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@ Apparatus for the observation and identification of helicopters.

@ Apparatus for the observation and identification
of helicopters by means of an FM-CW radar appara-
tus provided with transmitter means (1), antenna
means (2) and receiver means (3). Blade flashes
caused by the rotor blades are digitized by A/D
converter (4) and processed by Fourier analysis
means (5) and processor (6) in order to determine
the range from a helicopter to the radar apparatus
and the rotor symmetry characteristics. These sym-
metry characteristics, together with the blade flash
repetition frequency yield a substantially unam-
biguous indication of the helicopter type.
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The invention relates to a doppler radar ap-
paratus, comprising transmitter means and receiver
means coupled to antenna means, and processor
means coupled to the receiver means, for the de-
tection of helicopters by blade flashes caused by
helicopter rotor blades and the identification of heli-
copters by determining the repetition frequencies
of the blade flashes.

Such a radar apparatus is known from the
Patent Specification US-A-4,389,647. In the above-
mentioned radar apparatus, output signals of a
Doppler radar are rectified and passed through a
high-pass filter. In the event of a helicopter the
resulting blade flashes, i.e. strong radar echoes
caused by the helicopter rotor blades which are
briefly perpendicular to the radar beam, will pro-
duce a signal at the output of the high-pass filter.
The repetition frequency of this signal, which cor-
responds with the repetition frequency of the blade
flashes makes it possible to draw a conclusion as
to the helicopter type.

This method has the drawback that valuable
information concerning the type of helicopter is lost
in the course of the rectifying process.

The radar apparatus according to the invention
obviates this drawback and is characterised in that
the radar apparatus is provided with means for the
determination of Doppler spectra for individual
blade flashes.

According to the above-mentioned patent
specification, the Doppler radar may be either a
pulsed type or a CW type of radar. Both radar
types experience drawbacks with regard to the
detection and identification of helicopters. In order
fo observe each single blade flash, the pulse radar
must have a high pulse repetition frequency. This
makes the radar relatively expensive and insensi-
tive and it may furthermore cause range ambiguity.
The CW radar does not provide range information.
Moreover, a well-known problem with CW radars, is
the occurrence of I/f noise, as a result of which
echoes from the rotor blades, having a Doppler
shift of just a few kilohertz, are difficult to detect.

An exceptionally favourable embodiment of the
radar apparatus according to the invention does not
experience these drawbacks and is characterized
in that the transmitter means are equipped for the
tfransmission of periodical linear frequency modu-
lated signals, the receiver means are equiped with
mixing means for the generation of a heterodyne
signal from a signal representing the transmitted
signal and received radar echoes, and the proces-
sor means are equipped with Fourier analysis
means for the transformation of the heterodyne
signals originating from consecutive periods into
consecutive frequency spectra, where every spec-
trum is represented by N complex values (N = 2,
3,4, .)
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A frequency spectrum thus realised makes it
possible to determine the range between an ob-
served helicopter and the radar apparatus and also
reveals whether the number of helicopter rotor
blades is odd or even.

The invention will now be explained in more
detail with reference to the following figures, of
which:

Fig. 1 represents a number of rotors with the
associated spectra;
represents a block diagram of a possi-
ble embodiment of the radar appara-
tus according to the invention;
represents a block diagram of a possi-
ble embodiment of the processor of
the radar apparatus according to the
invention;
represents a part of a two-dimensional
data field, to illustrate a CFAR, based
on the two-dimensional window meth-
od.

In a Doppler radar, echoes of stationary or
slow-moving objects are removed by means of
filters. In view of this, it is difficult to spot the
fuselage of a hovering or slow-moving helicopter
by means of a Doppler radar. It is, however, possi-
ble to observe the rotor blades rotating at a high
speed. A rotating helicopter rotor blade which, dur-
ing brief periods, is perpendicular to the radar
beam, is known to produce a short, strong echo, a
so-called blade flash. Blade flashes reveal the pres-
ence of a helicopter and their repetition frequency
is connected to the helicopter type. On the basis of
this principle, radar apparatuses according to the
state of the art are capable of generating an alert
and a type-identification if a helicopter approaches
the radar apparatus. In this respect it is assumed
that for each individual helicopter, the rotor rpm
varies within certain narrow limits. It is impossible
fo unambiguously assign certain repetition frequen-
cies to a certain type of helicopter. A series of
blade flashes having for example a repetition fre-
quency of 28 Hz could either be produced by a
B105 helicopter or by a US Bradley 2B helicopter.
In view of this consideration, it is advisable to
search for additional criteria in order to increase
the reliability of a type-identification.

An additional criterion may be found in the
spectrum of a blade flash, as presented in Fig. 1.

Fig. 1A schematically represents the rotor of a
B105 helicopter plus the spectrum of the asso-
ciated blade flash. The positive part of the spec-
frum is caused by the blade which rotates in the
direction of the impinging radar radiation. The high-
est frequency is generated by the tip, which gen-
erally rotates at a speed of 230 m/sec. The nega-
tive part of the spectrum is caused by the blade
moving in the opposite direction. The spectrum is

Fig. 2

Fig. 3

Fig. 4
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substantially symmetrical.

Fig. 1B schematically represents the rotor of a
US Bradley 2B helicopter plus the spectrum of the
associated blade flash. Only a blade moving to-
wards the radar is perpendicular to the radar beam.
Therefore, the spectrum has substantially a positive
part only. If the rotor rotates through an angle of
#/3 radians, we encounter the situation as sche-
matically represented in fig. 1C, in which the blade
flash has a spectrum with substantially a negative
part only.

The spectra indicated in Fig. 1 are based on
the assumption of a substantially stationary heli-
copter so that reflections from the helicopter fu-
selage produce a Doppler tone of approximately 0
Hz. If the helicopter moves with a certain speed in
the direction of the radar apparatus, the entire
spectrum will shift in positive direction. Since the
speed of the helicopter is mostly a mere fraction of
the speed of the tip, the nature of the spectra, as
represented in Fig. 1A, B, C will remain un-
changed.

Fig. 2 represents a block diagram of a possible
embodiment of the radar apparatus according fo
the invention. Using antenna means 2, transmitter
means 1 fransmit radar radiation in the direction of
the helicopter. Via antenna means 2 the reflections
are applied to receiver means 3 and mixed with a
reference signal derived from transmitter means 1.
Heterodyne signals thus obtained are digitized in
A/D converter 4 and applied to Fourier analysis
means 5, usually an FFT unit. Processor 6 exam-
ines the spectra thus obtained for the presence of
blade flashes, for the shape of the specira as well
as for the time which elapses between successive
blade flashes. It is thus possible, with a large
measure of probability, to identify the helicopter
type and to subsequently present it for display on
indication means 7.

In a first specific embodiment of the radar
apparatus according to the invention, CW radar
radiation with a wavelength of 23 cm is emitted by
fransmitter means 1. Assuming a customary blade
tip speed of 230 m/sec, this yields a Doppler signal
which may range from -2 kHz to +2 kHz. A/D
converter 4 will digitize this signal at a sampling
frequency of 4 kHz and will apply this digital signal
to Fourier analysis means 5, a 4-point FFT unit.
This FFT unit has four output signals, which repre-
sent -2 kHz, -1 kHz, 0 kHz and 1 kHz. The modulus
of the signals representing -1 kHz and 1 kHz are
applied to processor 6, which is in this case pro-
vided with two threshold circuits and a combination
circuit. If at least one of these signals exceeds a
predefined threshold, a blade flash detection will be
generated. If both signals are substantially of equal
intensity, an even number of rotor blades is as-
sumed. If both signals appear alternately, an odd

10

15

20

25

30

35

40

45

50

55

number of rotor blades is assumed. Processor 6
furthermore examines how much time elapses be-
tween successive blade flashes, after which the
helicopter type is identified with a large measure of
probability.

The above-described first specific embodiment
can be considerably improved on several counts.
One improvement would be to generate a range
indication for an observed helicopter. The second
improvement would be to reduce the near-inevi-
table detection loss inherent in a CW radar on
account of I/f noise. Received Doppler shifted sig-
nals have to contend with I/f noise from transmitter
means 1 which, upon reflection from any nearby
object, enters the receiver means 3. Since in the
above-described embodiment, Doppler shifted sig-
nals are only approx. 1 kHz removed from the
transmitted CW signal, serious detection losses
may be anticipated.

In a second specific embodiment, transmitter
means 1 also emit CW radar energy with an ap-
proximate wavelength of 23 cm, however, in this
case provided with FM-CW modulation. A sawtooth
frequency modulation might be suitable, whereby
at periodical intervals, the frequency increases lin-
early by 2.5 MHz during a period of 500 usec. The
application of this well-known method enables sta-
tionary objects to generate heterodyne signals at a
frequency which depends on their range to the
radar apparatus. Fourier analysis means 5 may
comprise an FFT unit of 256 outputs for splitting
the heterodyne signals, obtained during one period
of the sawtooth frequency modulation into 256 fre-
quency ranges of 0, 2 kHz, 4 kHz, ..., 512 kHz.
These frequency ranges subsequently correspond
with ranges of 0, 60 m, 120 m, ..., 15360 m. In this
way, an FM-CW radar apparatus, well-known from
the technical literature, is realised. If this radar
apparatus is directed at a substantially stationary
helicopter, a spectrum develops which consists of
a heterodyne frequency caused by the helicopter
fuselage which frequency is substantially the same
for each period, and on occasion, during the occur-
rence of a blade flash, a more complex spectrum.
This spectrum corresponds with one of the spectra
represented in Fig. 1, only in this case it is shifted
by a frequency which corresponds with the hetero-
dyne frequency caused by the fuselage echo.

Fig. 3 represents a block diagram of processor
6 of the radar apparatus according to the second
specific embodiment. Processor 6, connected to
the N outputs of the Fourier analysis means 5, shall
first of all remove any echoes of stationary objects.
To this end, processor 6 is provided with N high-
pass filters 8.1, ..., 8.N, connected to the N outputs
Ci, ..., Cy of the Fourier analysis means 5. By
selecting the cut-off frequencies of the filters such
that, for instance, also reflections from cars and
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other vehicles are stopped, only the spectra caus-
ed by the blade flashes will eventually provide filter
output signals. These filter output signals are ap-
plied to modulus-determining elements 9.1, ..., 9.N.
Their outputs are applied to threshold circuits 10.1,
... 10.N. Threshold passings are stored in an inter-
mediate memory 11, for example by storing per
period the numbers of the threshold circuits at
which the threshold passings took place. Several
consecutive numbers within one period may in-
dicate the presence of a helicopter.

Entirely analogous to the first embodiment, a
helicopter with an even number of rotor blades will
generate a relatively wide spectrum, which is the
same for consecutive flashes. A helicopter with an
odd number of rotor blades yields a narrower spec-
trum, which moreover varies from flash to flash, but
with even flashes continuously presenting the same
spectrum and odd flashes continuously presenting
the same spectra. In the above-described second
specific embodiment, a helicopter with an even
number of rotor blades will generally produce an
output signal with four consecutive threshold pas-
sings per period. A helicopter with an odd number
of rotor blades will generally produce an output
signal with only two consecutive threshold pas-
sings, while the spectra of odd and even flashes
will generally produce output signals on different
threshold circuits, for example alternatively on 10.j,
10.j+1 and on 10.j+2, 10.j+3.

The intermediate memory is read by a first
combination device 12, which combines substan-
tially consecutive threshold passings originating
from one flash to form a group, which determines
the group's spectral width and which determines,
for the group, the range of the helicopter asso-
ciated to the group to the radar apparatus. On the
basis of the spectral width, the first combination
means furthermore endeavours to ascertain wheth-
er the number of rotor blades of the helicopter
concerned is odd or even. Groups of more than
five consecutive threshold passings within one pe-
riod or less than two consecutive threshold pas-
sings within one period are rejected by the first
combination means. If a blade flash which, at said
wavelength has a duration of approx. 500 usec, at
least substantially coincides with one period of the
sawtooth frequency modulation it will be possible
fo decide on the basis of one blade flash if the
number of blades is odd or even. The situation in
which a blade flash partially occurs in one period
and partially in a subsequent period is less favor-
able. The resulting spectral widening may render it
impossible to draw a conclusion on the basis of
this single blade flash. A second measurement
may than be necessary. The first combination de-
vice is designed such that the thresold passings in
two or more consecutive periods are combined to
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Groups determined by the first combination
device are, together with a system time, passed fo
a second combination device 13. This device seeks
to collect and combine consecutive helicopter
blade flashes. To this end, groups with equal
ranges and equal specfral widths are combined
and the time delay is determined. The second
combination device 13 provides plot messages at
least comprising range and blade flash frequency
as well as a parameter for establishing whether the
number of rotor blades is odd or even. Plots thus
obtained are reliable and reproducible to such an
extent that a search radar apparatus for helicopters
can be realised on the basis of the second special
embodiment. A precondition, however, is that for
the search radar apparatus antenna means 2 are
dimensioned such that for every possible helicopter
at least two consecutive blade flashes can be ob-
served. Thus, it will at all times be possible to
establish whether the number of rotor blades is odd
or even and to determine the blade flash fre-
quency. A possible choice could be 40 revolutions
per minute and a horizontal aperture angle of #/6
radians for antenna means 2. In spite of the rela-
tively poor azimuth accuracy of the search radar
apparatus on account of the wide horizontal ap-
erture angle, the azimuth resolution is excellent,
because blade flashes are only visible during typi-
cally two periods.

If a search radar apparatus is realised on the
basis of the second embodiment, the second com-
bination device 13 is capable, on the basis of the
consecutive groups, of assessing the azimuth di-
rection of the helicopters, which is to be added to
the plot messages. Subsequently, these plot mes-
sages can be processed in tracker 14 to result in
tracks, which are presented for display on indica-
tion device 7.

A ftracker has the advantage of reducing the
false-alarm rate. To this end, tracker 14 requires,
for instance, that a certain helicopter type is ob-
served at a like range and in a like azimuth direc-
tion during at least two successive antenna revolu-
tions. This, however, renders a quick detection of a
pop-up helicopter impossible. For this purpose, the
second combination device 13 is equipped with a
library from which the user may designate three
helicopter types, which are considered to be highly
threatening. If a helicopter thus designated is de-
tected, i.e. if a plot message is generated with
similar characteristics, this plot message is imme-
diately passed to indication means 7 via line 15.

In the second special embodiment, detection
loss caused by I/ noise, has less far-reaching
effects. Assuming, for instance, a helicopter being
detected at a range of 7.5 km. The helicopter
spectrum will then be situated at approx. 250 kHz.
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If a search radar apparatus is realised on the basis
of the first special embodiment, that same heli-
copter will have a spectrum of approx. 1 kHz. With
respect to the I/f noise contribution, this results in
an improvement of almost 50 dB.

An object with a large radar cross section in
the vicinity of the radar apparatus may neverthe-
less result in an increase of the noise level, even to
such an extent that the threshold circuits 10.1, ...,
10.N are activated. To prevent this, processor 6 is
provided with a constant false-alarm processor:
CFAR 16. According to known methods which in-
volve the adjustment of the threshold values
Dy,...,.Dn, this processor aims at keeping the num-
ber of threshold passings per unit of time substan-
tially constant. Since, during the rotation of antenna
means 2, such an object gradually appears in the
antenna beam, an effective CFAR can thus be
obtained.

An alternative embodiment of a CFAR com-
bines the threshold function and the CFAR function
with the first combination device 12. Threshold
circuits 10.1, ..., 10.N and CFAR 16 are then ab-
sent. The signal strengths, generated by de
modulus-determining elements 9.1, ..., 9.N will im-
mediately be stored in intermediate memory 11, in
a two-dimensional field, a part of which is pre-
sented in Fig. 4. The consecutive periods are
stored in horizontal direction, the signal strengths
generated by the modulus-determining elements
9.1, ..., 9.N are stored in vertical direction. This
two-dimensional field is scanned for the presence
of helicopters by means of a two-dimensional win-
dow, which in this example is 7 periods by 7 signal
strengths, whereby a signal strength in a central
area 17 is applied to a threshold circuit and com-
pared with an average signal strength calculated for
peripheral area 18. The first combination device 12
may be designed as a high-speed processor,
which first thresholds the signal strengths present
in the two-dimensional field, and subsequently
combines the individual threshold passings to form
groups and ultimately examines whether the num-
ber of rotor blades of the helicopters associated
with these groups is odd or even. The alternative
embodiment of a CFAR has the advantage that the
radar apparatus is less susceptible o interference,
particularly to noise jamming.

Although for the first as well as the second
embodiment, radar radiation having a wavelength
of 23 cm has been selected, each wavelength is
suitable for the invention described here. The ad-
vantage of long wavelengths is that the blade flash
is of relatively long duration and is distributed over
a small part of the frequency spectrum only, which
favourably affects the price of the processing.
Short wavelengths on the other hand result in in-
creased radar cross sections of rotor blades and in
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reduced antenna dimensions.
Claims

1. Doppler radar apparatus, comprising transmit-
ter means and receiver means coupled to an-
tenna means, and processor means coupled to
the receiver means, for the detection of heli-
copters by blade flashes caused by helicopter
rotor blades and the identification of helicop-
ters by determining the repetition frequencies
of the blade flashes, characterized in that the
radar apparatus is provided with means for the
determination of Doppler spectra for individual
blade flashes.

2. Doppler radar apparatus as claimed in claim 1,
characterized in that the transmitter means are
equipped for the transmission of periodical lin-
ear frequency-modulated signals, the receiver
means are equipped with mixing means for the
generation of a heterodyne signal from a signal
representing the transmitted signal and re-
ceived radar echoes, and the processor means
are equipped with Fourier analysis means for
the transformation of the heterodyne signals
originating from consecutive periods into con-
secutive frequency spectra, where every spec-
trum is represented by N complex values (N
=2,3,4,..).

3. Doppler radar apparatus as claimed in claim 2,
characterized in that for consecutive periods
the N complex values are applied to N high-
pass filters, followed by N modulus-determin-
ing elements, that N threshold ciruits are con-
nected to the outputs of the N modulus-deter-
mining elements, and that threshold passing
data is stored into an intermediate memory for
further processing.

4. Doppler radar apparatus as claimed in claim 3,
characterized in that the processor means are
provided with constant false alarm rate means
for adjusting the threshold values connected fo
the threshold circuits such that a substantially
constant number of threshold passings per unit
of time is obtained.

5. Doppler radar apparatus as claimed in claim 3
or 4, characterized in that the processor means
are provided with first combination means for
the determination of groups of threshold pas-
sings associated with one blade flash on the
basis of threshold passing data stored into the
intermediate memory, and with means for the
determination of the range of helicopters asso-
ciated with these groups, and for establishing
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whether these helicopters are provided with an
odd or even number of blades.

Doppler radar apparatus as claimed in claim 2,
characterized in that for consecutive periods
the N complex values are applied to N high-
pass filters followed by N modulus-determining
elements, the output values of which are
stored in an N wide memory field for further
processing.

Doppler radar apparatus as claimed in claim 6,
characterized in that the processor means are
provided with threshold value determinating
means operating on the memory field for a
constant false alarm rate based on a moving
window method; with thresholding means op-
erating on the memory field; with combination
means for the determination of groups of
threshold passings associated with one blade
flash; and with means for the determination of
the range of helicopters associated with these
groups and for establishing whether these heli-
copters are provided with an odd or an even
number of blades.

Doppler radar apparatus as claimed in claim 5
or 7, characterized in that the range of a heli-
copter is determined by the location within one
spectrum of the group associated with that
helicopter and the structure of the rotor by the
width of the group.

Doppler radar apparatus as claimed in claim 8,
characterized in that the processor means are
provided with second combination means for
combining consecutive groups on the basis of
at least substantially corresponding spectral
features for obtaining blade flash repetition fre-
quencies.

Doppler radar apparatus as claimed in claim 9,
characterized in that the antenna means are
mounted for rotation around a substantially ver-
tical search axis and provide azimuth-angle
information to the processor means.

Doppler radar apparatus as claimed in claim
10, characterized in that the second combina-
tion means are provided with an azimuth es-
timator for determining the azimuth angle of
helicopters associated with consecutive groups
having substantially corresponding specitral
features on the basis of a known antenna
beamwidth of the antenna means.

Doppler radar apparatus as claimed in claim
11, characterized in that the processor means

10

15

20

25

30

35

40

45

50

55

13.

10

further comprise tracking means for combining
output signals of the second combination
means obtained during at least two revolutions
of the antenna means, for obtaining a drive
signal for an indication device containing at
least range, azimuth and type information of
detected helicopters.

Radar apparatus as claimed in claim 12, char-
acterized in that the second combination
means are provided with means for generating
a drive signal for the indication device if the
time delay between consecutive groups having
substantially corresponding spectral features,
satisfies given criteria.
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