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(57) ABSTRACT

A field unit for warning of a danger of collision between an
aircrait and an obstacle, 1in particular a topographical ground
obstacle or an obstacle formed by a mast, building or aerial
cable structure, comprises a multi-part tubular mast having
devices for fixing a solar panel and a radar antenna; an elon-
gate radar antenna 1n an environment-protective casing,
which, with an electronics umt, forms a radar system for
synthesized radar detection of an aircraft in a radar coverage
area; a central processing unit for identifying on the basis of
information from the radar system an aircraft which 1s 1n a
zone of the radar coverage area and which on the basis of
radar information such as direction, distance and/or speed
computes a collision danger area; and a high-intensity light
system and radio transmitter system that can be activated by
the central processing unit upon detection of an aircraft in a
collision danger area. The radio transmitter system may be a
VHF or UHF radio transmitter system for providing a radio
signal modulated by an audible warning signal, preferably a
voice warning signal, whilst the light system preferably com-
prises a stroboscope light system. The field unit 1s arranged
for commumnication with other similar field units for remote
activation of light or audio warnings 1n a neighbouring field
unit.

21 Claims, 17 Drawing Sheets
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SYSTEM FOR AVOIDANCE OF COLLISION
BETWEEN AN AIRCRAFT AND AN
OBSTACLE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Notice: More than one reissue application has been filed
for the veissue of U.S. Pat. No. 7,136,011. The reissue appli-
cations are application Ser. No. 12/685,117 (the present
application), and application Ser. No. 12/031,908, now U.S.
RE41153.

FIELD OF THE INVENTION

The mvention relates to systems for avoidance of collision
between an aircrait and an obstacle on the ground, and relates
in particular to systems of this kind that comprise a radar
device for detection of an aircraft in flight and a device for
warning the operator of the aircraft of a possible collision
obstacle that is 1n the vicinity of the aircraft.

BACKGROUND

Accidents 1n which planes or helicopters fly mto power
lines happen once or twice a year in Norway, and almost
weekly 1n the USA. These accidents often result in the loss of
human life and substantial material damage. The accidents
are a clear indication that today’s marking of power lines and
other aerial obstacles 1s not good enough. Marking of aerial
obstacles using a system for avoidance of collision between
an aircraft and an obstacle, hereinafter called OCAS, can
reduce the number of accidents of this type considerably.

U.S. Pat. No. 5,351,032 discloses a short-range radio sys-
tem, wherein the system provides both audio and visual warn-
ings to the pilot of an aircraft of an upcoming power line. The
system comprises a small narrow-band transmitter which uti-
lises power from the power line, wherein the narrow-band
transmitter may be installed on top of a power line tower or
within already existing warning balls on the power line. The
narrow-band transmitter provides a continuous warning sig-
nal to aircraft that approach the deployed narrowband trans-
mitter, and a recerver installed on board the aircrait capable of
receiving the warning signal from the narrow-band transmit-
ter will, upon receipt of the warning signal, trigger both an
audio and a visual alarm to alert the pilot of the aircrait to the
potential hazard. Thus, the system requires that a part thereot,
in this case a systemadapted recerver, should be located 1n the
aircraft, and will only be effective in warning aircraft that
have a part of the system installed therein. Therefore, aircraft
that do not have a recerver of this kind installed will not be
able to take advantage of the possible warning that the nar-
row-band transmitter could give. Furthermore, the system
does not include any means for determining the distance
between the aircraft and the obstacle, and 1t will thus be a
matter of chance whether the recerver in the aircrait picks up
the warning signal at a short or a long distance, which may
result 1n a warning that 1s too late or in an unnecessary warn-
ing to aircraft which are at a great distance, but nevertheless
within the maximum range that 1s determined by the propa-
gation potential of the radio waves, the presence or absence of
noise sources and the sensitivity of the recerver 1n question.
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Thus, 1t 1s an object of the present invention to provide a
solution that can give a warning to an operator of an aircrait in
order to prevent collision between an aircraft and an obstacle,
which overcomes the drawbacks of the previously known
solutions.

SUMMARY

The present mnvention provides a system for avoidance of
collision between an aircraft and an obstacle, characterised by
the features set forth in the attached independent patent

claims.
Additional advantageous features of the mvention are set
forth 1n the attached dependent patent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following description, the present invention will be
explained in more detail with the aid of examples and with
reference to the attached drawings, wherein:

FIG. 1 1s a structure chart showing the main elements of an
OCAS system according to the imvention;

FIG. 2 1s an illustration of an example of an OCAS unit
according to the invention;

FIG. 3 shows an OCAS unit according to the invention and
an embodiment of a mast that will be an 1ntegral part of an
OCAS system;

FIG. 4 1s a schematic illustration of an example of the
determining of a vertical warning boundary for an OCAS
solution according to the invention;

FIG. S1s a schematicillustration of an example of detection
and warning zones 1n an example of the utilisation of an
OCAS system according to the invention to warn of a power
line obstacle for aircraft travelling at a speed of less than 200
knots;

FIG. 6 1s a schematic illustration of an example of detection
and warning zones 1n an example of the utilisation of an
OCAS system according to the invention to warn of a power
line obstacle for aircrait travelling at a speed of more than 200
knots;

FI1G. 71s a schematic illustration of an example of detection
and warning zones in an example of the utilisation of an
OCAS system according to the invention to warn of a fixed
point for aircrait travelling at a speed of less than 200 knots;

FIG. 81s a schematic illustration of an example of detection
and warning zones 1n an example of the utilisation of an
OCAS system according to the invention to warn of a fixed
point for aircrait travelling at a speed of more than 200 knots;

FIG. 9 indicates 1n principle two possible types of warning,
that can be components of an OCAS system according to the
invention;

FIG. 10 1s a general outline of a possible scenario involving,
an installation of an OCAS system according to the invention
on a power line and detection and warning zones for an
aircrait travelling towards the system installation;

FIG. 11 shows an antenna configuration for a radar 1n an
OCAS system according to the invention;

FIG. 12 1s a more detailed schematic diagram of a radar
antenna architecture as show 1n FIG. 11.

FIG. 13 1s more detailed schematic diagram of an antenna
architecture as shown in FI1G. 11 with the addition of control
and signal generation electronics;

FIG. 14 1s a schematic 1llustration of examples of antenna
panel designs for an antenna architecture as shown 1n FI1G. 11
or FIG. 12 for an OCAS solution according to the invention;
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FIG. 15 1s a schematic 1llustration of an example of a feed
network for antenna panel designs for an antenna architecture

as shown 1n FI1G. 10,11 or12 for an OCAS solution according
to the invention;

FI1G. 16 1s a schematic illustration of an almost cylindrical
support frame and radome for an antenna architecture as
shown 1n FIG. 11, 12 or 13, with a mounting suggestion for a
favourable positioning of anon-directional VHF antenna; and

FIG. 17 1s a schematic illustration of more details of the
support frame in an antenna architecture as shown 1n FIG. 11,
12, 13 or 16, where each individual antenna panel 1s covered
by a panel radome for an OCAS solution according to the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An OCAS system according to the invention 1s comprised
of units which communicate with each other, and which also
are arranged to communicate with a centre, for example an
OCC=0CAS Control Centre. The status of OCAS field units
can be monitored from an OCC, with reporting to, for
example, NOTAM or a Web-page. The warning areas can be
reprogrammed from the OCC, and OCAS field units can also
be upgraded and have faults rectified therefrom.

Below there follows a short description of the main fea-
tures of the functioning of the system. An OCAS field unit
will typically be placed 1n the vicinmity of an aerial obstacle of
which the OCAS unit 1s to give warming. One of the said
OCAS field units consists primarily of a radar device, a VHF
radio, a power source and a mast.

A radar which 1s part of an OCAS system according to the
invention 1s arranged to have low power consumption, and 1s
constructed to seek continuously in its coverage area for
moving aircrait. Upon detection of an aircraft, the radar 1s
arranged to follow the aircrait as a defined target. The course,
height and speed of this target are computed and registered in
the OCAS field unit. The OCAS field unit 1s provided with a
device that follows the registered course, height and speed.,
and 1s arranged to activate a warning to enable the pilot to
manoeuvre sately away from the aerial obstacle if the target’s
course, height and speed are of such character that there 1s a
danger of collision with the aerial obstacle.

The VHF radio of an OCAS field unit, which 1s an integral
part of a system according to the invention, permits the
remote control of warning lights, audio warning signals and
communication within a network of OCAS field units.

The OCAS field unit 1s designed for low power consump-
tion, and will typically be supplied with power from batteries
and/or solar panels. This mode of power supply renders the
field unit seli-suilicient 1n energy and independent of power
supply from a mains network. As a supplement to the power
supply from batteries and solar panels, the OCAS field unit
may be provided with a power supply unit or a connection for
the mains network, which permits operation even 1f batteries
or solar panels should not be capable of supplying the neces-
sary electric power. A power supply solution of this kind will
advantageously give low running costs and simplified instal-
lation and operation in remote, accessible locations.

An OCAS field unit will typically be mounted on a mast.
The mast which 1s a part of an OCAS system according to the
invention 1s flexibly constructed of modules to facilitate trans-
port. Thus, 1t 1s simple to assemble, and a whole OCAS field
unit 1s so constructed and its materials are so selected that the
unit 1s resistant to harsh climatic conditions. Furthermore, the
mast and the OCAS field unit are designed and constructed in
accordance with modem environmental requirements, and
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thus blend 1nto the surroundings and permit optimal position-
ing of the radar. An OCAS system according to the invention
has a number of operating modes, of which one keeps the
actual radar unit in operation to continuously monitor the
radar’s coverage area, whilst the other parts of the system
“sleep”. With the radar 1n operating mode, this coverage area
1s defined by two warning zones. The two warning zones are
a warning zone for a light signal and a warning zone for an
audio signal. In the case of aircraft that are detected 1n the
light signal warning zone, an OCAS system according to the
invention activates a light signal mounted on or close to the
aerial obstacle to aid the aircraft operator’s or pilot’s visual
detection of the obstacle situation. If, despite the light signal
warning in the first warning zone, the aircrait does not make
any evasive manoeuvre, but continues 1ts journey into the
second warning zone, an acoustic signal that 1s given via a
VHEF radio 1s activated. The audible warning signal given via
the VHF radio 1s characteristic, distinctive and easy to recog-
nise, and 1s transmitted on all relevant VHF frequencies to
aircraft within the VHF radio’s range. A VHF radio, or aradio
operating on other frequency bands, and which 1s a part of an
OCAS system according to the invention, 1s provided with a
programming device so that some frequencies can be defined
sO as not to carry the sound warning.

A radar device in an OCAS system according to the mnven-
tion includes a radar signal processing unit which determines
whether a detected object 1s within the defined detection area,
and within the defined warning zones. Detection areas and
warning zones are defined through the programming of the
processing unit and by the actual coverage area of the radar, so
that the warning zones are limited 1n the vertical plane. Typi-
cally, such a limitation in the vertical plane for an OCAS
system according to the invention will be defined so that
objects, or targets, which are, or will come, at a height of less
than 50 meters above the highest point of the associated aerial
obstacle trigger a warning.

The radar system 1n an OCAS system according to the
invention 1s arranged to determine whether a target has a
course and height that may result 1n the target colliding with
the aerial obstacle if the identified course and height are
maintained. If the target’s course and height are of such a
character, the light warning will be activated when the target
1s 1n the warning zone. The warning zone will thus be partly
defined by means of the target’s speed and direction, and 1s
given an area 1n accordance with these factors in order to
activate a warning 1 good time before a potential collision
happens. The warning time 1s thus calculated to help the pilot
se¢ the obstacle and manoeuvre away from the obstacle to
avoid collision.

A light warning may, for example, be a stroboscopic light
which flashes about 40 times per minute.

An acoustic warning via a VHF radio may typically be a
signal that 1s transmitted with a duration of 3.5 seconds, and
which alerts the aviator to the fact that he 1s 1n the vicinity of
an aerial obstacle.

An OCAS system according to the mvention may also be
provided with a device for following a target that 1s detected
within the radar’s range, and for following the target with a
warning when the target enters a warming zone, but then
desisting from giving new warnings if the target 1s slow-
moving and 1s inside the warning zone for a long time. This 1s
advantageous, for example, 1f 1t 1s necessary to carry out work
on or in the immediate vicinity of an aerial obstacle, such as
a power line, using a helicopter or other slow-moving aircrait.
In such a case, the warning will be given in the usual way
when the aircraft first enters the warning zone, but new warn-
ings will not be given as long as the aircraft 1s nside the
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warning zone. Should the aircratt leave the warning zone and
then re-enter 1t, a new warning, either a light or audio warn-
ing, will be activated as before.

An OCAS system according to the invention may include
several OCAS field units. OCAS field units are provided with
means of communication for communicating with each other,
and can exchange information relating to a target detected
within the field umit’s range.

Optionally, an OCAS field unit according to the invention
may be equipped with communication systems for commu-
nication with an OCAS operation centre, which, for example,
may be located in already existing monitoring stations.
OCAS monitoring will thus be another important part of
system monitoring. From an OCAS operation centre, the
technical and operational status of each OCAS field centre
can be monitored, and a simple remote diagnosis can be
made, possibly followed by fault rectification of The parts of
the OCAS field unit that are designed for remote fault recti-
fication. The possibility of remote monitoring, remote diag-
nosis and remote fault rectification will give low nspection
costs compared with previously known manual inspection of
systems, and will contribute to greater safety as a result of this
possibility for real-time function reporting. The OCAS
remote reporting capability allows the status of the system to
be reported automatically to other units that are responsible
for systems associated with the handling of air transport, and
thus permits, for example, the state of the system to be made
known to pilots and operators through noftification wvia
NOTAM.

FI1G. 11 shows an example of an embodiment of a preferred
antenna solution for an OCAS radar antenna having eight
antenna panels arranged as the sides of an octagon. During
operation, the octagonal antenna 320 will be so positioned
that each antenna panel 310 1s arranged vertically with a “field
of view” that exceeds V&th of the circumierence, and due to an
overlapping with adjacent panels, the assembly of eight pan-
cls will give a 360° coverage. Each antenna panel comprises
a plurality of antenna elements 311 which are selected
according to frequency, vertical coverage requirements etc.

FI1G. 12 1s a schematic diagram of the architecture shown in
FIG. 8, but with fewer antenna elements 311, where 1t 1s
illustrated how the signals are carrnied to/from the antenna
clements 111, through a combination of pin-diode switches
and a radial splitter 130, and active modules 135 which com-
prise a low noise amplifier LNA, a power amplifier PA and a
phase shifter, and also a network for combining the signals
into one signal that 1s passed on to the actual radar system unit
140 containing radar signal generator and recerver 143, a unit
tor switch control and switch power supply 141 and a unit for
TX/RX control and phase shift control with power supply
142, as indicated in more detail in FIG. 13. Alternatives for
the design of an antenna element 110 are shown 1n FIG. 14. In
alternative 1 the antenna panel 1s made of an elongate struc-
ture consisting of a reference plane 113, a dielectric layer 112
and a plurality of element areas 111. Antenna feed 1s carried
out by the feed probe 114 which 1s passed through an opening
in the reference plane 113, optionally, as shown for alternative
3, with connection to a feed line network laid on a dielectric
layer placed on the reference plane on the side of the reference
plane that 1s opposite to the position of the antenna element.
A panel with a group of antenna elements 1s also shown 1n the
lower part of FI1G. 14, where a group antenna 1s outlined with
a total of eight elements, of which the two uppermost and the
lowermost are shown. A further detail of alayered structure as
shown 1n FI1G. 14 1s shown 1n part by a split drawing in FIG.
15, where the split-up structure of the panel 1s s own 1n a side
view, as an 1llustration of a possible feed network made 1n the
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form of a printed circuit on a circuit board which bears the
reference plane on one side and the feed network on the
opposite side. The conductor structure of the feed network 1s
shown indicated by the reference numeral 115. The reference
numerals 130/135 indicate, respectively, modules containing
pin diode switches and radial splitter and active modules
containing LINA, PA and phase shifter.

Details of a mechanical construction 1 an assembled
antenna system which 1s suitable for the invention 1s shown 1n
FIG. 16, including as shown in FIG. 11, a constellation of
cight antenna panels arranged cylindrically 1n an octagonal
cross-section, where the antenna panels are mounted on an
octagonal framework with centrally located interface 205 at
one end with mechanical fixing means for a VHF antenna
201. In the upper part of FIG. 16, indicated 1n sketch 4, 1t 1s
shown how a cylindrical radome can be placed over the
octagonal framework to provide environmental protection of
the antenna panels.

The framework construction 1s shown 1n more detail in
FIG. 17, with the framework 120, and a possible arrangement
of an antenna panel 110 1n a respective longitudinal slot in the
frame structure, and at the bottom of FIG. 17, an alternative
radome structure 1s shown which permits individual radome
protection of the antenna panel 110. Below there follows a
more detailed description of a specific exemplary embodi-
ment of a radar antenna that 1s suitable for use 1n the present
ivention.

First, let us discuss the calculation of the physical size of

the antenna. The radar system 1s assigned a frequency of
around 1.3-1.5 GHz (information from KITRON 10 Sep.

2001). The wavelength 1s then 4=c/1=22.3-23.1 cm. This
makes 1t possible to determine the mechanmical external
dimensions of the antenna. Based on an operational fre-
quency of 1.325 GHz, the diameter of the antenna 1s estimated
to be about 50 cm. Including a surrounding cylindrical
radome, the external diameter will be about 65 cm. The height
of the antenna will be determined by the number of elements
per column which will be clarified 1n the specification phase
of the development. With eight elements per column, the
height of the antenna will be about 1.3 meters.

Below there follows a more detailed description of the
structural design of the antenna as it 1s also outlined 1n the
attached drawings. The antenna will consist of eight columns
of radiating elements around a cylinder. The sub-project
“Antenna” will comprise the design of the actual radiating
clement, active element pair and the group antenna with N
clements 1n the vertical direction, including excitation/feed
method. This will include integration o the antenna with feed
line, which will be an interface with sub-project “Antenna
interface”. In coordination with sub-project “Antenna inter-
face”, amechanical framework will be developed or proposed
for the mounting of antenna modules and the boards which
are a part of “Antenna interface”. In addition, a radome will be
specified both electrically and mechanically, adapted to the
mechanical framework.

In what follows there 1s a description of structural details of
an antenna element in an antenna panel for an antenna design
as 1llustrated 1n the attached drawings. For eight elements 1n
the vertical direction, the total height will be about 1.3 meters.
The substrate requirement will then be about 8x1.3 mx0.2
m=2 m~ per antenna.

The antenna itself will be a microstrip patch antenna,
which we believe will give reasonable production costs due to
the etching of a patch pattern. A microstrip patch antenna
consists of a rectangular metal surface (=patch) that 1s etched
out on one side of a substrate, whilst the other side of the
substrate 1s metallized, and constitutes the patch ground
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plane. The patch antenna 1s fed via a probe that 1s drawn
through the antenna ground plane and soldered to the patch
itself.

Bandwidth requirements call for a minimum height
between patch and ground plane. Preliminary calculations
show that with a typical microwave substrate (TLC-30 from
Taconix) a substrate thickness of about 3 mm 1s required. This
1s the alternative 1 embodiment as shown for example 1n FIG.
14.

The TLC30 substrate 1s regarded as a low-cost substrate for
microwave Ifrequencies. It 1s supplied with a one or two-sided
copper coating. The price for a sheet 1s given as $370, or $330
per m2 (thickness 1.6 mm). For a large order, we can expect
the price per sheet to be reduced by about 40%. This seems to
be a costly solution where materials are concerned.

Alternative 2 embodiment: If FR4 material 1s used as a
substrate for the patch antenna, a substrate thickness of about
3 mm 1s required. One side of the board 1s then mentallized
(copper), whilst the other side consists of patches (etched
pattern), such as that 1llustrated 1n FIG. 14.

The alternative 3 embodiment 1s shown 1n the illustration in
FIG. 14, where the height between the patch and the ground
plane may be air. This can then be realised in the form of
air-filled cavities that are punched out of a metal plate, 3 mm
thick (8 per antenna, with 8 cavities in the vertical direction).
The actual patches can be etched out 1n a board of FR4
material, which can be glued or screwed to the cavity plate.
FR4 matenal that 1s 0.5 mm thick has sufficient ngidity to
maintain 1ts shape across the cavities. The cavities may be
round or rectangular. In the bottom of the cavities there 1s
another metal plate which forms the ground plane for the
patches. The ground plane may either be a metal plate with
holes for the feed probes or a substrate (FR4) with corre-
sponding holes in the metal layer for feed. The substrate may
then be used for feed lines if all other boards are placed 1n the
bottom of the antenna.

Alternative 3 1s a preferred embodiment of an antenna
panel for an OCAS marker, as 1t has cavities which give more
advantages in terms of electromagnetics than alternatives 1
and 2.

Below there follows a discussion of an antenna interface
that 1s suitable for the antenna discussed above. The antenna
interface comprises a board and components on the signal
path between the patch and the elements of the RF radar
signal, as illustrated in FIG. 13. FIG. 12 shows that this
consists of feed lines and switches out to each individual
clement from a 1:8 radial splitter. On the back of the radial
splitter, we will place an active module consisting of TX/RX
switches, LNA, PA and phase shifter. The signals from each
of the active modules (as many modules of this kind as ele-
ments in the vertical direction) are then combined before the
combined signal 1s passed into the radar transceiver. FIGS.
12-13 show that this 1s intended to be done on several boards.
We envisage an embodiment on a FR4 substrate, where a
closer study of the choice of substrate i1s a part of the main
project. As input to this activity we would like information
about expected tolerance on relative dielectric constant and
substrate height for the FR4 substrate concerned. Etching
tolerances are also of interest. For laying out microstrip lines
we will probably use 0.75 mm substrate height as this gives 50
ohm characteristic impedance at line widths of about 1.4 mm.

To make mounting and maintenance easier, we will con-
sider moving all boards to the bottom of the antenna. This will
give longer feed lines out to the patch elements, which gives
increased loss etc. The feed lines can then be placed on the
back of the FR4 substrate which functions as an ground plane
tor the patches as illustrated in FIG. 15.
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Below there follows a description of radome solutions for
protection of the antenna panels against impact from the
surroundings. The radome can be integrated 1n a number of
ways. In our original proposal, the radome 1s a large cylinder
having an external diameter of about 65 cm, which 1s
“threaded” onto the antenna. An alternative to this 1s one
radome per antenna panel (8). See the sketch on a separate
sheet. The rest of the electronics must then be protected 1n
another way. See FIG. 16 or 17.

In the following features of an advantageous framework
structure for securing and positioning antenna panels are
described. The framework will form a mechanical frame for
the integration of antenna panels (8) and boards from the
“antenna interface” and radome, as outlined for example 1n
FIGS. 16 and 17.

To summarise, an OCAS marker according to the invention
consists primarily of a radar system connected to a central
processing unit, to which there 1s also connected a light sys-
tem and a radio system for transmission oi the warning signal.
The marker also includes a power supply system with an
clectric power generator of the solar cell type or wind gen-
erator type, and a back-up battery, and possibly also a con-
nection to power supply from a nearby mains network. Where
several OCAS markers are to work together 1n one network,
systems for internal communication whereby the OCAS
markers can exchange mformation about target movements
within their coverage area and operational status information
are included 1n order to establish a continuous chain of OCAS
markers, and to ensure communication and warning beyond
that which could be provided by a single marker. A typical
OCAS marker field unit 1s mounted on a tubular mast struc-
ture 700 formed by three tubular mast structural members,
respectively a bottom tube 730, a central tube 720 and a top
tube 710, where the top tube 710 imncludes a mounting inter-
face for attachment of a cylindrical or segmental radar
antenna.

What 1s claimed 1s:

[1. A field unit for warning of a danger of collision between
an aircrait and an obstacle, 1n particular a topographical
ground obstacle or an obstacle formed by a mast, building or
aerial cable structure, characterised in that it comprises:

a multi-part tubular mast having a fixing device on one side
face for a solar panel and a fixing device at an upper end
for a radar antenna; an elongate radar antenna arranged
vertically 1n the longitudinal direction and having a plu-
rality of antenna panels and provided with an environ-
ment-protective casing, which radar antenna 1s 1n com-
munication with radar electronics to form a radar system
for synthesized radar detection of an aircraft 1n a radar
coverage area; a central processing unit 1n communica-
tion with the synthesized radar detection radar system
for processing information from the radar system, which
information includes at least one indication of direction
and several indications of distance or at least one 1ndi-
cation of direction, one indication of distance and one
indication of speed, and for 1dentifying a radar system
detected aircrait that 1s 1n a zone of the radar coverage
arca computed by the central processing unit as a colli-
sion danger area on the basis of the mnformation;

a high-1ntensity light system connected to and controlled
by the central processing unit for providing a high-
intensity light warning signal, the light system being
activatable by the central processing unit upon the
detection of an aircraft in the collision danger zone; a
VHF or UHF radio transmitter system connected to
and controlled by the central processing unit for pro-
viding a radio signal modulated by an audible warn-
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ing signal, the VHF or UHF radio transmitter system
being activatable by the central processing unit upon
the detection of an aircraft in the collision danger
zone; and

an electric power supply system comprising a solar panel
secured to a fixing device, a chargeable back-up battery
and a power supply control for power supply to the radar
system, the central processing unit, the high-intensity
light system and the VHF or UHF radio transmitter
system. ]

[2. A field unit as disclosed in claim 1, further comprising

a position transmitting device based on the global positioning
system GPS.]

[3. A field unit as disclosed in claim 1, further comprising
a communication device connected to the central processing
unit and arranged for communication with a similar second
field unit, wherein the central processing unit 1s arranged to
transmit to the second field unit information from the local
radar system about the detected aircraft, and 1s arranged to
receive from the second field unit information from the sec-
ond field unit’s local radar system about a detected aircratt
and, on the basis of the information received, to activate the
light system or the VHF or UHF radio transmitter system.]

[4. A field unit as disclosed in claim 1, wherein the detec-
tion zone 1s at least 3000 meters, and wherein a warning zone
for the collision danger area 1s defined as an elongate area
around an associated aerial obstacle extending to a distance
from the aerial obstacle that corresponds to a flying time of
preferably 15 seconds, and preferably not less than 4.5 sec-
onds, on the basis of the aircraft’s speed for an aircrait that 1s
within a computed height of less than 50 meters below a
defined obstacle height.}

[5. A field unit as disclosed in claim 1, wherein the detec-
tion zone 1s at least 3000 meters, and wherein a warning zone
for the collision danger area 1s defined as a partly spherical
area around an associated point obstacle extending to a dis-
tance from the point obstacle that corresponds preferably to a
flying time of 15 seconds, and preferably not less than 4.5
seconds, on the basis of the aircrait’s speed for an aircrait that
1s within a computed height of less than 50 meters below a
defined obstacle height.]

[6. A field unit as disclosed in claim 1, wherein the light
system includes at least one stroboscope light system.]

[7. A field unit as disclosed in claim 1, wherein the audible
warning signal 1s a voice signal that gives information speci-
fying the obstacle.]

[8. A field unit as disclosed claim 1, further comprising a
remote monitoring system for reporting to an operation centre
at least one operating state of the field unit, and optionally for
control or remote maintenance of the field unit.}

[9. A field unit as disclosed in claim 1, wherein the central
processing unit 1s arranged to activate the light system and/or
VHF or UHF radio transmitter system preferably 15 seconds
before a computed collision time on the basis of the detected
aircrait’s direction, distance and speed relative to the
obstacle.]

[10. A field unit as disclosed in claim 1, wherein the light
system 1s arranged to emit a flashing light with a repetition
rate of about 40 flashes per minute.]

11. An apparatus comprising:

a field unit for placement in the vicinity of an obstacle,

a central processing unit configured to rveceive course and
height information from a detection system about a tar-
get approaching the obstacle, configured to identify
when the target is entering a first and second warning
zone in the vicinity of the obstacle computed by the
central processing unit and configured to control a
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warning system to provide a first warning signal to the
target when the target enters the first warning zone and
a second warning signal to the target when the target
enters the second warning zone.

12. The apparatus of claim 11, wherein the field unit pro-
vides for remote monitoring of the field unit from an opera-
tions centre.

13. The apparatus of claim 11, wherein the central pro-
cessing unit activates a light system to provide the first warn-
ing signal.

14. The apparatus of claim 11, wherein the central pro-
cessing unit activates a vadio transmitter system to provide
the second warning signall.

15. The apparatus of claim 14, wherein the radio transmit-
ter system is included with the field unit.

16. The apparatus of claim 11, wherein the field unit is one
of a plurality of field units having coverage areas and that are
in communication to exchange information about target
movements within the coverage areas and operational status
information.

17. The apparatus of claim 11, wherein the field unit
includes a radar system providing course and height infor-
mation about the target to the central processing unit.

18. An apparatus comprising:

a field unit for placement in the vicinity of an obstacle

including,

a central processing unit configured to receive course and

height information from a detection system about a tar-
get approaching the obstacle, configured to identify a
target entering a warning zone in the vicinity of the
obstacle, and configured to control a warning system to
provide a warning to the target when the target enters
the warning zone, and desist from giving new warnings
when the target stays inside the warning zone.

19. The apparatus of claim 18, wherein the field unit
includes a radar system providing course and height infor-
mation about the target to the central processing unit.

20. The apparatus of claim 18, wherein the central pro-
cessing unit activates at least one of a light system and a vadio
transmitter system to provide the warning signal.

21. A method of warning a target of an obstacle compris-
Ing:

monitoring a coverage area in the vicinity of an obstacle

using a field unit in the vicinity of the obstacle;
determining course and height information for a target in
the coverage area;

calculating first and second warning zones based on the

course and height information using a central process-
Ing unit;

providing a first warning to the target, when the target

enters the first warning zone;

providing a second warning to the target, when the target

enters the second warning zone.

22. The method of claim 21, wherein providing the first
warning includes providing the first warning to the target
using a light system activated by a central processing unit in
the field unat.

23. The method of claim 21, wherein providing the second
warning includes providing second warning to the target
using a rvadio transmitter system activated by a central pro-
cessing unit in the field unit.

24. The method of claim 21, wherein determining includes

performing synthesized radar detection of the target to deter-

mine at least one of, at least one indication of divection and
several indications of distance, and, at least one indication of
dirvection, one indication of distance and one indication of
speed.
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25. The method of claim 21, wherein:
the providing a first warning to the target, includes provid-
ing a first warning by activating a light system to provide
at least one flashing visible light in the vicinity of the
obstacle; and,
the providing a second warning to the target, includes
providing a second warning by activating a vadio trans-
mitter to provide an audible warning to the target in at
least one of the UHF and VHF radio frequency bands.
26. The method of claim 25, wherein the audible warning is
provided in a plurality of frequencies.
27. The method of claim 25 further comprising configuring
a light system and a radio transmitter to be in a sleep mode
when not activated.
28. The method of claim 21, further comprising desisting
from providing warnings when the target is inside the warn-
Ing zone.
29. The method of claim 21, wherein,
monitoring includes providing at least first and second
field units in communication to exchange information
about target movements within respective coverage
areas and operational status information; and,
exchanging information between the field units rvelating to
the target detected within the coverage areas.
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30. The method of claim 21, further comprising.

communicating with other similar field units for remote
activation of at least one of light and audio warnings in
the similar field units.

31. An aircraft collision avoidance system comprising:

a field unit for placement in the vicinity of a ground
obstacle including,

a radar system having a radar coverage area,; and

a central processing unit in communication with the vadar
system for processing information from the vradar system
about aivcraft in the radar coverage arvea, and for iden-
tifving airvcraft entering a first and second warning zone
of the radar coverage area computed by the central
processing unit on the basis of the information;

a light system activated by the central processing unit to
provide a light warning signal upon the identification of
the airvcraft entering the first warning zone; and,

a radio transmitter system activated by the central process-
ing unit to provide a radio frequency audible warning
signal upon the identification of the aircraft entering the
second warning zone.
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