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PRIOR ART

In theoretical calculations of the radar target cross section of an object it can

be very difficult to take proper account of the effect of parts of the object that
15 move in operation. An example of objects with parts that move in operation

are jet aircraft, in which the moving parts consist chiefly of the so-called

blades in the various compressor stages of the jet engine.

In measurements of the radar target cross section of a jet aircraft in
20 operation, so-called dynamic measurement, the moving parts will generate
modulations in the signal received. The said modulations are of a nature
such that they make it more difficult to extract data from the measurements
concerning the radar target cross section of other parts of the aircraft, since
the dispersion and radar target cross section that derive from the said
25 modulations are very difficult to calculate or measure with stationary

measuring equipment.

There is a need therefore, when measuring the radar target cross section of
an object with both moving and fixed parts, for a method of distinguishing the
30 modulations in the signal received that derive from moving parts of the object

and from fixed parts of the object respectively.
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can be filrheagilement is filtered around a certain frequency, which is obtained by

means of the measuring result from the first measurement.

15 Since the first measurement has good frequency resolution it is possible to
extract information on modulations of the signal received that derive from
moving parts of the object and from fixed parts of the object respectively.
The fact that the second measurement has high resolution in the range
direction means that the measuring result from the second measurement can

20 be used to determine the target cross section of different parts of the object.

Owing to the moving parts in the object, data from the measurements will
contain modulations at a large number of frequencies. The frequency of the
modulations in the second measurement that derive from that part of the
25 aircraft, the target cross section of which it is wished to calculate, is obtained
by means of measuring results from the first measurement, following which
the desired measuring results from the second measurement can be filtered
out and used for further processing, for example in order to distinguish target
cross sections that derive from moving parts from target cross sections that
30 derive from fixed parts of the object.



out and used for further processing, for exanple in order to distinguish
target cross sections that derive fromnoving parts fromtarget cross

sections derive fromfixed parts of the object.
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in nore detail belowwith the aid of exangles of enbodinents and with
reference to the drawi ngs attached, in which: 5 Figure 1 shows a flow chart
of the invention, and Figure 2 shows the results of a first measurenent

accordi ng DESERIPTON'DFPRIGURES Fi gure 3 shows a concei vabl e transm ssion
pattern for the second mneasurenent accordi trllg to the invention, and 10
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according to the invention a first narrow 15 band radar neasurenent (box
performed agai nst the object in question, with

10 in the f]ow chart) i

t he objict i%‘”?rﬂt?"tﬂ’f%s ?i’olﬁ’rﬂ'@” elthgilveentioasardd data from this neasurement
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and hi gh panhde repetition frequency (PRF). Measuring times in the interval
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10  Figure 4 shows filtering of measuring results from the second measurement.

DESCRIPTION OF EMBODIMENTS

Figure 1 shows a basic flow chart for a method according to the invention.

As will be seen from this flow chart, according to the invention a first narrow-
15  band radar measurement (box 10 in the flow chart) is performed against the

object in question, with the object in motion.

In order to give measured data from this measurement the desired
information content, the first measurement is preferably performed with a
20 waveform, which has a relatively long measuring time and high pulse
repetition frequency (PRF). Measuring times in the interval 20< <200
milliseconds have proved to give good results, and a preferred measuring
time in this interval is 100 milliseconds. A suitable order of magnitude for the
PRF is 50 kHz.
25
The object may be a jet aircraft, for example, and due to the fact that the
aircraft is in motion during the measurement, moving parts of the aircraft,
primarily moving parts of its engine, will give rise to a number of different
modulations at different frequencies in the measured data that are obtained.
30 An example of how results of such a measurement may look is shown in

figure 2.
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according to the invention will be seen later in the description.

15 After the first narrow-band measurement, a second measurement (box 20 in
the flow chart), which is broadband, is performed over a relatively short
measuring time. There are a number of principles for carrying out such a
measurement, one of which is given in box 23 in the flow chart in figure 2 and
shown in figure 3. As will be seen from figure 3, the measurement is carried

20  out according to this principle in such a way that a number (N) of pulses at
each of a number of different frequencies within an interval fuin — fmax are
transmitted during a measuring period tsart — tstop. During a partial period At
within the interval tstat — tstop @ NUMber of puises are transmitted in a partial
interval Af within the frequency interval fmin — fmax. Each pulse is followed by a

25 pulse with higher frequency, until the highest frequency within the interval Af
has been reached, at which point the process recommences at the lowest
frequency within the interval.

When the number N of pulses at each frequency has been transmitted within

30 the interval Af, in other words after the time At, a new sequence is begun in
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Since the second measurement according to the method described above
will contain information on a large number of frequencies, there is a need to

15  centre the measuring results around one frequency (box 25 in the flow chart).
This is suitably achieved by multiplying the measured signal for each puise
by a function s(fy,t):

JArfiR(t)
s(fut) = e c (1)

20 The formula (1) is suitably approximated by the following formula:

JArf(Rot+vi+0.5a %)
S(fity) = e c (2)

In the formulae above v is the radial velocity of the target in relation to the
25 measuring radar, a is the radial acceleration of the target, index h represents
the puise that is transmitted at the frequency fi at the time t, ¢ is the speed of
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Following the abovementioned centring according to the formula (2),
measured data from the second measurement will thus be centred around
the same central frequency, and will have a fundamental appearance
according to that shown in figure 4.

In the flow chart in figure 1, the arrows from box 20 to boxes 23, 25 and 30
have been drawn with dashed lines in order to indicate that the method for
making the second measurement broadband that has been described above,
and is described in boxes 23 and 25, is only one of many methods of
performing a broadband measurement. Examples of other methods will be
given later in the text.

The problem to be solved according to the invention is to distinguish the
modulations in the signal received that derive from the moving parts of the
object and the fixed parts of the object respectively. According to the
invention this is done by determining the modulation frequency from the
fuselage echo with the aid of measured data from measurement 1. Any
ambiguities between the modulation frequency from the fuselage echo and
modulation frequencies from the moving parts of the engine can be decided
by means of information on the speed of the aircraft, on the basis of which it
is possible to determine the so-called Doppler frequency that corresponds to
the speed of the target. Such information can be obtained from a number of
different sources, for example from a so-called tracking function in the radar

with which the measurement according to the invention is carried out.
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Analysis in the range direction may be performed, for example, by
transforming the information from the echo with the aid of Fourier analysis

15 (box 40 in the flow chart), which is suitably undertaken with the aid of so-

called fast Fourier transform (FFT).

In other words Fourier transformation provides measured data in the range
direction rather than in the frequency direction, which is advantageous when
20 analysing the radar target cross section of the object, and facilitates
comparison with the calculated radar target cross section of the object. On
the basis of this comparison it is then possible to examine whether the
calculations of the radar target cross section of the target have been correct.

25 Since the tones from the engine and the fuselage echo occur separately in
the modulation spectrum it is also possible to use a method according to the
invention in order to filter out tones that originate from the engine, in order
then to use the information contained in the said tones. The spikes in the
modulation spectrum that are caused by moving parts of the engine can be

30 located since they occur at multiples of one and the same frequency interval
from the spike caused by the aircraft fuselage. The items of information in

the tones from the engine may be used either separately, or in combination
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i nf or mat i BAMPFYFBO! 15E23Enefi the angire can be used. Tone "nunber 1", the engine
tone having the highest anplitude, wll have its equivalent in the first
conpressor stage of the engine. 10 By using Fourier analysis, for exanple,

to gerer aBg tgingeFowiarsanalgsisl d8r exafiglé eto fqenepae firgeDcPosy@kBfork ones it
is al so possible to determine the position in the target cross section
profil e fBiofiles &repRa® Moreitenging fenesidisnglso possible to determine the

position in the target cross section profile for a reference point on the leading
edge of the engine. If a target cross section profile for a moving radar target
affected by moving parts has been generated or calculated, the said

15 reference point may be used for comparison with a target cross section
profile that substantially derives only from the fuselage of the target, in other
words non-moving parts of the target.

The reference point with regard to the leading edge of the engine serves for
20 optimal identification of the points that correspond to one another in the two
target cross section profiles. Once the points have been identified a
correlation can be made between the two target cross section profiles. One
sphere of application for such correlations is the identification of aircraft or
other types of vehicle or craft, on the basis of a library, which contains target
25 cross section profiles without the effect of moving parts for known aircraft,
vehicles or craft. Obviously the reverse is also conceivable, in other words
the library might contain data on the radar target cross section of the target
with the effect of moving parts and a comparison made with the measuring
result in which the effect of moving parts does not figure.
30
The invention is not limited to the examples described above, but is freely

adaptable within the scope of the claims below. For example, a method has
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enough to permt spectral division or filtering of the signal received, so
that the fusel age echo can be separated fromthe engi ne tones and al so
from t00ﬁ§019ﬁ§§ed by clutter. WD 01/44832 PCT/ SEQQ 02443 M 1. A
met hod for neasurenent of the radar target cross section o A o ect W th
both noving and fixed parts, which nmethod conprises a first 5 rreasurerrent
with high frequency resolution, fromwhidR information can be extracted on
nodul ations in the signal recei ved that derive from novi ng parts of the
obj ect ang;fé}ﬁ parts of the object respectively, characterized in that
the met hodlf ernore conprises - a second neasurenment with high range
resolution, 10 - filtering of the neasuring result obtained fromthe second
measurenent, which filtering is perfornmed around a certain frequency that

i s obtai ndd Bymet’ﬂ@éh@rcbmeaswemeahof they rades uhtgelt ravosd bectior of arremfenterrent

2. The nethpd m,1 accor to whjch the first
nmeasur ene 8] &g)tﬁ e(ﬁ %f SIB( gerpa/ Sr e ¥ I"*ﬁ?l@ﬁthoﬁl t RIPPGIEeS sangq‘tor ned
with a n@ﬁé@wéﬁfédltWﬁwﬁfﬁlghme@en'were%ﬁm@ﬁ ﬁéﬁpﬁvﬁldﬁgmfd}rr?dtr%h”&a']n Be 2,

according to which the second neaSurenent Is given a high range resol ution
in that iexraciesonmasylations ia thesigneabsesived teal dlesivenfrom niwngreatted

moasur enat 1% OBIRY paTSER LS ReNBic! bSRerTED) Hriebigriéta FHERRCnc,
measur enertihe nihod furthermore comprises
- a second measurement with high range resolution,
10  -filtering of the measuring result obtained from the second measurement,
which filtering is performed around a certain frequency that is obtained by
means of the measuring result from the first measurement.

2. The method according to claim 1, according to which the first
15 measurement is given a high frequency resolution in that it is performed with
a narrow-band waveform.

3. The method according to claim 1 or 2, according to which the second
measurement is given a high range resolution in that it is performed with a
20 broadband waveform.

4. The method according to claim 3, according to which the waveform in the
second measurement is made broadband in that it consists of stepped
frequency measurement.
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