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(57) ABSTRACT 

A ?eld unit for Warning of a danger of collision between an 
aircraft and an obstacle; in 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 ?xing a solar panel and a radar antenna; an elon 
gate radar antenna in an environment-protective casing; 
Which; With an electronics unit; 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 is in 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 
comprises a stroboscope light system. The ?eld unit is 
arranged for communication With other similar ?eld units for 
remote activation of light or audio Warnings in a neighbour 
ing ?eld unit. 

25 Claims, 17 Drawing Sheets 

OCAS marker (Schematic) 



US RE41,153 E 
Page 2 

US. PATENT DOCUMENTS 5,351,032 A 9/1994 Latorre et a1. 
5,400,008 A 3/1995 Toohey 

2,095,306 A 10/1937 Austin 5,663,720 A 9/1997 Weissman 
2,212,110 A 8/1940 Beuermann 5,760,686 A 6/199g Toman 
2,214,102 A 9/1940 Cumming 5,774,088 A 6/1998 Kreithen 
3,725,934 A 4/1973 LudloW .................... .. 342/455 5,892,462 A 4/1999 Tran 
3,735,401 A 5/1973 Sakano et a1. ............... .. 342/41 5936552 A 8/1999 wichgers et 31‘ 

3,760,416 A 9/1973 Barriere etal- 6,181,261 B1 1/2001 Miles, Jr. etal. 
4,104,638 A 8/1978 Middleton 6,294,985 B1 9/2001 Simon 
4,298,875 A 11/1981 Sullivan ................... .. 342/455 6,538,581 B2 3/2003 COWie 
4,646,244 A 2/1987 Bateman et a1. ........... .. 701/301 6,708,091 B2 3/2004 Tsao 

4,755,818 A 7/1988 Conrad 6,762,695 B1 7/2004 Eslambolchi et a1. 
4,835,537 A 5/1989 Manion 
5,252,978 A 10/ 1993 Priestley * cited by examiner 



US. Patent Mar. 2, 2010 Sheet 1 or 17 US RE41,153 E 

is: . 28 

E3229 5a.: 260 





US. Patent Mar. 2, 2010 Sheet 3 or 17 US RE41,153 E 

720 
Top tube 

730 Bottom tube Central tube 
Fig. 3 

700 

Field unit 



US. Patent Mar. 2, 2010 Sheet 4 or 17 US RE41,153 E 

66; 9: 

Lo 952m 9: B Eson Em HwmE 6525 m5 v6 E3 629; m5 w>onm wwbmE cm :6: mEEm; < 
Eom c2325 Rout? SEE. $>>on=mEFG>> 



US. Patent Mar. 2, 2010 Sheet 5 or 17 US RE41,153 E 

wco~ mEEm>> 

w: E 95. ms? 5:83 me 3 s “8 

0:: 330m wco~ cosu?oa m2 ecu v > 3:: 3>>o&mcE._m>> 



US. Patent Mar. 2, 2010 Sheet 6 or 17 US RE41,153 E 

mcoN mEEm>> 

2:: mE>= wucouwm Q.‘ 6 E 83 

as h 

._ 2.6m 2.3 5:330 mi 8N A > 3:: 3>>on=mEEm>> 



US. Patent Mar. 2, 2010 Sheet 7 or 17 US RE41,153 E 

/ 

9% 9i: wucooww 
m6 6 E mm? 

AE 000$ 33 c2628 

w: 8~ v > .23 8E 

c2626 ROE? 5 E om. 



US. Patent Mar. 2, 2010 Sheet 8 or 17 US RE41,153 E 

mcow mEEm>> 

2% 2% 
wbcoomm m6 ‘0 E 009. . 

8.696 RUE? s Eom 

wcoN c2628 

w: SN A > .23 8E 





US. Patent Mar. 2, 2010 Sheet 10 or 17 US RE41,153 E 

o 



US. Patent Mar. 2, 2010 Sheet 11 0f 17 US RE41,153 E 

120 



US. Patent Mar. 2, 2010 Sheet 12 0f 17 US RE41,153 E 

m2. 

mwhmiw 

/... E 



US. Patent Mar. 2, 2010 Sheet 13 or 17 US RE41,153 E 

_ 13o 

MEI'BASESHIFI'ER \ 

\E 135 

LNA/PA 
PHASE SHIFTER 

mm 

LNA/PA 
PHASE SHIFI'ER 

140 

?onvolsw?ches styring TX/RX 
P°W°'S“W'Y control Tx/?x 

1 1 1 ‘and phase shifters 
~ RF radar signa! 

RADAR S’STEM 

Fig. 13' 





US. Patent Mar. 2, 2010 Sheet 15 or 17 US RE41,153 E 

1 
Example: _ _ _ _ 

ANTENNA + ANTENNA INTERFACE ( 8 elements arranged In vemcai durecuon) 

' FRY with patches 

I Metal plate with cavities 

. h “*~ FRY Patch ground and feed lines -I- probes 

‘ in ‘\ 114 

115 

. “:1 30/1 35 
i ,/ 

// 

B BOARDS WITH 1:8 SPLITTER 
AND ACTIVE MODULE 

lSKdch 15 

Fig. 15 



US. Patent Mar. 2, 2010 Sheet 16 or 17 US RE41,153 E 

"Radon/w, (Swim?) 4/- ) 

Sag/MW r'aobome, 

jFrame WOHC (Sketch 1) 

V?F — Wcu/nmg antanna 
201 

In +¢r jQLé h 
mioumjzdvg VH + amtavma 
205 

Fig. 16 



US. Patent Mar. 2, 2010 Sheet 17 or 17 US RE41,153 E 

We, Work (Sk?tQh (a) 

_..____110 

Wu 

17/2 '//> _ 
~ COW btgj 

The antenna panels are "threaded" 
Into grooves in the frame work 

Qcujomg (Sketddé) 
(5 -Sub radwms 

Radome is "threaded" on to the same frame as the antenna 
Optionally screwed on or snapped in 

Fig. 17 



US RE41,153 E 
1 

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 speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The invention relates to systems for avoidance of collision 
between an aircraft 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 ?ight and a device 
for warning the operator of the aircraft of a possible collision 
obstacle that is in the vicinity of the aircraft. 

BACKGROUND 

Accidents in which planes or helicopters ?y into power 
lines happen once or twice a year in Norway, and almost 
weekly in the USA. These accidents often result in the loss 
of human life and substantial material damage. The acci 
dents are a clear indication that today’s marking of power 
lines and other aerial obstacles is 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 con 
siderably. 
US. Pat. No. 5,351,032 discloses a short-range radio 

system, wherein the system provides both audio and visual 
warnings to the pilot of an aircraft of an upcoming power 
line. The system comprises a small narrow-band transmitter 
which utilises 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 continu 
ous warning signal to aircraft that approach the deployed 
narrowband transmitter, and a receiver installed on board the 
aircraft capable of receiving the warning signal from the 
narrow-band transmitter will, upon receipt of the warning 
signal, trigger both an audio and a visual alarm to alert the 
pilot of the aircraft to the potential hazard. Thus, the system 
requires that a part thereof, in this case a systemadapted 
receiver, should be located in 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 
receiver of this kind installed will not be able to take advan 
tage of the possible warning that the narrow-band transmitter 
could give. Furthermore, the system does not include any 
means for determining the distance between the aircraft and 
the obstacle, and it will thus be a matter of chance whether 
the receiver in the aircraft picks up the warning signal at a 
short or a long distance, which may result in a warning that 
is too late or in an unnecessary warning to aircraft which are 
at a great distance, but nevertheless within the maximum 
range that is determined by the propagation potential of the 
radio waves, the presence or absence of noise sources and 
the sensitivity of the receiver in question. 

Thus, it is an object of the present invention to provide a 
solution that can give a warning to an operator of an aircraft 
in order to prevent collision between an aircraft and an 
obstacle, which overcomes the drawbacks of the previously 
known solutions. 

SUMMARY 

The present invention 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. 
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2 
Additional advantageous features of the invention are set 

forth in 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 is a structure chart showing the main elements of 
an OCAS system according to the invention; 

FIG. 2 is 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 integral part of 
an OCAS system; 

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

FIG. 5 is a schematic illustration of an example of detec 
tion and warning Zones in 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 is a schematic illustration of an example of detec 
tion and warning Zones in 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 more than 
200 knots; 

FIG. 7 is a schematic illustration of an example of detec 
tion and warning Zones in an example of the utilisation of an 
OCAS system according to the invention to warn of a ?xed 
point for aircraft travelling at a speed of less than 200 knots; 

FIG. 8 is a schematic illustration of an example of detec 
tion and warning Zones in an example of the utilisation of an 
OCAS system according to the invention to warn of a ?xed 
point for aircraft travelling at a speed of more than 200 
knots; 

FIG. 9 indicates in principle two possible types of warn 
ing that can be components of an OCAS system according to 
the invention; 

FIG. 10 is a general outline ofa possible scenario involv 
ing an installation of an OCAS system according to the 
invention on a power line and detection and warning Zones 
for an aircraft travelling towards the system installation; 

FIG. 11 shows an antenna con?guration for a radar in an 
OCAS system according to the invention; 

FIG. 12 is a more detailed schematic diagram of a radar 
antenna architecture as show in FIG. 11. 

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

FIG. 14 is a schematic illustration of examples of antenna 
panel designs for an antenna architecture as shown in FIG. 
11 or FIG. 12 for an OCAS solution according to the inven 

tion; 
FIG. 15 is a schematic illustration of an example of a feed 

network for antenna panel designs for an antenna architec 
ture as shown in FIG. 10, 11 or 12 for an OCAS solution 
according to the invention; 

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

FIG. 17 is a schematic illustration of more details of the 
support frame in an antenna architecture as shown in FIG. 












