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(57) ABSTRACT 

A method of tracking an object comprising the steps of 
acquiring the position of at least one object; selecting the at 
least one object as a target; determining a sampling WindoW 
Which envelopes the target; obtaining an echo; repeating the 
foregoing step of obtaining an echo a predetermined number 
of times; determining valid echoes from the target; calcu 
lating the current position of the target from the received 
echoes; and repeating the steps of obtaining, repeating, 
determining, and calculating as desired. The step of obtain 
ing an echo comprises the steps of transmitting a pulse at a 
desired frequency from a transducer; scanning for echoes 
Within the sampling WindoW by a receiver; and receiving at 
least one echo of the pulse at the receiver Which are Within 
the sampling WindoW, the at least one echo having a fre 
quency that matches the outgoing pulse frequency. 
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METHOD OF LOCKING ONTO AND TRACKING A 
TARGET 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention is directed primarily to the tracking 
of objects (targets), and more particularly, to an apparatus 
and method of locking onto and tracking objects. While not 
limited thereto, the invention is Well suited to the tracking of 
?uid levels (i.e. the top surface of a ?uid) Within a container, 
such as a container or tank of fuel. 

[0003] 2. Background Art 

[0004] Ultrasonic measurement has long been used in the 
art to track various objects, such as the top surface of a ?uid 
Within a tank. Various prior art designs are knoWn in the art, 
including US. Pat. No. 5,511,041; US. Pat. No. 5,587,969; 
US. Pat. No. 5,157,639; and US. Pat. No. 5,131,271. While 
the above-identi?ed references address various different 
issues relative to ultrasonic measurements, they remain 
problematic for a plurality of reasons. For eXample, many of 
the disclosed apparatuses and methods are not particularly 
Well suited to the tracking of rapidly moving targets, such as 
?uid Within a moving container (i.e. fuel in the tank of a 
moving vehicle). Moreover, others are not particularly Well 
suited to the tracking of ?uid levels When the ?uid or the area 
proximate the ?uid includes obstructions therein (i.e. mate 
rial ?oating on or in the ?uid). 

[0005] Therefore, one object of the present invention is to 
facilitate the tracking of moving targets, particularly rapidly 
moving targets. 

[0006] It is another object of the present invention to 
facilitate the tracking of moving targets Which include 
obstructions Within or near the ?uid (i.e. internal tank 

structures). 
[0007] These and other objectives Will become apparent in 
light of the present speci?cation, claims, and draWings 
appended hereto. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to a method for 
acquiring the position of at least one object. The method 
includes the steps of (a) providing a sampling WindoW; (b) 
obtaining an echo; (c) repeating the foregoing step of 
obtaining an echo a predetermined number of times; (d) 
determining Which of the at least one echoes received by the 
receiver comprises a valid echo; and (e) determining if any 
of the at least one echoes corresponds to a valid target. The 
step of obtaining an echo comprises the steps of (a) trans 
mitting a pulse at a desired frequency from a transducer; (b) 
scanning for echoes Within the sampling WindoW by a 
receiver; and (c) receiving at least one echo of the pulse at 
the receiver Which are Within the sampling WindoW, the at 
least one echo having a frequency. 

[0009] In a preferred embodiment, the step of determining 
a valid echo comprises the steps of (a) establishing a 
threshold amplitude; (b) storing portions of each of the at 
least one received echo Which are outside of the threshold 
amplitude; (c) correlating the frequency of the received at 
least one echo to the frequency of the respective pulse; and 
(d) storing the at least one echo if the frequency of the 
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received at least one echo substantially corresponds to the 
frequency of the respective pulse as a possible target echo. 

[0010] In one such embodiment, the step of obtaining an 
echo further comprises the step of dismissing the at least one 
echo if the frequency of the received at least one echo does 
not substantially correspond to the frequency of the respec 
tive pulse. 

[0011] In another such embodiment, the method comprises 
the step of determining the time of occurrence of the at least 
one echo determined to be a valid echo. In one such 

embodiment, the step of occurrence determining comprises 
the step of interpolating one of a ?rst amplitude maXima and 
minima With a predetermined later amplitude maXima and 
minima, to, in turn, determine the temporal occurrence of the 
at least one echo. In another embodiment, the step of 
interpolating utiliZes the greater of the ?rst amplitude 
maXima and minima With the greater of the ?fth amplitude 
maXima and minima. 

[0012] In another embodiment, the step of target deter 
mining comprises the steps of (a) comparing each of the at 
least one valid echoes to each other; (b) grouping echoes 
Which are temporally related into an echo group; and (c) 
identifying each echo group having a predetermined number 
of temporally related echoes as a target. In one such embodi 
ment, the predetermined number of related echoes com 
prises at least seventy percent of the predetermined number 
of pulses. 

[0013] In yet another preferred embodiment, the step of 
providing a sampling WindoW comprises the steps of (a) 
providing a range Within Which to acquire a target; and (b) 
dividing the range into a plurality of sampling WindoWs. 

[0014] In another aspect of the invention, a method of 
tracking an object is presented. The method includes the 
steps of (a) acquiring the position of at least one object; (b) 
selecting the at least one object as a target; (c) determining 
a sampling WindoW Which envelopes the target; (d) trans 
mitting a pulse at a desired frequency from a transducer; (e) 
obtaining an echo; scanning for echoes Within the sam 
pling WindoW by a receiver; (g) receiving at least one echo 
of the pulse at the receiver Which are Within the sampling 
WindoW, the at least one echo having a predetermined 
frequency; (h) repeating the foregoing step of obtaining an 
echo a predetermined number of times; determining valid 
echoes from the target; calculating the current position of 
the target from the received echoes; and (k) repeating the 
steps of obtaining, repeating, determining and calculating as 
desired. 

[0015] In another preferred embodiment, the method fur 
ther comprises the step of providing output to an output 
device corresponding to the current position of the target. 

[0016] In one embodiment, the step of acquiring com 
prises the steps of (a) providing a sampling WindoW; (b) 
obtaining an echo; (c) repeating the foregoing step of 
obtaining an echo a predetermined number of times; (d) 
determining Which of the at least one echoes received by the 
receiver comprises a valid echo; and (e) determining if any 
of the at least one echoes corresponds to a valid target. The 
step of obtaining an echo comprising the steps of: (a) 
transmitting a pulse at a desired frequency from a trans 
ducer; (b) scanning for echoes Within the sampling WindoW 
by a receiver; and (c) receiving at least one echo of the pulse 
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at the receiver Which are Within the sampling WindoW, the at 
least one echo having a frequency that matches the prede 
termined frequency. 

[0017] In one embodiment, the method further comprises 
the step of reacquiring the position of the at least one object 
if the step of determining a valid target fails to determine a 
target. In one embodiment, the step of reacquiring comprises 
the steps of: (a) expanding the previously selected sampling 
WindoW; and (b) reexecuting the step of repeating With the 
expanded sampling WindoW. 

[0018] In another preferred embodiment, the method fur 
ther comprises the steps of (a) comparing the current posi 
tion of the target relative to the position of the target during 
a prior obtained calculation; (b) determining a direction of 
movement for the target; and (c) expanding the sampling 
WindoW in the direction of movement. In one such embodi 
ment, the method further comprises the step of contracting 
the sampling WindoW in the direction opposite of the move 
ment. 

[0019] In yet another preferred embodiment, the step of 
selecting comprises the step of automatically selecting the 
object closest to a predetermined point. 

[0020] In a preferred embodiment, the step of selecting 
comprises the steps of (a) outputting parameters correspond 
ing to the various acquired objects to the output device; and 
(b) inputting the desired object to be tracked by Way of the 
input device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention Will noW be described With reference 
to the draWings Wherein: 

[0022] FIG. 1 of the draWings is a side elevational vieW of 
a tank having a transducer positioned therein Which is 
programmed to operate pursuant to a method of the present 
invention; and 

[0023] FIG. 2 of the draWings is a graphical representa 
tion of a received echo from a potential target. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] While this invention is susceptible of embodiment 
in many different forms, there is shoWn in the draWings and 
Will be described in detail, one speci?c embodiment With the 
understanding that the present disclosure is to be considered 
as an exempli?cation of the principles of the invention and 
is not intended to limit the invention to the embodiment 
illustrated. 

[0025] A method of tracking an object (i.e. a target) is 
disclosed Which generally comprises a series of steps, 
including the steps of (a) acquiring the position of at least 
one object; (b) selecting the at least one object as a target; 
(c) determining a sampling WindoW Which envelopes the 
target; (d) transmitting a pulse at a desired frequency from 
a transducer; (e) obtaining an echo; scanning for echoes 
Within the sampling WindoW by a receiver; and (g) receiving 
at least one echo of the pulse at the receiver Which are Within 
the sampling WindoW, the at least one echo having a prede 
termined frequency; (h) repeating the foregoing step of 

obtaining an echo a predetermined number of times; determining valid echoes from the target; calculating the 
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current position of the target from the received echoes; (k) 
repeating the steps of obtaining, repeating, determining, and 
calculating as desired; and (1) providing output correspond 
ing to the calculated position. 

[0026] Such a method Will be described beloW With the 
understanding that it may have a plurality of uses. Indeed, 
While various uses are contemplated, the method is rather 
suitable for use in association With a fuel tank, to, in turn, 
accurately measure the fuel Within the tank. Such accurate 
measurements are rather useful and important for, for 
example, racing cars and pit creWs. 

[0027] A system capable of executing the foregoing 
method is shoWn in FIG. 1 and the system is identi?ed 
generally as 10. More speci?cally, system 10 comprises 
ultrasonic transducer 11 associated With hardWare 12 (i.e. 
proper IC base circuitry equipped With softWare), output 
device 14, and input device 16. Transducer 11 is capable of 
transmitting and receiving signals having a pulse Width and 
an amplitude. HardWare 12 is capable of directing transducer 
11 to transmit particular pulses, and to process information 
received by input device 16 and transducer 11, toWard 
eventual display to output device 14. Output device 14 may 
comprise a monitor, printer, an analog and/or digital gauge, 
among others. Input device 16 may comprise a keyboard 
(specialiZed or conventional), keypad, and/or a series of 
toggle sWitches, among others. Of course, it Will be under 
stood that the invention described herein is not limited to any 
particular IC based circuitry, softWare, output device and/or 
input device. 

[0028] To operate system 10, system 10 is ?rst activated. 
Generally, system 10 Will ?rst undergo a system diagnostic 
operation. If a failure condition is detected With any of the 
system diagnostics (i.e. faulty transducer, other hardWare 
failure or softWare glitch) an output is directed to output 
device 14 to alert the operator that a failure condition has 
been detected. In certain embodiments, the failure detection 
may be enhanced such that the output directed to output 
device 14 identi?es not only a failure condition but the 
particular component or subcomponent that is the cause of 
the failure condition. Of course, other embodiments Will 
omit entirely a system diagnostic operation. 

[0029] Upon successful diagnostic testing, system 10 is 
prepared to acquire a target. In certain embodiments, the 
acquiring process is initiated by ?rst searching to see if a 
previous target position has been stored in the system for a 
previous operation. For example, if system 10 had previ 
ously been used to track the level of fuel in a tank, system 
10 can retain this information so that during subsequent 
operations, system 10 Will have a smaller sampling WindoW 
in Which to execute the beloW described target/object posi 
tion acquisition procedure. If no such prior position is stored 
in system 10, then system 10 Will assign a default sampling 
WindoW Which, for example, encompasses the entire pos 
sible range for the target. For example, Where the target is 
the surface of fuel or other ?uid in a tank, Where no previous 
range exists in the system, system 10 Will assign a default 
total sampling WindoW Which extends from the approximate 
base of the tank to the upper end of the tank. 

[0030] After determining a total sampling WindoW of 
search, system 10 ?rst divides the entire range into a 
plurality of sampling WindoWs, such that each sampling 
WindoW is searched sequentially to identify targets Within 
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each of the sampling WindoWs. For example, and certainly 
not so as to be limited thereto, the contemplated total 
sampling WindoW in the present invention is divided into 
three sampling WindoWs. The range division facilitates the 
accurate and quick acquisition of possible objects Which 
may comprise desired targets for tracking. In particular, as 
the sampling WindoW extends further and further aWay from 
transducer 11, the pulse Width, amplitude, and gain are 
increased so as to maximiZe signal to noise ratios. At shorter 
distances, the pulse Width, amplitude, and gain are reduced 
to minimiZe false echoes Which can occur at generally closer 
ranges. Additionally, as Will be explained, system 10 tracks 
the echo Width, the noise, the echo amplitude, among other 
readings Which are fed back into system 10 to ?ne tune the 
pulse Width, amplitude, and ampli?er gain of transducer 11. 

[0031] Each sampling WindoW is sampled a preset desired 
quantity of times. In the contemplated system, transducer 11 
is directed by hardWare 12 to execute ten samples. Sampling 
ten times provides a more accurate target acquisition pro 
cedure. Indeed, by limiting the sampling WindoW, it is 
possible to execute the foregoing sampling in a temporally 
ef?cient manner. 

[0032] For each sampling, the Waveform is transmitted by 
transducer 11. Presumably, as shoWn in FIG. 1, at least a 
portion of pulse 110 is re?ected (i.e, echo 120) from the 
upper surface of the ?uid. Echo 120 is received by trans 
ducer 11 for ?ltering and processing. Once processed, any 
points that are above predetermined “noise threshold” levels 
are stored in the system. One such received pulse is shoWn 
graphically in FIG. 2. The positive and negative peaks of the 
acquired points that are outside the threshold levels are 
compared relative to each other to determine if the fre 
quency is Within a narroW band that corresponds to the 
outgoing signal. If the frequency is Within a narroW band 
that corresponds to the outgoing signal, then the received 
Waveform is deemed an echo. System 10 continues to 
receive and store the Waveform until the Waveform subsides 
and no further points outside of the threshold levels are 
received. The time from the ?rst to the last point is deter 
mined and stored as the echo Width. This echo Width can be 
used in a feedback mechanism to facilitate calculation of the 
sample WindoW duration, outgoing pulse Width, pulse ampli 
tude, and ampli?er gain settings, and, for varying sampling 
WindoWs. 

[0033] As shoWn graphically in FIG. 2, to determine the 
actual time of echo 120, system 10 identi?es the points 
Which correspond to, for example the ?rst ?ve maxima and 
minima. Once this has been established, the values are 
interpolated to determine the leading edge. In other embodi 
ments, a different quantity of minima and maxima can be 
utiliZed to facilitate the determination of the time of occur 
rence of the echo. Using such a system to determine echo 
time of occurrence leads to increased accuracy over systems 
Which utiliZe the peak amplitude as the echo occurrence. 

[0034] In addition to determining peaks, system 10 like 
Wise tracks noise (or other interference). If system 10 detects 
excess noise, then system 10 can deem the particular sample 
tainted and unusable. One manner in Which to track noise is 
to detect points Which are deemed to be unrelated to the 
determined echo (i.e. points Which exceed the threshold 
levels but do not correspond in frequency). If the number of 
points that exceed the threshold levels Which are deemed to 
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not be related to the determined echo exceeds a predeter 
mined level (for example, the quantity of such points 
exceeds ten for a particular echo), then system 10 rejects the 
previously determined echo as being possibly tainted due to 
excessive noise. System 10 further tracks the noise level and 
from this data determines an average noise level. The 
average noise level is used in the feedback portion of the 
system and can aid in the determination of the pulse Width, 
amplitude, and gain for future samplings. 

[0035] System 10 repeats the sampling process and con 
tinues to receive signals Within the particular sampling 
WindoW. For each received signal, a determination is made 
as to Whether the received signal comprises an echo. If the 
received signal is determined to be a valid echo, the echo is 
compared With previous echoes. If the echo time of occur 
rence substantially matches the relative time of previously 
determined echoes, or a time multiple of any one of the 
previously determined echoes, then system 10 recogniZes 
that the tWo echoes represent the same target. HoWever, if 
the different determined echoes do not have such a relative 
time relationship, then each determined echo is stored as 
representative of a separate target. 

[0036] Once each of the sampling WindoWs have been 
sampled a predetermined number of times (i.e. ten times or 
more, While not limited thereto), and the signals that have 
been determined to be valid echoes have been stored, system 
10 is prepared to analyZe these echoes. In particular, the 
echoes are placed in order by time betWeen the respective 
transmission of the pulse and the receipt of the echo (and 
echoes Which correspond temporally are grouped into an 
echo group). It Will be understood that repeated sampling 
during the acquisition process should yield an echo at 
substantially the same time during each sampling. For 
example, if ten samplings are taken, a given target should 
have produced an echo to transducer 11 for a majority of the 
samplings at approximately the same time. Thus, to deter 
mine if the stored echoes are valid, system 10 checks each 
echo to determine if any other echoes Were received Within 
a narroW predetermined time band of the echo under con 
sideration. If any echo group has, for example, feWer than 
ten or another predetermined number, then the echo group is 
dismissed as being noise or other interference as opposed to 
possibly corresponding to a target or group. Of course, 
system 10 can be modi?ed to be more or less inclusive, (i.e. 
echoes that did not occur during each sampling can be 
dismissed, or echoes that occurred in less than a predeter 
mined number of samples can be dismissed). This is 
repeated for each of the received echoes. After such a 
comparative analysis, the echoes that remain are designated 
as objects, and comprise potentially valid targets that have 
been acquired during the acquisition process. 

[0037] If no objects (possible targets) have been acquired, 
it is possible that the targets Were moving at such a rate that 
the acquiring process is unable to deem any one of the 
echoes as representative of a valid target. In such an 
instance, system 10 can alert the user to take steps to 
stabiliZe the potential targets before attempting to proceed 
With the steps related to acquiring the target. 

[0038] Once the potentially valid targets have been iden 
ti?ed, system 10 can folloW tWo different selection proce 
dures, namely an auto target select method or a manual 
select process. In the auto target select mode, system 10 
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automatically selects the desired target to track from the 
determined potentially valid targets. For example, this can 
be accomplished by identifying the target Which Was the ?rst 
valid target found (i.e. the echo With the earliest time of 
occurrence). In the manual select mode, system 10 provides 
the operator (through the output device) identi?cation of all 
of the potentially valid targets. The operator then selects 
Which, if any, of the valid targets the operator Wishes to 
track. 

[0039] In either mode, once the target has been identi?ed, 
system 10 proceeds to lock onto this target and to track this 
target. To lock onto the selected target, the sampling WindoW 
is ?rst set to a time period Which envelopes the time of the 
echo, the time period extends beyond the time of the actual 
echo (both before and after) a predetermined time period. 
For example, if the echo Was received after 10 ms, the 
WindoW may be set to extend from 9 ms to 11 ms. The siZe 
of the WindoW depends on the quantity of contemplated 
movement of the target as Well as the type of material that 
is measured, among other issues. System 10 likeWise ?ne 
tunes the pulse Width, amplitude, and ampli?er gain param 
eters for use during tracking (all of Which are based on the 
amplitude of the locked echo Waveform). 

[0040] To track the target that has been selected for 
tracking, system 10 directs transducer 11 to generate a pulse. 
The echo that is returned during the time period Which is 
encompassed by the sampling WindoW is then ampli?ed, 
?ltered, and digitiZed, then folloWed by a peak-?nding 
procedure identi?ed above. Once received, the echo is 
compared to the echo received during tracking. If the echoes 
correspond temporally to a predetermined valid time sepa 
ration, the neW occurrence is then stored and the process is 
repeated for a predetermined period of samples (i.e. ten 
samples, tWenty samples, etc). Also, the amplitude of the 
echo from the most recent sampling is used in the feedback 
mechanism to calculate pulse Width and amplitude and gain 
settings. 

[0041] If the echo is compared to the echo received during 
tracking and the echoes do not correspond to a particular 
valid time separation, then the neW echo must be analyZed 
to determine the cause of the time separation. For example, 
the target may have been displaced or an obstruction may 
have entered the path Which has obstructed the actual target. 
For example, the echo may be greater than the maxima of the 
predetermined WindoW. System 10, in turn, ?rst revieWs as 
to Whether previous signals shoWed a trend of movement 
that Would be consistent With the echo being greater than the 
maxima. If the previous signals did shoW such a trend, then 
the neW echo is deemed a valid echo. On the other hand, if 
the previous sampled echoes shoWed an opposite trend (i.e. 
an obstruction), then system 10 Will track the alternate echo 
and continue the sampling procedure until an echo is 
received that did correspond to the previous established 
trend. At such time that an echo is sampled that does 
correspond to the previous trend, then the echo is deemed a 
valid echo. The tracking and storing of echoes until a valid 
echo is determined can continue as long as obstructions 
block the target. As such, in certain circumstances, system 
10 Will track multiple echoes (i.e. greater than one echo, 
such as tWo, three, four or more) simultaneously until the 
valid echo is determined. As such, the target is not only 
tracked, it is not lost in the event that multiple obstructions 
are present. In addition, if trends upWard or doWnWard are 
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detected, then the system Will reset the sampling WindoW 
maxima and minima accordingly so that the sampling Win 
doW accurately corresponds to the WindoW in Which the 
appropriate echo is to be received. For example, an obstruc 
tion Would be betWeen the sensor and the target. The target 
then moves toWards the sensor and the obstruction until the 
target overlaps the obstruction. Finally, the target moves 
aWay from the obstruction, either toWard or aWay from the 
sensor. The invention facilitates the detection and tracking 
and discerning of the target even With the presence of the 
obstruction. 

[0042] As With the acquiring step, the tracking procedure 
executes the foregoing tracking sampling procedure mul 
tiples of times to insure accurate tracking (i.e. ten samples). 
System 10 can utiliZe statistical functions to minimiZe errors 
Which can occur from outside disturbances such as, for 
example, turbulence or temperature variations in the 
medium. Once the signals are statistically improved, they 
are converted into operator readable measurements and 
output is provided to the user. Once completed, system 10 
Will check if any particular output type is requested or if a 
neW target for tracking is desired. For example, Where tWo 
?uids that do not mix are contained Within a container, 
system 10 can be changed to track the interface betWeen the 
tWo ?uids or on the top surface of the upper ?uid. If no 
particular output type is requested and if no neW target is 
selected, then the tracking procedure is repeated With system 
10 taking the necessary samples. 

[0043] If at any time the target being tracked becomes lost, 
system 10 Will continue to sample for a predetermined 
number of cycles in an attempt to locate the target. If the 
target cannot be located Within a predetermined number of 
cycles, system 10 can enter into a quick acquire mode. The 
quick acquire mode differs from the steps associated With the 
above-identi?ed acquire mode in that the quick acquire 
mode designates a particular WindoW for sampling that is 
expanded over the narroW tracking WindoW but Which is less 
than the various sampling WindoWs used during a full 
acquire procedure identi?ed above. As such, if a target is 
lost, system 10 can quickly sample from an appropriately 
siZed sampling WindoW to reacquire the target. It Will be 
understood that if the target cannot be relocated, then it may 
become necessary to execute a full acquiring step. 

[0044] The foregoing description merely explains and 
illustrates the invention and the invention is not limited 
thereto except insofar as the appended claims are so limited, 
as those skilled in the art Who have the disclosure before 
them Will be able to make modi?cations Without departing 
from the scope of the invention. 

What is claimed is: 
1. A method for acquiring the position of at least one 

object, comprising the steps of: 

providing a sampling WindoW; 

obtaining an echo comprising the steps of: 

transmitting a pulse at a desired frequency from a 
transducer; 

scanning for echoes Within the sampling WindoW by a 
receiver; and 

receiving at least one echo of the pulse at the receiver 
Which are Within the sampling WindoW, the at least 
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one echo having a frequency that matches the fre 
quency of the outgoing pulse; 

repeating the foregoing step of obtaining an echo a 
predetermined number of times; 

determining which of the at least one echoes received by 
the receiver comprises a valid echo; and 

determining if any of the at least one echoes corresponds 
to a valid target. 

2. The method of claim 1, Wherein the step of valid echo 
deterrnining comprises the steps of: 

establishing a threshold arnplitude; 

storing portions of each of the at least one received echo 
Which are outside of the threshold arnplitude; 

correlating the frequency of the received at least one echo 
to the frequency of the respective pulse; and 

storing the at least one echo if the frequency of the 
received at least one echo substantially corresponds to 
the frequency of the respective pulse as a possible 
target echo. 

3. The method of claim 2, Wherein the step of obtaining 
further comprises the step of: 

dismissing the at least one echo if the frequency of the 
received at least one echo does not substantially cor 
respond to the frequency of the respective pulse. 

4. The method of claim 2, further comprising the step of: 

determining the time of occurrence of the at least one echo 
determined to be a valid echo. 

5. The method of claim 4, Wherein the step of time of 
occurrence deterrnining comprises the step of: 

interpolating one of a ?rst arnplitude rnaXirna and rninirna 
With a predetermined later arnplitude rnaXirna and 
rninirna, to, in turn, determine the temporal occurrence 
of the at least one echo. 

6. The method of claim 5, Wherein the step of interpolat 
ing utiliZes the greater of the ?rst arnplitude rnaXirna and 
rninirna With the greater of the ?fth arnplitude rnaXirna and 
rninirna. 

7. The method of claim 1, Wherein the predetermined 
number of times cornprises ten times. 

8. The method of claim 1, Wherein the step of target 
deterrnining comprises the steps of: 

comparing each of the at least one valid echoes to each 

other; 

grouping echoes Which are ternporally related into an 
echo group; and 

identifying each echo group having a predetermined num 
ber of related echoes as a target. 

9. The method of claim 8, Wherein the predetermined 
number of related echoes comprises at least seventy percent 
of the predetermined number of pulses. 

10. The method of claim 1, Wherein the step of providing 
a sampling WindoW comprises the steps of: 

providing a range Within Which to acquire a target; and 

dividing the range into a plurality of sampling WindoWs. 
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11. A method of tracking an object comprising the steps 
of: 

acquiring the position of at least one object; 

selecting the at least one object as a target; 

determining a sampling WindoW Which envelopes the 
target; 

obtaining an echo comprising the steps of: 

transmitting a pulse at a desired frequency from a 
transducer; 

scanning for echoes Within the sampling WindoW by a 
receiver; and 

receiving at least one echo of the pulse at the receiver 
Which are Within the sampling WindoW the at least 
one echo having a frequency that matches the out 
going pulse frequency; 

repeating the foregoing step of obtaining an echo a 
predetermined number of times; 

deterrnining valid echoes from the target; 

calculating the current position of the target from the 
received echoes; and 

repeating the steps of obtaining, repeating, determining 
and calculating as desired. 

12. The method of claim 11, Wherein the predetermined 
number of times cornprises ten times. 

13. The method of claim 11, further comprising the step 
of: 

providing output to an output device corresponding to the 
current position of the target. 

14. The method of claim 11, Wherein the step of acquiring 
comprises the steps of: 

providing a sampling WindoW; 
obtaining an echo comprising the steps of: 

transmitting a pulse at a desired frequency from a 
transducer; 

scanning for echoes Within the sampling WindoW by a 
receiver; and 

receiving at least one echo of the pulse at the receiver 
Which are Within the sampling WindoW, the at least 
one echo having a frequency that matches the out 
going pulse frequency; 

repeating the foregoing step of obtaining an echo a 
predetermined number of times; 

determining which of the at least one echoes received by 
the receiver comprises a valid echo; and 

determining if any of the at least one echoes corresponds 
to a valid target. 

15. The method of claim 11, further comprising the step 
of: 

reacquiring the position of the at least one object if the 
step of determining a valid target fails to determine a 
target. 

16. The method of claim 15, Wherein the step of reac 
quiring comprises the steps of: 

eXpanding the previously selected sarnpling WindoW; and 
reeXecuting the step of repeating With the eXpanded 

sarnpling WindoW. 
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17. The method of claim 11, further comprising the steps 
of: 

comparing the current position of the target relative to the 
position of the target during a prior obtained calcula 
tion; 

determining a direction of movement for the target; and 

eXpanding the sampling WindoW in the direction of move 
ment. 

18. The method according to claim 17, further comprising 
the step of: 

contracting the sampling WindoW in the direction opposite 
of the movement. 
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19. The method according to claim 11, Wherein the step of 
selecting comprises the step of: 

automatically selecting the object closest to a predeter 
mined point. 

20. The method according to claim 11, Wherein the step of 
selecting comprises the steps of: 

outputting parameters corresponding to the various 
acquired objects to the output device; and 

inputting the desired object to be tracked by Way of the 
input device. 


