sample tme interval
versus frequency data for each beam direction; processor means (22) for
processing the stored set of numerical values by 10  sequentially
processing (32, 33) a predetermined number of subanrays of numerical values
such that numerical path values from each numerical value of a previous
time interval to each numerical value of a current time interval are
computed, and the largest integrated path value from one time interval to
the next is determined, and the path through the entire set of numerical
values that has the maximum integrated numerical 15   value is indicative
of the path of the target (11); and display means (23) for outputting the
path of the target. 2. The tracker of Claim 1 wherein the processor means
(22) for processing the stored set of numerical values comprises an away
processor. 3. The tracker of Claim 1 wherein the storage means (21) for
storing sample time interval, frequency and beam direction data comprises a
memory. 4. The tracker of Claim 1 wherein the display means (23) for
outputting the path of the target comprises a display. 5. A
three-dimensional maximum a posteriori tracking method (20a) adapted to
determine a path of a target (11) moving through space, said tracking
method (20a) comprising the steps of: storing (31) sample time interval,
frequency and beam direction data comprising 5   a dtr-dimensional set of
FFT magnitude detected data (31) representative of a three- dimensional
image of a target (11) moving through space with varying acoustic
frequency, which data comprises a set of numerical values representative of
sample time interval versus frequency data for each beam direction; 1~~~~I
1|1ll11E1||1111 11 1||1    14 processing (32, 33) the stored set of
numicalvalues by sequentially 10   processing a p   ined number of
subarrays of numerical values such that numerical path values from each
numerical value of a previous time interval to each numerical value of a
current time interval are computed, and the largest integrated path value
from one time interval to the next is determined, and. the path through the
entire set of numerical values that has the maximum inegrated numerical
value is indicative of 15  the path of the target (11); and outputting (34)
the path of the target (1 1). 



6. The tracker of Claim 5 wherein the means for processing the stored set
of numerical values comprises an array processor. 7. A three-dimensional
maximum a posteriori racking method (20a) for deternining a path of a
target (11) moving through space with varying acoustic frequency, said
comprising the steps of:. storig (31) sample timeinterval, frequency and
beo directondata comprising 5   a threedimensional set of FFT magnitude
detected data that are p estative of a three-dimens   image of a
movigtarget (11); segmenting and windowing (32) the stored
three-dimensional FFr magnitude detected data in terms of fequency and
time;. processing (33) the frequency windowed and time segmented set of IfM
Wmag- 10 nitude detected data to determine the presence of absence of
nairowband lines indicative of a targettrack by pr ing timef ency and beam
direction data using a predeterined three-dimensional maimum
aposterioriprocede whereby individual  __ target tracks associated with
each beam direction are con y processed and whereby transitions are made.
between adjacent beam directions in order to process 15  target tracs
having a maximum signal to noise ratio to provide for detection .of the
target, and whereby an output target track is generated by combining the
high signal to noise ratio portions of the processed individual target
tracks into a single output target track; and outputting (34) the output
target track to a display device. *  C  L  M  S   *`    


