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tively small and when the projectile is moving in the same directon as
larger radar-reflecting frag- This invention relates generally to methods
and  ments. apparatus for measuring the muzzle velocity of a
According to the present invention there is projectile ejected from a gun
barrel, and, more   5   provided Doppler radar apparatus for determining
particularly, to methods and apparatus of this kind  the initial velocity
of a projectile ejected from a that measure velocity using Doppler radar.
muzzle, comprising radar means for producing a Apparatus of this particular
kind (an example of  Doppler signal indicative of movement of the pro-
which is disclosed in US Patent No 3 918 061) are  jectile relative to the
muzzle; Fourier transform frequently called muzzle velocity chronographs.
10   means for operating on the Doppler signal, and They include a radar
device mounted on the gun      detection means responsive to the Fourier
trans- barrel for directing a radar signal at the ejected  form means to
measure the velocity of the projec- projectile and correlating the radar
signal with a  tile characterised in that the Fourier transform reflected
return signal, to produce a conventional  means operates on a predetermined
plurality of [err] signal. Each cycle of the Doppler signal  is  segments
of the Doppler signal, each segment represents movement of the projectile
by a dis-      representing a separate time period, to produce a tance
equal to one-half the wavelength of the radar  corresponding plurality of
frequency spectrum sig- signal. The typical muzzle velocity chronograph
nals; and in that the detection means is responsive [err] the number of
cycles occurring in the Dopp-  to the plurality of frequency spectrum
signals, for [err] signal per unit time, to determine the projectile's  20
measuring the velocity of the projectile during the velocity: This process
is repeated incrementally, to  time period associated with each successive
seg- produce a velocity profile, from which the projec-  ment of the
Doppler signal; and includes means tile's initial muzzle velocity can be
determined.   responsive to the projectile velocities measured for
Chronographs of the kind described above,       the plurality of successive
time periods, for es- which utilize time domain processing, are usually  25
timating the initial, muzzle velocity of the projectile effective in
measuring a projectile's muzzle ve-    by extrapolation back to the zero
time intercept. locity. However, such chronographs have not prov-
According to the present invention there is en to be entirely effective in
situations where the  further provided a Doppler radar method for deter-
return signal from the projectile is relatively weak  mining the initial
velocity of the projectile ejected r where substantial interference is
present. This  30  from a muzzle, comprising the step of: producing a
occurs, for example, when certain base-bleed am-    Doppler signal
indicative of movement of the pro- munition is used, which produces
fragments that    jectile relative to the muzzle characterised by the are
significantly larger than the projectile of inter-  steps of operating on a
predetermined plurality of est.
segments of the Doppler signal, each segment The publication IEEE
Transactions on Aero-  35  representing a separate time period, to produce
a space and Electronic Systems Vol AES10, No 4,       corresponding
plurality of frequency spectrum sig- July 1974, pages 479 to 486 suggests a
velocity     nals, processing the plurality of frequency spec- nal
detection technique in which each possible   trum signals to measure the
velocity of the projec- frequency for which a signal magnitude exists is
tile during the time period associated with each used as a test frequency
and compared to a signal  40  successive segment of the Doppler signal; and
magnitude at a selected number of adjacent fre-     estimating the initial,
muzzle velocity of the projec- quencies on either side of the test
frequency. The  tile based on the projectile velocities measured by
instances in which the test frequency magnitude    the step of processing
for the plurality of succes- exceeds the magnitude at an adjacent frequency
sive time periods and extrapolating back to the are counted and a valid
velocity signal is assumed   45  zero time intercept. when the count
exceeds some threshold count            Methods and apparatus for
determining the value.                                              muzzle
velocity from a gun and embodying the While the IEEE article suggests the
transforma-  invention will now be described by way of example, tion of
radar Doppler signals into the frequency    with reference to the
accompanying diagrammatic domain it does not suggest use of the transforma-
50  drawings, in which: tion for a muzzle velocity radar system. Also, the
Fig 1 is a simplified block diagram of a Doppler method suggested would
have certain disadvan-         radar apparatus for measuring the initial,
muzzle tages if used in conjunction with a muzzle velocity   velocity of a
projectile ejected from a gun barrel; radar system.
Fig 2 is a simplified flowchart showing the oper- It should therefore be
appreciated that there is  55  ational steps performed by the signal
processor a need for an improved muzzle velocity chronog-       of Fig 1,
in processing the information present in raph that can effectively measure
a projectile's     the radar Doppler signal to determine the pro- muzzle
velocity even when the projectile is rela-    jectile's muzzle velocity; 2



3                 EP0277772B1                         4 Fig 3 is a graph
showing the frequency spec-     21 and an analog-to-digital (A/D) converter
23 for trum if one exemplary time segment of a radar    converting the
Doppler signal on line 19 into a Doppler singal processed by the apparatus
of     succession of digital words. The level shifter is Fig 1, a variable
threshold being superimposed   included merely to ensure that the Doppler
signal's on the graph and indicating the detection of one   5   voltage
levels are compatible with the A/D con- projectile and one group of
fragments;           verter. The level-shifted Doppler signal is transmit-
Fig 4 is a schematic diagram showing a pair of   ted from the level shifter
to the A/D converter on closely-spaced, sliding windows that are used to
line 24. The A/D converter's sample rate is prefer- produce a constant
false alarm rate threshold    ably on the order of 300 kilohertz, to ensure
that, at with which the frequency measurement [err] is  10  the standard
radar frequency used, the sample rate compared by the signal processor of
Fig 1.       is at least twice the highest expected frequency Fig 5 is an
expanded view of the portion of the  component of interest in the Doppler
signal. This graph of Fig 3, where the frequency measure-     prevents
aliasing errors that could lead to ambigu- ments corresponding to the
projectile are shown  ities in the projectile velocity measurements. to
exceed their respective thresholds; and  15       The successive samples
made by the A/D con- Fig 6 is a graph showing the projectile velocity
verter 23 are transmitted on lines 25 to a ran- measurements for a number
of successive time     domaccess memory that is part of a signal proces-
periods with a least mean square error velocity  sor 27. Samples are
accumulated for approximately >  profile also being shown and extended back
to    400 milliseconds, after which the signal processor the moment of
firing, to indicate the projectile's  20  begins processing the samples to
determine the initial muzzle velocity.                         projectile's
muzzle velocity. After the processing With reference now to the drawings,
and par-    has been completed, the signal processor transmits ticularly to
Fig 1, there is shown a chronograph   the muzzle velocity measurement on
line 29 to a apparatus for estimating the initial, muzzle velocity  display
device 31, for visible display. In addition, of a projectile 11 ejected
from a gun barrel 13. The   25  the muzzle velocity measurement can also be
apparatus estimates the projectile's muzzle velocity  transmitted to a fire
control apparatus (not shown in based on a succession of velocity
measurements     the drawings), for adjusting the gun barrel's direc- made
as the projectile moves rapidly away, to a    tion for subsequent firings.
range of as much as about one thousand meters.         Firing of the gun 13
creates an ionization of the The apparatus includes a radar device 15
mounted   30  space immediately surrounding it. This ionization, on the gun
and having an antenna 17 for transmit-  which has a duration of about 50 to
100 millisec- ting a radar signal in the expected direction of the  onds,
effectively precludes the obtaining of any ejected projectile. Return
signals reflected from the  significant information from the Doppler signal
dur- projectile, and any other objects (e.g. fragments  ing this period.
The apparatus therefore includes a 18) located in the path of the radar
signals, are  35  trigger detector 33 and a delay counter 35 for received
by the same antenna and correlated by      enabling operation of the A/D
converter 23 only the radar device with the original radar signals, to
after the ionization has dissipated. In particular, the produce a Doppler
signal for output on line 19.    trigger detector monitors the  Doppler
signal Return radar signal pulses received from any ob-    present on line
19 and senses any large increase ject moving away from the gun barrel 13
will have   40  in power, which indicates the firing of the gun. An a
frequency that is lower than the transmit fre-    appropriate trigger
signal is then transmitted on line quency by an amount proportional to the
object's    37 to the delay counter, which times out a pre- instantaneous
velocity. The Doppler signal there-   determined delay on the order of 50
to 100 mil- fore will include a component having a frequency   liseconds,
after which an enable signal is transmit- proportional to this difference.
In the past, systems   45  ted to the A/D converter on line 39. of this
kind have typically measured this velocity     As previously mentioned, the
signal processor by simply counting the number of cycles occurring  27
processes the successive Doppler signal sam- in the Doppler signal over a
predetermined time     ples stored in its random-access memory to deter-
period. This has not proven effective, however, in  mine the projectile's
initial, muzzle velocity. A sim- situtations where the Doppler signal
includes sig-  50  plified flowchart of the operational steps the signal
nificant frequency components derived from other    processor performs is
depicted in Fig. 2. In an moving objects 18 in the general direction of the
initial step 41, the Doppler signal samsples are projectile 11 of interest,
which can mask the Dopp-  arranged into K groups of N time samples each,
ler signal component of interest.                   where K and N are
integers, e.g. 30 and 1024 The apparatus of Fig 1 overcomes this defi-  55
respectively. Each of the K successive groups re- ciency of prior
chronograph apparatus by digitally  spresents a successive time segment in
the Dopp- processing the Doppler signal in the frequency     ler signal.
Succeeding steps in the flowchart will domain. Thus, the apparatus includes
a level shifter  measure the projectile's average velocity during 3  



5                 EP 0 277 772 B1                     6 each such time
segment. By noting a regular de-     peak to those thresholds. This
phenomenon is evi- crease in this velocity with time, a measure of the
dent in Fig 3, where it is observed that the thresh- projectile's initial,
muzzle velocity then can be de-  old generally follows the level of the
frequency duced.                                             measurements
except in the region of peaks, After the digitized time samples have been
5   where it increases substantially on each side of the arranged in the
predetermined sequence, the sig-    peaks. nal processor 27, at step 43,
selects the first group  In a following step 57 of the program, the of
samples, which corresponds to the first time    signal processor 27
examines the particular fre- segment in the Doppler signal. The processor
quency measurement that are determined in step thereafter enters a loop
that will be repeated for  10  53 to exceed their respective thresholds.
Typically, each of the K groups of samples.                   two or three
adjacent frequency measurements will In an initial step 45 of the program
loop, the  exceed their thresholds. One exemplary situation is signal
processor 27 computes the fast-Fourier       depicted in Fig 5, where the
measurements for transform of the first group of N time samples. This
several adjacent frequencies are depicted in bar produces a corresponding
number of N frequency   15  graph form by solid lines 59 and their
respective measurements, forming a frequency spectrum sig-      thresholds
are depicted by dotted lines 61. In the nal for the first group of samples,
and thus for the  depicted example, three adjacent frequency mea- first
time segment of the Doppler signal. Fig. 3   surements exceed their
respective thresholds. A [err] one such set of frequency measurements,
more precise measure of the projectile's Doppler [err] an exemplary group
of N Doppler signal sam-   20  frequency, and thus velocity, is obtained by
Inter- ples. Several peaks in the depicted frequency mea-   polating the
three adjacent frequency measure- surements will be noted, one such peak 47
at a      ments. In particular, the processor determines the relatively low
frequency, a second peak 49 at an    weighted average, or centre of
gravity, of those intermediate frequency, and a third peak 51 at a
adjacent measurements exceeding the threshold. relatively high frequency.
Significant noise is  25   This weighted average is indicated by the arrow
63 present across the entire frequency range. The     in Fig 5.
Interpolating in this fashion yields velocity low-frequency peak 47 is due
principally to the     measurements having a precision at least an order
ionization effect that occurs upon firing of the gun  of magnitude greater
than that provided by the 13, as described above. The intermediate-frequen-
peak frequency measurements, without interpola- cy peak 49 is due to the
presence of relatively  30  tion. slow-moving fragments 18 (Fig. 1) present
in the       In low signal-to-noise ratio situations, such as general
direction of the projectile 11 of interest.  when the projectile 11 has
moved a large distance The relatively high-frequency peak 51 is due to a
away from the gun 13, sometimes just a single reflection from the
projectile 11 of interest.     frequency measurement will exceed its CFAR
In a following step 53, the signal processor 27   35  threshold 55. When
that occurs, the interpolation detects the presence of peaks in the digital
fre-   procedure of step 57 is modified to include not quency spectrum  of
Fig 3 by comparing each-        only the particular measurement exceeding
the frequency measurement with a threshold 55 that is   threshold, but also
the two measurements imme- especially selected in accordance with the
general  diately above and below it. noise level in its region of the
spectrum. This  40    As previously mentioned, the CFAR thresholds variable
threshold can be referred to as a constant  55 will frequently be exceeded
by multiple fre- false alrm rate (CFAR) threshold. For each fre-     quency
measurements, which represents not only quency, the CFAR threshold is
selected to be a      the projectile 11 of interest, but also slower-moving
certain fraction of the average of a predetermined  fragments 18 associated
with the projectile. In addi- plurality of frequency measurements
immediately  45  tion, because of distortion in the Doppler signal both
above and below the frequency in question.    produced by the radar device
13, harmonics of Preferably, a sliding window gating technique is   these
frequencies can sometimes also be present. used, in which the frequency
measurements on        Sometimes, these harmonics can even be of suf- both
sides of the frequency measurement in ques-   ficent magnitude to cause
their frequency measure- tion, extending from  two frequency increments  50
ments to exceed the thresholds. The signal proces- away to eighteen
frequency increments away, are    sor 27 eliminates these effects in step
65. In par- averaged. This sliding window gating function is   ticular, the
signal processor compares the frequen- depicted schematically in Fig 4.
cy of each measurement that exceeds its respec- The effect of the variable
CFAR threshold tech-  tive threshold with the frequencies of any lower
nique described above is to cuase the threshold 55  55  frequency
measurements that likewise exceed their to be artificially increased for
frequencies on both  respective thresholds. If the frequencies are har-
sides of the frequency of the projectile peak 51,   monically related, the
higher frequency measure- because of the contribution of that measurement
ment is disregarded. 4 



7                 EP 0 277 772 B1                     8 Also in step 65,
the signal processor 27 asso-  ing those particular measurements that are
consid- ciates together each velocity measurement with the  ered to be
excessively distant from the LMS curve corresponding velocity measurements
derived from    can continue, in an iteratively, until a final, accept-
previous groups of data. Of course, in the first pass  able LMS curve is
derived. This procedure is re- through the program loop (steps 45-65),
there are   5   peated for each file of velocity measurements, no such
prior velocity measurements available, so  such that a separate LMS curve
is derived for all of this portion of step 65 is bypassed. However, in
the moving objects detected, including the projec- subsequent passes
through the program loop, a      tile 11 and any fragments 18. separate
file will be maintained for the successive    After the final LMS curves
have been derived, velocity measurements derived for each moving   10  the
signal processor 27, at step 73, uses an appro- object, including the
projectile 11 of interest.    priate regression algorithm to determine the
zero The association of each velocity measurement    intercept of the LMS
curve for each file. This cor- with prior velocity measurements determined
to     responds to the initial, muzzle velocities of the correspond to the
same object is achieved by        projectile 11 and any fragments 18.
requiring each successive measurement to be with-  is  After determining
the initial, muzzle velocities in a prescribed percentage (e.g. 2 percent)
of the   of the projectile 11 and any fragments 18, the measurement for the
next preceding group of data.   signal processor 27, at step 75, selects
the particu- If the velocities of successive measurements differ  lar one
of these determinations that is considered by more than this percentage, it
is assumed that   to be most likely that of the projectile 11. This they
relate to different objects.              20  determination can be made in
accordance of any of In a further step 67 of the program loop, the   a
number of appropriate bases, such as signal signal processor 27 determines
whether or not the   strength, expected velocity, etc. current pass through
the loop is the last of the K     Finally, at step 77, the signal processor
27 passes. If it is not, the processor increments, at  displays the
projectile's final muzzle velocity deter- step 69, to the next succeeding
group of Doppler  25   mination on the display device 31 (Fig 1). In addi-
signal samples, and makes another pass through     tion, and as mentioned
briefly above, this muzzle the program loop, beginning with step 45.
velocity determination can be used in a fire control On the other hand, if
it is determined at step  system (not shown in the drawings), in which an
67 that all K groups of Doppler signal samples      adjustment is made to
the pointing direction of the have been processed, the signal processor 27
pro-  30  gun barrel 13, for succeeding firings. ceeds to a number of
additional steps in which the     It should be appreciated from the
foregoing successive velocity measurements are further pro-   description
that the present invention provides an cessed to arrive at a precise
measure of the pro-   effective apparatus and method for accurately and
jectile's initial, muzzle velocity. At this stage of the  precisely
measuring the muzzle velocity of a pro- processing, it should be noted that
a seperate file  35  jectile ejected from a gun barrel. A conventional of
up to K successive velocity measurements is     radar Doppler signal is
sampled and digitized and stored for each object detected by the radar
device  arranged in a succession of groups, each group [err] (Fig 1). Each
entry in each file represents the   representing a separate time period. A
fast-Fourier velocity measurement, for a particular object during
transform is then computed for each group of sam- one of the K successive
time periods. Because the   40  ples, and peak frequency measurements in
the velocities of the projectile 11 and fragments 18   transformed data are
tracked from one time period generally decrease with time, these velocity
mea-   to the next. These peaks indicate the velocities of surements
determinations should be uniformally     the projectile of interest and any
other nearby decreasing. An example of this decreasing pattern   moving
objects. Finally, a least mean square error is depicted in Fig 6.
45  curve fit and standard regression algorithm are In step 71, the signal
processor 27 selects a   used to deduce the projectile's initial, muzzle
ve- particular linear curve 72 that best fits the file of  locity. The
invention provides accurate muzzle ve- generally decreasing velocity
measurements, as     locity determinations even in circumstances where
shown in Fig 6. A least mean square error (LMS)    the Doppler signal
contains substantial interference algorithm is preferably used in making
this selec-  50  caused, for example, by random noise and the tion. It will
be noted in Fig 6 that several of the  presence of moving fragments in the
direction of velocity measurements appear to differ substan-     the
projectile. tially from the LMS linear curve estimate. In one detailed
aspect of the invention, the processor des-  Claims regards these
particular velocity measurements  55 and recomputes the linear curve based
on the        1. Doppler radar apparatus for determining the remaining
velocity measurements, which are pre-        initial velocity of a
projectile (11) ejected from sumably more accurate. This process of
eliminat-       a muzzle (13), comprising: 



5    7                 EP 0 277 772 B1                     8 Also in step
65, the signal processor 27 asso-  ing those particular measurements that
are consid- ciates together each velocity measurement with the  ered to be
excessively distant from the LMS curve corresponding velocity measurements
derived from    can continue, in an iteratively, until a final, accept-
previous groups of data. Of course, in the first pass  able LMS curve is
derived. This procedure is re- through the program loop (steps 45-65),
there are   5   peated for each file of velocity measurements, no such
prior velocity measurements available, so   such that a separate LMS curve
is derived for all of this portion of step 65 is bypassed. However, in
the moving objects detected, including the projec- subsequent passes
through the program  loop, a      tile 11 and any fragments 18. separate
file will be maintained for the successive    After the final LMS curves
have been derived, velocity measurements derived for each moving   10  the
signal processor 27, at step 73, uses an appro- object, including the
projectile 11 of interest.    priate regression algorithm to determine the
zero The association of each velocity measurement    intercept of the LMS
curve for each file. This cor- with prior velocity measurements determined
to      responds to the initial, muzzle velocities of the correspond to the
same object is achieved by        projectile 11 and any fragments 18.
requiring each successive measurement to be with-  15  After determining
the initial, muzzle velocities in a prescribed percentage (e.g. 2 percent)
of the  of the projectile 11 and any fragments 18, the measurement for the
next preceding group of data.   signal processor 27, at step 75, selects
the particu- If the velocities of successive measurements differ  lar one
of these determinations that is considered by more than this percentage, it
is assumed that    to be most likely that of the projectile 11. This hey
relate to different objects.               20   determination can be made
in accordance of any of In a further step 67 of the program loop, the    a
number of appropriate bases, such as signal signal processor 27 determines
whether or not the   strength, expected velocity, etc. current pass through
the loop is the last of the K      Finally, at step 77, the signal
processor 27 passes. If it is not, the processor increments, at  displays
the projectile's final muzzle velocity deter- step 69, to the next
succeeding group of Doppler  25   mination on the display device 31 (Fig
1). In addi- signal samples, and makes another pass through      tion, and
as mentioned briefly above, this muzzle the program loop, beginning with
step 45.           velocity determination can be used in a fire control On
the other hand, if it is determined at step   system (not shown in the
drawings), in which an 67 that all K groups of Doppler signal samples
adjustment is made to the pointing direction of the have been processed,
the signal processor 27 pro-   30  gun barrel 13, for succeeding firings.
ceeds to a number of additional steps in which the      It should be
appreciated from the foregoing successive velocity measurements are further
pro-   description that the present invention provides an cessed to arrive
at a precise measure of the pro-   effective apparatus and method for
accurately and jectile's initial, muzzle velocity. At this stage of the
precisely measuring the muzzle velocity of a pro- processing, it should be
noted that a seperate file  35  jectile ejected from a gun barrel. A
conventional of up to K successive velocity measurements is      radar
Doppler signal is sampled and digitized and stored for each object detected
by the radar device  arranged in a succession of groups, each group :5 (Fig
1). Each entry in each file represents the  representing a separate time
period. A fast-Fourier velocity measurement, for a particular object during
transform is then computed for each group of sam- one of the K successive
time periods. Because the   40   ples, and peak frequency measurements in
the velocities of the projectile 11 and fragments 18    transformed data
are tracked from one time period generally decrease with time, these
velocity mea-   to the next. These peaks indicate the velocities of
surements determinations should be uniformally      the projectile of
interest and any other nearby decreasing. An example of this decreasing
pattern   moving objects. Finally, a least mean square error is depicted in
Fig 6.                          45  curve fit and standard regression
algorithm  are In step 71, the signal processor 27 selects a    used to
deduce the projectile's initial, muzzle ve- particular linear curve 72 that
best fits the file of  locity. The invention provides accurate muzzle ve-
generally decreasing velocity measurements, as      locity determinations
even in circumstances where shown in Fig 6. A least mean square error (LMS)
the Doppler signal contains substantial interference algorithm is
preferably used in making this selec-  50  caused, for example, by random
noise and the tion. It will be noted in Fig 6 that several of the  presence
of moving fragments in the direction of velocity measurements appear to
differ substan-     the projectile. tially from the LMS linear curve
estimate. In one detailed aspect of the invention, the processor des-
Claims regards these particular velocity measurements  55 and recomputes
the linear curve based on the        1. Doppler radar apparatus for
determining the remaining velocity measurements, which are pre-
initial velocity of a projectile (11) ejected from 



sumably more accurate. This process of eliminat-        a muzzle (13),
comprising:    9                 EP 0 277 772 B1                        10
radar means (15) for producing a Doppler        range of discrete frequency
measurements be- signal (19) indicative of movement of the pro-      ing a
separate frequency spectrum signal; in jectile (11) relative to the muzzle
(13);          that Fourier transform means (21, 23, 27) for           the
threshold means produces a separate operating on the Doppler signal (19),
and de-   5  threshold for each frequency measurement in tection means (27)
responsive to the Fourier        each frequency spectrum signal, based on
the transform means (21, 23, 27) to measure the         average values of
the discrete frequency mea- velocity of the projectile (11) characterised
in   surements for a predetermined plurality of that the Fourier transform
means (21, 23, 27)       nearby frequencies. operates on a predetermined
plurality of seg-   10 ments of the Doppler signal (19), each seg-     5.
Doppler radar apparatus according to Claim 1 ment representing a separate
time period, to       characterised in that the Fourier transform produce a
corresponding plurality of frequency      means (21, 23, 27) includes
analog-to-digital spectrum  signals; and in that the detection
converter means for converting the Doppler means (27) is responsive to the
plurality of  15    signal to a sequence of digital words, arranged
frequency spectrum signals, for measuring the       in K successive groups
of N digital words velocity of the projectile (11) during the time
each, and period associated with each successive seg-
fast-Fourier transform means for operating ment of the Doppler signal; and
includes            on the N digital words in each of the K succes- means
(27) responsive to the projectile veloci-  20  sive groups, to produce a
range of discrete ties measured for the plurality of successive
frequency measurements for each group, each time periods, for estimating
the initial, muzzle    such range representing the frequency spec- velocity
of the projectile (11) by extrapolation   trum for a separate time segment
of the Dopp- back to the zero time intercept.                   ler signal,
and in that the 25          detection means (27) operates on the 2. Doppler
radar apparatus according to Claim 1,       range of discrete frequency
measurements for characterised in that the detection means (27)      each
of the K groups, to measure the velocity includes comparator means for
comparing            of the projectile during the time period asso- each of
the plurality of frequency spectrum        ciated with the corresponding
group of N digi- signals with a prescribed threshold that varies  so  tal
words and operates on the K successive with frequency and with the amount
of super-        projectile velocity measurements, to provide imposed
noise, the comparator means also           said estimate of the
projectile's initial, muzzle determining that portions of the signals ex-
velocity. ceeding the threshold result from one or more moving objects,
including the projectile whose   35  6. Doppler radar apparatus according
to Claim 5, initial, muzzle velocity is being estimated.
characterised in that the detection means (27) includes comparator means
for comparing Doppler radar apparatus according to Claim 2,       each of
the plurality of frequency measure- characterised in that the detection
means fur-      ments with a prescribed threshold that varies ther includes
threshold means for producing a   40  in accordance with the levels of
frequency separate threshold for each of a plurality of       measurements
for nearby frequencies and for frequencies in each of the plurality of fre-
determining that frequency measurements ex- quency spectrum signals, each
such threshold        ceeding the threshold result form one or more being
selected in accordance with the levels of     moving objects, including the
projectile whose the frequency spectrum signal for nearby fre-  46
initial, muzzle velocity is being estimated. quencies. 7. Doppler radar
apparatus according to Claim 5 4. Doppler radar apparatus according to
Claim 3,       or to Claim 6, characterised in that the detec-
characterised in that:                             tion means (27) further
includes interpolation the Fourier transform means includes   so
means for determining the signals determined analog-to-digital converter
means for con-      by the comparator means to exceed the verting the
Doppler signal to a sequence of         threshold or their respective
thresholds, to de- digital words that are arranged in groups of N
termine the average velocity of the projectile digital words each, and
during the time period associated with each fast-Fourier transform means
for operating   55  successive time segment of the Doppler sig- on the N
digital words in each successive           nal. group of words, to produce
a range of discrete 



frequency signals for each group, each such 6    11                EP 0 277
772 B1                     12 8.  Doppler radar apparatus according to any
pre-       ments that is harmonically related to any other ceding claim,
characterised in that                velocity measurement; and regression
means one or more additional moving objects are       for defining an
initial velocity profile that pro- located in the direction of the
projectile (11);   vides the least mean square error based on and in that
5       the velocity measurements made by the inter- the detection means
includes means for          polation means and associations means for the
measuring the respective velocities of the pro-    plurality of successive
time periods, the re- jectile and the one or more additional moving
gression means including means for discarding objects during the time
period associated with     any velocity measurements differing by more each
successive segment of the Doppler sig-  10    than a predetermined amount
from the initial nal.
velocity profile and for redefining the velocity profile based on the
velocity measurements 9. Doppler radar apparatus according to Claim 8,
remaining, the redefined velocity profile indi- characterised in that the
detection means (27)       cating the projectile's initial, muzzle
velocity. further includes association means for as-  15 sociating together
the particular velocity mea-  14. Doppler radar apparatus according to any
pre- surements in each of the successive time            ceding claim,
characterised in that: periods corresponding to the respective pro-
the projectile (11) whose velocity is to be jectile and one or more
additional moving ob-        measured is ejected from an explosive gun
jects, the association means including means   20   (13); and in that for
comparing each velocity measurement with           the apparatus further
includes means (33, velocity measurements made for previous time        35)
for disabling the apparatus from measuring periods, if any.
the projectile's velocity for a predetermined time period, until any
ionization associated with 10. Doppler radar apparatus according to Claim
8,  25  firing of the gun (13) has substantially dis- characterised in that
the detection means (27)     sipated. includes means, operable during each
time period, for comparing the velocity measure-     15. A Doppler radar
method for determining the ments of the projectile and one or more addi-
initial velocity of a projectile (11) ejected from tional moving objects to
each other and for  30     a muzzle (13), comprising the step of:
discarding any velocity measurement that is            producing a Doppler
signal (19) indicative harmonically related to any other velocity mea-
of movement of the projectile (11) relative to surement.
the muzzle characterised by the steps of op- erating on a predetermined
plurality of seg- 11. Doppler radar apparatus according to any pre-  35
ments of the Doppler signal (19), each seg- ceding claim, characterised in
that the detec-      ment representing a separate time period, to tion
means (27) includes means for defining an      produce a corresponding
plurality of frequency initial velocity profile that provides the least
spectrum signals; mean square error based on the velocity mea-
processing the plurality of frequency spec- surements made by the detection
means for  40      trum signals to measure the velocity of the the
plurality of successive time periods.           projectile during the time
period associated with each successive segment of the Doppler 12. Doppler
radar apparatus according to Claim         signal; and 11, characterised in
that the detection means          estimating the initial, muzzle velocity
of the (27) further includes means for discarding any   45  projectile (11)
based on the projectile velocities velocity measurements differing by more
than        measured by the step of processing for the a predetermined
amount from the initial ve-         plurality of successive time periods
and ex- locity profile and for redefining the velocity     trapolating back
to the zero time intercept. profile based on the velocity measurements
remaining.                                 50  16. A Doppler radar method
according to Claim 15 characterised in that the step of processing 13.
Doppler radar apparatus according to Claim 9      includes steps of:
characterised by                                       comparing each of
the plurality of frequen- harmonic elimination means, operable dur-
cy spectrum signals with a prescribed thresh- ing each time period, for
comparing the ve-  55     old that varies with frequency and with the
locity measurements of the projectile and one      amount of superimposed
noise; and 



or more additional moving objects to each oth-         determining that
portion of the signals ex- er and for discarding any velocity measure-
ceeding the threshold result from one or more    13
EP0277772B1                        14 moving objects, including the
projectile whose     to the respective projectile and the one or initial,
muzzle velocity is being estimated.       more additional moving objects,
the step of associating including a step of comparing each 17. A Doppler
radar method according to Claim         velocity measurement with velocity
measure- 16, characterised in that the step of processing    5  ments made
for previous time periods, if any. further includes a step of producing a
separate threshold for each of a plurality of frequencies  22. A Doppler
radar method according to Claim in each of the plurality of frequency
spectrum     21, characterised in that the step of processing signals, each
such threshold being selected in     includes a step of comparing the
velocity mea- accordance with the levels of the frequency   10    surements
to each other during each time pe- spectrum signal for nearby frequencies.
riod and discarding any velocity measurement that is harmonically related
to any other ve- 18 A Doppler radar method according to Claim
locity measurement. 17, characterised in that the step of operating
includes steps of                          15  23. A Doppler radar method
according to any one converting the Doppler signal (19) to a         of
Claims 15 to 22, characterised in that the sequence of digital words that
are arranged in      step of estimating includes a step of defining groups
of N digital words each, and                 an initial velocity profile
that provides the least operating on the N digital words in each
mean square error based on the velocity mea- successive group of words, to
produce a range   20  surements made in the step of processing for of
discrete frequency measurements for each        the plurality of successive
time periods. group, each such range of discrete frequency measurements
being a separate frequency         24. A Doppier radar method according to
Claim spectrum signal; and                               23, characterised
in that the step of estimating the step of producing includes a step of  25
further includes steps of discarding any ve- producing a separate threshold
for each fre-       locity measurements differing by more than a quency
measurement in each frequency spec-          predetermined amount from the
initial velocity trum signal, based on the average values of
profile, and redefining the velocity profile the discrete frequency
measurements for a           based on the velocity measurements remain-
predetermined plurality of nearby frequencies.   30  ing. 19. A Doppler
radar method according to any one    25. A Doppler radar method according
to any one of Claims 16 to 18, characterised in that the       of Claims 15
to 24, characterised in that step of processing further includes a step of
the projectile (11) whose velocity is to be interpolating those portions of
each of the plu-  35  measured is ejected from an explosive gun rality of
frequency spectrum signals that are      (13); and determined in the step
of comparing to exceed          in that the method further includes a step
the threshold, to determine the average ve-          of inhibiting the
method from measuring the locity of the projectile (11) during the time
projectile's velocity for a predetermined time period associated with each
successive seg-   40    period, until any ionization associated with fir-
ment of the Doppler signal.                        ing of the gun (13) has
substantially dissipated. 20. A Doppler radar method according to any one
PatentansprUche of Claims 15 to 19, characterised in that one or more
additional moving objects are  45  1. Dopplerradarvorrichtung zur
Bestimmung der located in the direction of the projectile (11);
Anfangsgeschwindigkeit eines aus elner MUn- and in that the step of
processing includes a       dung (13) austretenden Projektils (11) mit Ra-
step of measuring the respective velocities of      darmittel (15) zur
Erzeugung eines Dopplersi- the projectile (11) and the one or more ad-
gnals (19), das die Bewegung des Projektils ditonal moving objects during
the time period   50  (11) relativ zu der MOndung (13) anzeigt, das
associated with each successive segment of          Dopplersignal  (19)
verarbeitende  Fourier- the Doppler signal (19).
Transformationsmittel (21, 23, 27) und auf die
Fourier-Transformationsmittel (21, 23, 27) zur 21. A Doppler radar method
according to Claim          Messung der Geschwindigkeit des Projektils 20,
characterised in that the step of processing   *s  (11) empfindliche
Detektionsmittel (27), da- further includes a step of associating together
durch gekennzelchnet, daB das Fourier- the particular velocity measurements
in each       Transformationsmittel (21, 23, 27) eine vorbe- of the
successive time periods corresponding       stlmmte Vielzahl von
Abschnitten des Doppler- 
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bearbeitet, wobei jeder Abschnitt     Schwellwert erzeugt, der aus dem
Mittelwert einen selbstandigen Zeitraum  darstellt, um        von diskreten
Frequenzmessungen fOr eine elne entsprechende VieIzahl von Frequenz-
vorbestimmte Vieizahl von benachbarten Fre- spektrumssignalen zu erzeugen,
daB das De-         quenzen gebildet ist. tektonsmittel (27) empflndlich
auf die Vielzahl   6 der Frequenzspektrumssignale ist, um die Ge-   5.
Dopplerradarvorrichtung nach Anspruch 1, da- schwindigkeit des Projektils
(11) wfhrend der      durch gekennzeichnet, daBl das Fourier-Trans- mit
jedem aufeinanderfolgenden Abschnitt des       forrnationsmittel (21, 23,
27) Analog-zu-Digital- Dopplersignals  verbundenen  Zeitdauer zu
Wandler einschlielt, welche das Dopplersignal messen und schlleft faIr die
Vielzahl der auf-  10  in eine Abfolge von digitalen Datens~tzen um-
einanderfolgenden  Zeitdauern  gemessenen          wandeln, welche in K
aufeinanderfolgende Projektilgeschwindigkeiten empfindliche Mittel
Gruppen von jeweils N digitalen Datensltzen (27) ein, um  die anfingliche
MOndungsge-          angeordnet sind, und Mittel zur schnellen
schwindigkeit des Projektils (11) durch Rack-      Fourier-Transformation
zum Bearbelten der N extrapolation auf den Schnittpunkt mit der  is
digitalen Datensatze in jeder der K aufeinan- Startzeit abzuschatzen.
derfolgenden Gruppen, um einen Bereich von diskreten Frequenzmessungen far
jede Gruppe 2. Dopplerradarvorrichtung nach Anspruch 1, da-       zu
erzeugen, wobel jeder Bereich ein Fre- durch gekennzeichnet, daB das
Detektionsmit-       quenzspektrum  fOr elnen einzelnen Zeitab- tel (27)
Vergleichsmittei einschlieBt, um jedes   20  schnitt des Dopplersignals
darstellt und daB der Vielzahl von Frequenzspektrumssignalen         die
Detektionsmittel (27) den Bereich der dis- mit einem vorbestimmten
Schwellwert zu ver-        kreten Frequenzmessungen fUr jeder der K
gleichen, der mit der Frequenz und der St~rke      Gruppen bearbeltet, um
die Geschwindigkeit des Uberlagerten Rauschens varilert, wobei die     des
Projektils wthrend des mit der entspre- Vergleichsmittel ebenso bestimmen,
daB die  25     chenden Gruppe von N digitalen Datensitzen den Schwellwert
Oberschreitenden Signale von       verbundenen Zeitabschnittes zu messen
und einem oder mehr sich bewegenden Objekten           daB die
Detektionsmittel die K aufeinanderfol- stammen, welche das Projektil,
dessen anfang-      genden   Projektilgeschwindigkeitsmessungen liche
MUndungsgeschwindigkeit zu bestimmen         bearbeiten, um die anflngliche
MUndungsge- ist, einschlieBen.                         30
schwindigkeit des Projektils abzuschatzen. 3  Dopplerradarvorrichtung nach
Anspruch 2, da-    6. Dopplerradarvorrichtung nach Anspruch 5, da- durch
gekennzeichnet, daB das Detektionsmit-       durch gekennzeichnet, daB das
Detektionsmit- tel weiterhin Schwellwertmittel einschlieBt, um   tel (27)
Vergleichsmittel einschlieBt, um jede far jede der Vieizahl von Frequenzen
in jedem   35  der Vieizahl von Frequenzmessungen mit ei- der Vieizahl von
Frequenzspektrumssignalen         nem vorbestimmten Schwellwert zu verglel-
einen elgenen Schwellwert zu erzeugen, wobei       chen, der in
Obereinstimmung mit den Signal- dieser Schwellwert in Obereinstimmung mit
starken von Frequenzmessungen benachbarter den Signalpegeln des
Frequenzspektrumssi-          Frequenzen variiert, und um zu bestimmen,
gnals far benachbarte Frequenzen auswahlbar  40    daB den Schwellwert
aberschreitende Fre- ist.
quenzmessungen von einem oder mehreren bewegten Objekten stammen, welche
das Pro- 4. Dopplerradarvorrichtung nach Anspruch 3, da-       jektil,
dessen anflngliche Mlndungsgeschwin- durch gekennzeichnet, daB das
Fourier-Trans-       digkeit zu bestimmen ist, einschlieBen.
formationsmittel Analog-zu-Digital-Wandler ein-  45 schlieft, um das
Dopplersignal in eine Abfolge  7. Dopplerradarvorrichtung nach Anspruch 5
oder von digitalen Datensdtzen urnzuwandeln, die in     Anspruch 6, dadurch
gekennzeichnet, dae das Gruppen von N digitalen Datens~tzen angeord-
Detektionsmittel (27) weiterhin Interpolations- net sind, und Mittel zur
schnellen Fourier-        mittel zum  Bestimmen der durch die Ver-
Transformation, urn die N digitalen Datensitze   so  gleichsmiftel nach
Oberschreiten des Schwell- in jeder aufeinanderfolgenden Gruppe der Da-
wertes oder ihrer jeweiligen Schwellwerte be- tens~tze zu verarbeiten, so
daB ein Bereich        stimmten Signale einschliefit, um die mittlere von
diskreten Frequenzsignalen far jede Grup-      Geschwindigkeit des
Projektils wihrend der pe erzeugbar ist, wobei jeder Bereich der dis-
mit jedem aufeinanderfolgenden Zeitabschnitt kreten Frequenzmessungen ein
einzelnes Fre-  55    des Dopplersignals verbundenen Zeitdauer zu
quenzspektrumssignal ist, daB das Schwell-         bestimmen. wertmittel
ffr jede Frequenzmessung in jedem Frequenzspektrumssignal  einen  einzelnen
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18 8. Dopplerradarvorrichtung nach elnem der voran-   13.
Dopplerradarvorrichtung gemaB Anspruch 9, gehenden AnsprUche, dadurch
gekennzeich-           gekennzeichnet durch wfhrend jeder Zeitdauer not,
daB ein odor mehrere zusatzliche bewegte      anwendbare
Eliminlerungsmittel flr Harmoni- Objekte In Richtung des Projektils (I1)
festge-    sche zum Vergleich der Geschwindligkeitsmes- stellt sind und daG
das Detektionsmittel Mittel   5  sungen des Projektils und des oder der zu-
zum Messen der jewelligen Geschwindigkeit          satzlichen sich
bowegenden Objekte unterein- des Projoktils und des einen oder der mehre-
ander und zum Verwerfen jeder Geschwindig- ron zus~tzlichen bewegten
Objokte wahrend          keitsmessung, die harmonisch mit elner ande- der
mit jedem aufeinanderfolgenden Abschnitt       ren Geschwindigkeitsmessung
in Beziehung des Dopplersignals verbundenen  Zeitdauer  10      steht und
Regressionsmittel zum Definieren ei- einschlieBt.
nes anflnglichen Geschwindigkeitsprofiles, das den kleinsten quadratischen
Fehler liefert, der 9. Dopplerradarvorrichtung nach Anspruch 8, da-
auf den durch die Interpolationsmittel und Ver- . -  durch gekennzeichnet,
daB das Detektionsmit-        bindungsmittel fUr eine Vielzahl von
aufeinan- V    tel (27) weiterhin VerknUpfungsmittel zum Mit-  15
derfolgenden Zeitdauemr  durchgefUhrten Ge- einanderverknUpfen der
einzelnen dem jeweili-      schwindigkeltsmessungen geblldet ist, wobel gen
Projektil und dem oder den zustizlichen        das Regressionsmittel Mittel
zum  Verwerfen bewegten Objekten entsprechenden Geschwin-        jeder
Geschwindigkeitsmessung, die mehr als , digkeitsmessungen in jeder der
aufeinanderfol-     einen vorbestimmten Betrag von dem anfEngli- genden
Zeitdauern einschlieBt, wobei die Ver-  20  chen  Geschwindigkeitsprofil
abweicht, und bindungsmittel Mittel zum Vergleich jeder Ge-      zum
REckdefinieren des auf den verbleibenden schwindigkeitsmessung mit, falls
vorhanden,        Geschwindigkeitsmessungen  gebildeten  Ge- ftr
vorangehende Zeitdauern durchgef0hrte          schwindigkeitsprofils
einschlieft, wobei das Geschwindigkeitsmessungen einschlielt.
rUckdefinierte Geschwindigkeitsprofil die an- 25      fangliche
MUndungsgeschwindigkeit des Pro- 10. Dopplerradarvorfichtung nach Anspruch
8, da-      jektils anzeigt. durch gekenrizoichnet, daB das Detektionsmit-
tel (27) in jeder Zeitdauer betreibbare Mittel  14. Dopplerradarvorrichtung
nach einem der voran- zum Vergleich der Geschwindigkeitsmessun-
gehenden AnsprOche, dadurch gekennzeich- 1y)i   gen des Projoktils und des
odor der zusitzli-  30  net, daB das Projektil (11), dessen Geschwin- chen
bewegten Objekte untereinander und            digkeit zu messen ist, von
einer Feuerwaffe zum  Verwerfen jeder Geschwindigkeitsmes-          (13)
abgeschossen ist und daB die Vorrichtung sung, die als harmonische zu jeder
anderen         weiterhin Mittel (33, 35) zum Sperren der Vor-
Geschwindigkeitsmessung verbunden ist, ein-        richtung fUr das Messen
der Geschwindigkeit schliekt.                                  35      des
Projektils fOr sine vorbestimmte Zeltdauer einschlieBt, bis eine mit dem
Abfeuem der 11. Dopplerradarvorrichtung nach einem der voran-     Waffe
(13) verbundene lonisation im wesentli- t  gehenden AnsprUche, dadurch
gekennzeich-             chen verschwunden ist. net, daB das
Detektionsmittel (27) Mittel zum Definieren eines anffinglichen
Geschwindig-  40  15. Dopplerradarverfahren zur Bestimmung der keitsprofils
einschlieBt, das den kleinsten mitt-  Anfangsgeschwindigkeit eines aus
olner MUn- leren quadratischen Fehler bestimmt, der auf       dung (13)
austretenden Projektils (11) mit dem den durch das Detektionsmittel fUr die
Vielzahl    Schritt des Erzeugens eines die Bewegung von
aufeinanderfolgenden Zeitdauern vorge-         des Projektils (11) relativ
zu der MUndung an- nommenen Geschwindigkeitsmessungen gebil-  45
zeigenden  Dopplersignales  (19), gekenn- dot ist.
zelchnet durch die Schritte des Bearbeitens einer Vielzahl von Abschnitten
des Dopplersi- 12. Dopplerradarvorrichtung nach Anspruch 11,         gnals
(19), wobel jeder Abschnitt ine einzolne dadurch gekennzeichnet, daB das
Detektions-        Zeitdauer darstellt, um  sine entsprechende mittel (27)
weiterhin Mittel zum Verwerfen je-  50  Vietzahl von
Frequenzspektrumssignalen zu er- der Geschwindigkeitsmessung aufweist, die
zeugen, des Weiterverarbeitens der Vieizahl mehr als einen vorbestimmten
Betrag von dem        von Frequenzspektrumssignalon, um die Ge-
anfanglichen Geschwindigkeitsprofil abweicht,      schwindigkeit des
Projektils w~hrend der mit und zrum Rickdefinieren des auf den verblei-
jedem  aufeinanderfolgenden  Abschnitt des benden Geschwindigkeitsmessungen
gebilde-  55      Dopplersignals  verbundenen  Zeitdauer zu ten
Geschwindigkeitsprofils einschlieBt.           messen und des Abschatzens
der anfangli- chen MUndungsgeschwindigkeit des Projoktils 
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terverarbeitens der Vielzahl von aufeinanderfol-  schwindigkeit des
Projektils (11) w~hrend der genden Zeitdauem und der RUckextrapolation
mit jedem aufeinanderfolgenden Abschnitt des auf den Schniffpunkt mit der
Startzeit gebildet   Dopplersignals verbundenen Zeitdauer zu be- wird.
stimmen. 5 16. Dopplerradarverfahren nach Anspruch 15, da-   20.
Dopplerradarverfahren nach einem der AnsprU- durch gekennzeichnet, daB der
Schritt des         che 15 bis 19, dadurch gekennzeichnet, daB
Weiterverarbeitens Schritte des Vergleichens      ein odor mehrere
zusatzliche sich bewegenden jedes der Vielzahl von Frequenzspektrumssi-
Objekte in der Richtung des Projektils (11) gnalen mit einem vorgesetzten
Schwellwert,  10    festgestellt sind und daB der Schritt des Wei- der mit
der Frequenz und mit der Starke des       terverarbeitens eonen Schritt des
Messens der Oberlagerten Rauschens variiert, und des Be-      jeweiligen
Geschwindigkeit des Projektils (11) stimmens des Anteils der Signale
einschlieBt,     und des eonen oder der mehreren zusatzlichen, die von dem
oder den sich bewegenden Ob-          sich bewegenden Objekte wahrend der
mit je- jelkten ausgehen, die das Projektil, dessen an-  15  dem
aufeinanderfolgenden  Abschnitt des flngliche  MUlndungsgeschwindigkeit
abzu-         Dopplersignals (19) verbundenen Zeitdauer sch~tzen ist,
einschlieBen.                       einschlieBt. AQ17.
Dopplerradarverfahren nach Anspruch 16, da-    21. Dopplerradarverfahren
nach Anspruch 20, da- durch gekennzeichnet, daB der Schritt des   20
durch gekennzeichnet, daB der Schritt des Weiterverarbeitens weiterhin
einen Schritt des    Weiterverarbeitens weiterhin einen Schritt des
Erzeugens eines einzelnen Schwellwertes fUr       miteinander Verbindens
der einzelnen Ge- eine Vielzahl von Frequenzen in jeder der Viel-
schwindigkeitsmessungen in jedem der dern zahl von
Frequenzspektrumssignalen aufweist,      jeweiligen Projektil und dem einen
oder den wobel jeder der Schwellwerte in Oberoinstim-   25  mehreren
zusatzlichen sich bewegenden Ob- mung mit der Signalstarke des
Frequenzspek-       jekten entsprechenden Geschwindigkeiten ein-
trumssignals flr benachbarte Frequenzen aus-      schlieBt, wobei der
Schrift des Verbindens ei- gewAhlt wird.
nen Schritt des Vergleichs jeder Geschwindig- 18. Dopplerradarverfahren
nach Anspruch 17, da-  30   keitsrnessung mit den far vorangehende Zeit- j
18. Dopplerraclarerfahren nach Anspruch 17, da-  30  dauern durchgeftlhrten
Geschwindigkeitsmes- durch gekennzeichnet, daB der Schritt des Be-
sungen einschlielt. arbeitens die Schritte des Umwandelns des
Dopplersignals (19) in eine Abfolge von digita-  22. Dopplerradarverfahren
nach Anspruch 21, da- len Datensatzen, die in Gruppen von jeweils N
durch gekennzeichnet, daB der Schritt des digitalen Datensatzen angeordnet
sind, und   35   Weiterverarbeitens einen Schritt des Ver- des Bearbeitens
der N digitalen Datensatze in     gleichs der Geschwindigkeitsmessungen
mit- jeder auteinanderfolgenden Gruppe der Daten-      einander w~hrend
jeder Zeitdauer und des >    sktze ausweist, um einen Bereich von diskre-
Verwerfens jeder Geschwindigkeitsmessung, ten Frequenzmessungen fUr jede
Gruppe zu          die harmonisch mit einer anderen Geschwin- erzeugen,
wobel jeder Bereich der diskreten   4O  digkeitsmessung verbunden ist,
einschlieBt. Frequenzmessungen ein einzelnes Frequenz- spektrumssignal ist,
aufweist, und daB der     23. Dopplerradarverfahren nach einem der AnsprU-
Schritt des Erzeugens einen Schritt des Erzeu-    che 15 bis 22, dadurch
gekennzeichnet, daB gens eines einzelnen Schwellwertes far jede       der
Schritt des Absch~tzens den Schritt eines Frequenzmessung in jedem
Frequenzspek-  45       Definierens eines anflnglichen Geschwindig-
trumssignal. der auf den Mittelworten der dis-    keitsprofils aufweist,
das den kleinsten quadra- kreten Frequenzmessungen fUr eine vorbe-
tischen Fehler liefert, der auf den in dem stimmta Vielzahl von
benachbarten Frequen-        Schritt des Weiterverarbeitens der Vielzahl
von zen gebildet ist.                                 aufeinanderfolgenden
Zeitdauem  vorgenom- so      menen Geschwindigkeitsmessungen gebildet 19.
Dopplerradarverfahren nach elnem der AnsprU-     ist. che 16 bis 18,
dadurch gekennzeichnet, daB der Schritt des Weiterverarbeitens weiterhin
ei-  24. Dopplerradarverfahren nach Anspruch 23. da- nen Schritt des
Interpolierens derjenigen Antei-  durch gekennzeichnet, daB der Schritt des
Ab- le jedes der Vielzahl von Frequenzspektrums-  55  schitzens welterhin
Schritte des Verwerfens signalen einschlieBt, die in dem Schritt des
jeder Geschwindigkeitsmessung, die um mehr Vergleichens zum Oberschreiten
des Schwell-       als einen vorbestimmten Betrag von dem an- 
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verblei-       avec l'amplitude du bruit superpos4, les benden.
Geschwindigkeitsmessungen gebilde-         moyens de comparaison
determinant 6gale- ten Geschwindigkoitsprofils einschlieet.           ment
quo les parties des signaux d~passant le seuil resultent d'un ou plusieurs
objects en 25. Dopplerradarverfahren nach einem der AnsprU-   5  mouvement
incluant le projectile dont la vites- che 15 bis 24, dadurch
gekennzeichnet, daG         se initiale est estimee. das Projektil (11),
dessen Geschwindigkeit zu messen ist, von einer Feuerwaffe (13) austritt
3. Appareil ^ radar Doppler selon la revendicatlon und daB das Verfahren
weiterhin eonen Schritt      2, caractrise on ce que les moyens de detec-
des Unterblelbens des Verfahrens fUr die Mos-  to  tion incluent en outre
des moyens de fixation sung der Geschwindigkeit des Projektils fUr
de soull pour produire un seull distinct pour eine vorbestimmte Zeitperiode
aufweist, bis        chacune des frequences d'une pluralit6 de frd- eine
mit dem Abfeuem der Waffe (13) verbun-        quences dans chacun des
signaux de la plura- dene lonisation im wesentlichen verschwunden
lit6 de signaux a spectre de frequences, cha- <    ist.
15       cun de ces seuils etant s6lectionne selon les niveaux du signal a
spectre de frdquences Revendlcatlons
pour des frNquence proches. wj Appareil a radar Doppler pour determiner la
4. Appareil a radar Doppler selon la revendication vitesse initiale d'un
projectile (11) 6jecte du   20  3, caracterise en ce quo: tube d'un canon
(13), comprenant:                    - les moyens de transformation de
Fourier - des moyens de radar (15) pour produire             incluent des
moyens de conversion un signal Doppler (19) indicatif du mou-
analogique/numdrique pour convertir le vement du projectile (11) par
rapport a la         signal Doppler en une suite de mots nu- bouche (13);
25            meriques qui sont organisds en groupes - des moyens de
transformation de Fourier            de N mots num6riques chacun, et (21,
23, 27) pour opdrer sur le signal          - des moyens de transformation
de Fourier Doppler (19), et des moyens de d~tec-             rapide pour
operer sur les N mots num6- tion (27) sensibles au signal de sortie
riques dans chaque groupe successif de des moyens do transformation do
Fourier  3o        mots pour produire une serie de signaux (21, 23, 27)
pour mesurer la vitesse du            A fr~quences discrbtes pour chaque
projectile (11), caracteris4 en ce que les         groupe, chacune de ces
series de si- moyens de transformation de Fourier (21,           gnaux a
frequences discrbtes constituant 23, 27) opbrent sur une pluralit6 de seg-
un signal distinct a spectre de fr4quen- ments du signal Doppler (19),
chaque   35          ces; et en ce que segment reprbsentant une p~riode de
- les moyens do fixation de seull produi- temps distincte, pour produire
une plura-          sent un seuil distinct pour chaque mesu- lite
correspondante de signaux a spectre           re de frequence dans chaque
signal a de frequences; et en ce que les moyens             spectre de
fr6quences sur la base des de ddtectlon (27) sont sensibles a ia  4o
valeurs moyennes des mesures do frd- pluralit6 de signaux a spectre de frd-
quences discrbtes pour une pluralitd prd- quences, pour mesurer la vitesse
du pro-           d~termin~e de frequences proches. jectile (11) pendant la
pdriode de temps associ6e & chaque segment successif du    5. Appareil &
radar Doppler selon la revendication signal Doppler; et inclut des moyens
(27)  45  1, caract4risd en ce que les moyens de trans- sensibles aux
vitesses du projectile me-      formation de Fourier (21, 23, 27) incluent
des surdes pendant la pluralit6 de periodes       moyens de conversion
analogique/numerique de temps successives, pour estimer la         pour
convertir le signal Doppler en une suite vitesse initiale du projectile
(11) par ex-   de mots numeriques organises en K groupes trapolation en
arribre a l'instant zero din-  Bo  successifs de N mots num~riques chacun,
et terception.                                      - des moyens de
transformation de Fourier rapide pour op6rer sur les N mots nume- 2.
Apparell a radar Doppler selon la revendication         riques dans chacun
des K groupes suc- 1, caractbris4 en ce quo les moyens de detec-
cessifs pour produire une s6rie de mesu- tion (27) incluent des moyens de
comparaison   55       res de frequences discretes pour chaque pour
comparer chacun des signaux d'une plu-             groupe, chacune de ces
sdries repr4sen- ralite de signaux a spectre de fr~quences h un
tant le spectre de frequences pour un 



seull prescrit qui varie avec la frequence et           segment de temps
distinct du signal *   C   L   H   s  *    23                EP 0 277 772
B1                    24 Doppler; et en ce quo                         pour
comparer chaque mesure de vitesse a - les moyens de detection (27) operent
sur      des mesures de vitesse effectudes pour des la serie de mesures de
frdquences dis-        pdriodes de temps anterieures, s,il y en a. cretes
pour chacun des K groupes pour mesurer la vitesse du projectile pendant   5
10. Appareil & radar Doppler solon la revendication la p6riode de temps
associle au groupe        8, caracterise en ce quo les moyens de detec-
correspondant de N mots numeriques et         tion (27) incluent des moyens
pouvant fonc- opbrent sur les K mesures successives         tionner pendant
chaque pdriode de temps pour de la vitesse du projectile pour fournir
comparer les mesures de vitesse du projectile ladite estimation de la
vitesse initiale du   10  et des un ou plusieurs objets en mouvement
projectile.                                   supplementaires entre elies
et pour rejeter tou- te mesure de vitesse qul est lie harmonique- 6.
Appareil a radar Doppler solon la revendication    ment A une autre mesure
de vitesse. 5, caracteris6 en ce quo les moyens de d6tec- tion (27)
incluent des moyens de comparaison   is  11. Appareil a radar Doppler solon
l'une des re- pour comparer chacune des mesures de la
vendications prec6dentes, caracterise en ce pluralite de mesures de
frequence a un seull       que les moyens de ddtection (27) incluent des
prescrit qui varie avec les niveaux des mesu-      moyens pour definir un
profil de vitesse initiale res de fr~quence pour les frequences proches
qui fournit Pterreur solon la methode des moin- et pour determiner quo les
mesures de fre-  20     dres carres sur la base des mesures de vites-
quence depassant le seuil resultent d'un ou        se effectuees par les
moyens de detection plusieurs objets en mouvement incluant le pro-     pour
la pluralite de priodes de temps succes- jectile dont la vitesse initiale
est estimde.      sives. 7. Appareil a radar Doppler solon la revendication
25  12. Appareil a radar Doppler selon la revendication 5 ou 6, caract6ris4
en ce quo les moyens de        11, caract~risW en ce quo les moyens de d6-
detection (27) incluent en outre des moyens        tection (27) comprennent
on outre des moyens d'interpolation pour determiner les signaux d6-    pour
rejeter toute mesure de vitesse differant termines par les moyens de
comparaison com-        de plus d'une quantite pred6tormin6e du profil me
depassant le seuil ou leurs seulls respec-  30  de vitesse initiale et pour
red6finir le profll de tifs, pour determiner la vitesse moyenne du
vitesse sur la base des mesures de vitesse projectile pendant la pdriode de
temps asso-       restantes. ciee a chaque segment de temps successif du
signal Doppler.                                13. Appareil & radar Doppler
solon la revendication 35      9, caracteris6 en ce qu'il inclut: 8.
Appareil a radar Doppler solon l'une des re-          - des moyens
d'6limination d'harmoniques, vendications prec~dentes caract~ris4 en ce
pouvant fonctionner pendant chaque p6- quo
riode de temps pour comparer les mesu- - un ou plusieurs objets en
mouvement                res de vitesse du projectile et des un ou
suppl6mentaires sont situds dens la di-  40        plusieurs objets en
mouvement suppl6- rection du projectile (11); et on ce quo
mentaires entre eux et pour rejeter toute - les moyens de detection
incluent des               mesure de vitesse qui est liee harmoni- moyens
pour mosurer les vitesses res-              quement & une autre mesure de
vitesse; pectives du projectile et des un ou plu-           et sieurs
objets en mouvement suppl6men-  45        - des moyens de regression pour
ddfinir taires pendant la p6riode de temps asso-           un profil de
vitesse initiale qui foumit ciee a chaque segment successif du si-
I'erreur selon la methode des moindres gnal Doppler.
carr6s sur la base des mesures de vites- se effectudes par les moyens
d'interpola- 9. Appareil A radar Doppler solon la revendication   so
tion et les moyens d'association pour la 8, caractdris6 on ce quo les
moyens de detec-           pluralitd de periodes de temps successi- tion
(27) incluent en outre des moyens d'asso-          ves, les moyens de
regression incluant ciation pour associer ensemble les diff6rentes
des moyens pour rejebtr toute mosure mesures de vitesse dans chacune des
p6rio-              de vitesse diff6rant de plus d'une quanti- des de temps
successives correspondant res-  as        te pred6terminee du profil de
vitesse ini- pectivement au projectile et aux un ou plu-            tiale
et pour redefinir le profil de vitesse sieurs objets en mouvement
supplementaires              sur la base des mesures de vitosse res- 



les moyens d'association incluant des moyens           tantes, le profil de
vitesse redefini indi- 111ll1filI 11!!1 1Hill 11 l          13    25
EP 0 277 772 B1                    26 quant la vitesse initiale du
projectile.       inclut en outre une etape consistant a produire un seull
distinct pour chacune des fr~quences 14. Appareil a radar Doppler selon
l'une des re-       d'une pluralite do frequences dans chacun des
vendications prdcedentes, caracteris6 en ce        signaux d'une pluralite
de signaux a spectre que                                        5        de
frequences, chacun de ces seuils etant - le projectile (11) dont la vitesse
est a       s6lectlonn4 selon les niveaux du signal & spec- mesurer est
ejecte d'un canon A explosif      tre de frequences pour les frequences
pro- (13); et en ce que                             ches. - I'appareil
inclut en outre des moyens (33, 35) pour emp8cher l'appareil de mesurer  1o
18. Procede a radar Doppler selon la revendication la vitesse du projectile
pendant une pe-       17, caracteris6 en ce que l'tape d'op6rer In- riode
de temps predeterminee, jusqu'A          clut los etapes consistant A: co
que toute lonisation associee au tir          - convertir le signal Doppler
(19) en une par le canon (13) se soit sensiblement              suite de
mots numeriques qui sont orga- _ftwi      dissipee.
15            nises en groupes de N mots numeriques chacun; et 16. Proced A
radar Doppler pour dsterminer la             - operer sur los M mots
numeriques de vitesse initiale d'un projectile (11) djecte par
chaque groupe successif de mots pour k,_, une bouche de tir (13),
comprsnant l'etape              produire une serie de mesures de fre-
consistent a:                              20           quences discretes
pour chaque groupe, - produire un signal Doppler (19) indicatif
chacune de ces sdries de mesures de du mouvement du projectile (11) par
rap-           fr~quences discrates constituant un si- port & Ia bouche,
gnal distinct & spectre de frequences; et caractbris6 en ce qu'il comprend
les         - l'4tape de produire inclut une 4tape 6tapes consistant A
25            consistant I produire un seuil distinct - op6rer sur une
pluralite de segments du             pour chaque mesure de frequence dans
signal Doppler (19), chaque segment re-             chaque signal a spectre
de frequences pr~sentant une periode de temps distinc-            sur la
base des valeurs moyennes des to, pour produire une pluralit6 de signaux
mesures de fr6quences discrbtes pour a spectre de fr~quences;
30            une pluralite pr~determinee de fr~quen- - traitor la
pluralit6 de signaux a spectre           ces proches. de fr6quences pour
mosurer la vitesse du projectile pendant la periode de        19. Proced6 &
radar Doppler selon l'une des re- temps associee a chaque segment suc-
vendications 18 a 18, caracteris6 en co quo cessif du signal Doppler; et
3        '4tape de traitor inclut en outre une 6tape - estimer la vitesse
initiale du projectile      consistant a interpoler les parties de chacun
(11) sur la base des vitesses du projecti-     des signaux de la pluralite
de signaux & spec- le mesurees dans l'etape de traiter pour       tre de
frequences qui sont determin6es dans la pluralit6 de pdriodes de temps
succes-      I'dtape de comparer comme depassant le sives, et
40       seuil, pour determiner la vitesse moyenne du - extrapoler en
arriere & l'instant zero d'in-   projectile (11) dans la p6riode de temps
asso- terception.                                    ciee a chaque segment
successif du signal Doppler. 16. Proced6 & radar Doppler selon la
revendication 15, caracterise en co quo l'etape de traitor  45  20. Procede
& radar Doppler solon l'une des re- comprend les etapes consistant a:
vendications 15 a 19, caracterise en ce quo - comparer chacun des signaux
de la plu-            - un ou plusiours objets en mouvement ralit4 de
signaux a spectre de frequen-             supplementaires sont situds dans
la di- ces a un seuil predetormin6 qui varie              rection du
projectile (11); et en ce quo avoc la frequence et avec l'amplitude du   5o
- I'6tape de traiter inclut une etape consis- bruit superpose; at
tant & mesurer les vitesses respectives - determiner quo la partie des
signaux de-            du projectile (11) et des un ou plusleurs passant le
seull resulte d'un ou plusieurs          objets en mouvement
supplementaires objets en mouvement incluant le projecti-           pendant
la periode de temps associ6e a le dont la vitesse initiale est estim6e.  55
chaque segment successif du signal Doppler (19). 



17. Procede & radar Doppler selon la revendication 16, caract~ris6 en ce
quo l'etape de traitor 14 !1           1il 1101 111 111111 11 110I    27
EP 0 277 772 B1                    28 21. Procedd & radar Doppler selon la
revendication 20, caract6rise en ce que l'etape de traiter inclut en outre
une etape consistant a associer ensemble les difflrontes mesures de vitesse
dans chacune des p~riodes de temps succes-   5 sives correspondant
respectivement au projec- tile et aux un ou plusieurs objets en mouve- ment
supplmentaires, 1'6tape d'associer in- cluarit une dtape consistent a
comparer cha- que mosure de vitesse a des mesures de   10 vitesse
effectudes pour des periodes de temps anterieures, s'fl y on a. 22. Proc~dc
& radar Doppler selon la revendication 21, caractdrisW  en ce quo l'etape
de traitor  is inclut une 6tape consistant a comparer les mesures de
vitesse entre elles pendant chaque pdriode de temps et rejeter toute mesure
de Ji   vitesse qui est lide harmoniquement A une autre mesure de vitesse.
20 23 Procdk   a radar Doppler selon l'une des re- vendications 15 A 22,
caracterise en ce quo I'etape d'estimer inclut une dtape consistant a
d6finir un profil de vitesse initiale qui fournit  25 I'erreur selon la
m~thode dos moindres carres sur la base des mesures de vitesse effectuees
dans I'etape de traitor pour la pluralit6 de periodes de temps successives.
30 24. ProcMd6 I radar Doppler selon la revendication 23, caractdris6 en ce
que l'tape d'estimer inclut en outro des etapes consistant a rejeter toute
mesure de vitesse diff6rant de plus d'une quantit6 predkterminde du profil
de vitesse ini-  35 tiale, et a redefinir le profll de vitesse sur la base
des mesures de vitesse restantes. 25. Proc~d6 & radar Doppler selon l'une
des re- vendications 15 a 24, caracterise en ce que:  40 - le projectile
(11) dont la vitesse est a mesurer est 6ject6 par un canon & explo- sif
(13); et en ce quo - le proc6d6 inclut on outre une 6tape consistant a
emp~cher le procede de   45 mesurer la vitesse du projectile pendant une
pdriode de temps pr~determinde, jusqu'a ce quo toute ionisation associee au
tir du canon (13) so soit sensiblement dissip~e.
50 55 15    


