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(57) ABSTRACT 

An airport runWay incursion detection and Warning system 
for monitoring ground traffic in the vicinity of a runWay or 
taXiWay of an airport. The system utilizes a microwave radar 
transceiver, commonly referred to as a motion detector, 
connected to a voice annunciator to provide a verbal Warn 

ing of aircraft or ground vehicle runWay incursion. In one 
embodiment, the microwave transceiver is integrated into a 
runWay lamp and includes a transformer to alloW the trans 
ceiver to operate from an existing runWay lamp poWer 
system. 
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RUNWAY INCURSION DETECTION AND 
WARNING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the ?eld of airport ground 
tra?ic control systems and more particularly to a system for 
determining aircraft position on an airport surface and for 
providing Warnings of potential collisions. 

[0002] Unauthorized incursions of aircraft and ground 
vehicles onto runWays and taxiWays can often have cata 
strophic results. The number of aircraft accidents that occur 
on the ground is nearly three times the number of aircraft 
accidents that occur in the air. 

[0003] In poor visual conditions the problem becomes 
even Worse since the ground controller is often reliant on 
non-visual information such as voice communications from 
the cockpit creW, reporting an aircraft’s current position on 
the airport surface, or on display information from a ground 
tra?ic control radar system. Unfortunately, due to their 
prohibitive cost, only some of the largest airports in the 
United States have ground traffic control radar systems to aid 
the controller. The remainder of US. airports depend solely 
on the visual observations of ?ight controllers and on 
position reports from pilots. Of the airports Which have 
ground tra?ic control radar, some of these systems are 
modern systems such as the ASDE-3 systems. HoWever, 
many existing ground tra?ic control radars are over tWenty 
years old, are di?icult to maintain, and may provide inad 
equate information in poor Weather because rain, snoW, and 
fog tend to interfere With the radar signals. Thus, in a large 
number of airports, during poor Weather conditions, the 
?ight controllers are often literally reduced to asking air 
creWs “Where are you?” to locate aircraft on the airport 
surface. Fortunately, for any particular airport there are 
generally only a feW taxiWay/runWay intersections that are 
critical intersections, i.e., those intersections that have a 
history of an excessive number of runWay incursions. 

[0004] What is needed therefore is a reliable yet loW cost 
system that provides a Warning of unauthoriZed runWay 
incursions to the ?ight controllers. Ideally, such a system 
Will provide an audible Warning to ?ight controllers since 
the controllers are typically continually Watching their air 
tra?ic control screens and may not notice a purely visual 
Warning of a runWay incursion. In addition, such a system 
should be free from the poor Weather operational problems 
associated With conventional radar Warning systems. 

SUMMARY OF THE INVENTION 

[0005] The present invention is a simple, loW cost, but 
effective, runWay incursion Warning system for monitoring 
the critical runWay/taxiWay intersections of an airport and 
for communicating data indicative of a possible runWay 
incursion to ?ight controllers or other airport personnel. The 
system uses off-the-shelf microWave radar motion detectors 
for detecting the approach of aircraft, ground vehicles, or 
people. A microWave radar system has important advantages 
over a conventional radar system. Most notably, due to the 
comparatively short Wavelengths of microWaves, such sys 
tems are not as affected by rain, snoW, or fog, as are 
conventional radar systems. 

[0006] In the system of the present invention, microWave 
radar transceivers or motion detectors are located at prede 
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termined installation sites adjacent to selected runWays 
and/or taxiWays of the airport. The motion detectors include 
a transmitter unit and a receiver unit. The detectors operate 
by transmitting microWaves in a cone shaped dispersion 
pattern. When an aircraft or a ground vehicle enters the 
dispersion pattern some of the microWaves are re?ected 
back to the motion detector and are detected by the receiver 
unit. Commonly available motion detectors may be con?g 
ured to detect motion in one direction only, thus the system 
of the present invention may be con?gured to selectively 
detect either incoming or outgoing tra?ic. The detectors may 
also be arranged in pairs to detect the direction of travel of 
an aircraft or vehicle. 

[0007] In the system of the present invention, When the 
detectors detect the approach of an aircraft or ground 
vehicle, a signal is transmitted to an annunciator located in 
the toWer. The annunciator provides a verbal Warning to 
toWer personnel of a potential runWay intrusion. Preferably, 
the annunciator is programable so that different voices Will 
provide Warnings depending upon, for example, Where the 
runWay intrusion is occurring. This feature is highly advan 
tageous, in that by using a different voice to indicate a 
runWay intrusion at each critical area, toWer personnel Will 
be able to immediately recogniZe Where the intrusion has 
occurred Without Waiting to hear the complete Warning. A 
further advantage of the present invention system is that it 
operates at loW poWer and may utiliZe the existing cabling 
normally provided for runWay lights. In one particularly 
preferred embodiment, the motion detector and associated 
hardWare are integrated With a typical runWay lamp. These 
and other features of the invention Will become more 
apparent from the folloWing detailed description of the 
invention, When taken in conjunction With the accompany 
ing exemplary draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic illustration of the system of 
the present invention. 

[0009] FIG. 2 is a schematic illustration of an embodi 
ment of the present invention Where the motion detector and 
associated hardWare are integrated With a runWay light. 

[0010] FIG. 3 is a schematic illustration of a motion 
detector in accordance With the present invention disposed 
adjacent to a runWay. 

[0011] FIG. 4 is a schematic illustration of tWo motion 
detectors in accordance With the present invention disposed 
adjacent to a runWay in such a manner that the direction of 
travel of an aircraft or ground vehicle may be determined. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] An exemplary system embodying the present 
invention shoWn in FIG. 1 comprises a microWave radar 
transceiver 12, Which is commonly referred to as a motion 
detector, a poWer adapter 18, a fuse 20, a timing relay 22, 
and a programable annunciator 24. 

[0013] Referring noW to FIGS. 1 and 3, the microWave 
transceiver 12 includes a transmitter unit 14 and a receiver 
unit 16. In this exemplary embodiment, the transmitter 
broadcasts microWaves 25, in a cone shaped dispersion 
pattern 26, across a taxiWay or runWay 28. When a moving 
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object such as an aircraft 30, or a ground vehicle 32, enters 
the dispersion pattern some of the microwaves are re?ected 
back to the receiver unit Which detects the re?ected micro 
Wave radiation and generates a signal 34 indicative of the 
aircraft or ground vehicle present in the dispersion pattern. 
The microWave transceiver operates using Doppler effect 
principles, Which are knoWn to those skilled in the art. One 
of the features of Doppler effect microWave transceivers of 
the type used in the present invention is that the transceiver 
may selectively detect either incoming or outgoing traffic. 
This feature is particularly important in that often it is 
desirable to detect only those aircraft or ground vehicles that 
are entering a runWay or taxiWay from the Wrong direction. 

[0014] Referring noW to FIG. 3, if aircraft landing on the 
runWay 28, in the direction 36, are directed to exit the 
runWay on a particular “exit” taxiWay 38, generating a 
Warning When any aircraft enters the exit taxiWay is of little 
value in that most of aircraft entering the exit taxiWay are 
aircraft Which have just landed and are leaving the runWay, 
in the correct direction as indicated by arroW 40. HoWever, 
if the microWave transceiver 12B is set to detect only 
incoming traffic, all exiting aircraft are ignored and only 
aircraft or ground vehicles traveling in an incorrect direc 
tion, i.e., toWards the runWay, as indicated by arroW 42, are 
detected. 

[0015] The ability to selectively detect only incoming or 
outgoing traffic is further advantageous in that often airports 
change the direction in Which aircraft takeoff or land on a 
particular runWay. Thus, With continued reference to FIG. 3, 
if the airport directed aircraft to takeoff in a direction 
opposite to that shoWn by arroW 36, taxiWay 38 Would then 
become the runWay “approach” taxiWay and the correct 
direction of travel Would then be toWards the runWay, as 
shoWn by arroW 42. Thus, detecting aircraft traveling 
toWards the runWay noW is of little value, While detecting 
aircraft traveling aWay from the runWay, as depicted by 
arroW 40, is critical. HoWever, this change in critical direc 
tion can be readily accommodated by resetting the micro 
Wave transceiver 12B to detect only outgoing traf?c, i.e., 
only traf?c moving in the direction 40. In the transceivers of 
the exemplary embodiment, this change in sensing direction 
is accomplished by resetting an internal sWitch in the 
transceiver. MicroWave transceivers suitable for use With the 
system of the present invention are knoWn in the art and are 
available from MicroWave Sensors, Inc., of Ann Arbor, 
Michigan, among others. 

[0016] Referring noW to FIG. 4, there is shoWn an 
arrangement of microWave transceivers in Which tWo trans 
ceivers may be used to determine the direction in Which an 
aircraft or vehicle is traveling on a runWay or taxiWay. As 
shoWn in FIG. 4, a transceiver 12C is located on one side of 
the runWay and is set to detect outgoing traf?c. Another 
transceiver 12D is located on the opposite side of the runWay 
and is set to detect incoming traf?c. When set up in this 
manner, airport personal can determine the direction of 
travel of any vehicle on the runWay or taxiWay depending on 
Whether the incoming or outgoing transceiver is triggered. 
The transceivers may also be situated side by side as shoWn 
by transceivers 12C and 12D‘. It is required that one trans 
ceiver be set to detect incoming traffic and that the other be 
set to detect outgoing traffic. 

[0017] Referring again to FIG. 1, the signal 34 generated 
by the microWave transceiver 12, upon detecting an aircraft 
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or vehicle, is transmitted to the annunciator 24. The annun 
ciator upon receiving the signal plays a prerecorded Warn 
ing. In the exemplary embodiment, the annunciator is 
capable of responding to 64 input channels With a unique 
prerecorded voice message for each channel. Therefore, an 
airport may deploy multiple transceiver’s Where each trans 
ceiver is associated With a unique voice and/or Warning 
message. This feature is highly advantageous, in that by 
using a different voice to indicate a runWay intrusion at each 
critical area, toWer personnel Will be able to immediately 
recogniZe Where the intrusion has occurred Without Waiting 
to hear the complete Warning. Those skilled in the art Will 
understand that annunciators With more or less capability 
than that of the exemplary embodiment may be used With the 
present invention Warning system. For example, annuncia 
tors may be tailored to have more or less input channels. In 
small airports, With only a feW critical runWay/taxiWay or 
other intersections, only a feW channels may be needed. 
Annunciators are knoWn in the art. The annunciator used in 
the exemplary embodiment of the present invention Warning 
system may be obtained from RACO Manufacturing and 
Engineering Company of Emeryville, Calif. 

[0018] With continued reference to FIG. 1, in some 
embodiments of the runWay incursion Warning system, it 
may be desirable to include the timing relay 22. Occasion 
ally, situations may occur Where a particular transceiver is 
triggered only momentarily. For example, an animal may 
run across a monitored intersection. The transceiver Will 
transmit a Warning signal only so long as the triggering 
object is Within the transceiver’s dispersion area. In the case 
of an animal running across a monitored intersection, this 
time period may be less than the time required to play the 
recorded Warning message. This may result in an abrupt 
termination of the message or other annunciator error. This 
problem may be readily solved by including a timing relay 
With each transceiver. The timing relay maintains transmis 
sion of the Warning signal for a predetermined period of time 
Whenever the transceiver is triggered. Typically, this period 
Will be long enough to alloW the annunciator to fully play the 
Warning message. In more sophisticated embodiments, the 
timing relay may be replaced With a signal strength meter 
and ?ltering circuitry, in Which the meter discriminates 
betWeen Weak and strong transceiver signals and the ?lter 
only alloWs strong signals indicative of a ground vehicle or 
aircraft to be transmitted to the annunciator. 

[0019] Referring noW to FIG. 2, a particularly preferred 
embodiment of the runWay incursion system 10, Where the 
system is integrated With a typical breakaWay runWay or 
taxiWay lamp 44, is shoWn. Due to the need to control costs 
at small and medium siZed airports, it is desirable that a 
ground traffic control system utiliZe the existing poWer 
delivery infrastructure to the extent practicable. Since run 
Way lamps are spaced at predetermined intervals along the 
runWays of most US. airports, and such lamps are naturally 
located at the critical runWay/taxiWay intersections of a 
particular airport. It is desirable to integrate the Warning 
system of the present invention With such lamps and to 
utiliZe the poWer lines for those lamps to supply poWer to the 
microWave transceivers. 

[0020] In order to integrate the exemplary microWave 
transceiver 12 With the runWay or taxiWay lamp 44, the 
poWer used by the lamp must be converted to a form suitable 
for use by the transceiver. RunWay and taxiWay lamps 
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typically operate from constant current 120 volt AC power 
sources. The microwave transceivers typically require a 
constant voltage 24 volt AC poWer source. Therefore, the 
poWer adapter 18 (FIG. 1) is required to convert the runWay 
or taXiWay lamp poWer to a form suitable for use by the 
microWave transceivers. In the exemplary embodiment, the 
poWer adapter is a step-doWn transformer. It is also desirable 
to include the fuse 20 in the electrical connection to the 
poWer adapter to the protect the Warning system 10 from 
possible voltage surges in the runWay or taXiWay lamp 
poWer system. Those skilled in the art Will understand that 
the present invention runWay incursion system may be 
deployed With its oWn independent poWer netWork 19 (FIG. 
1) and that the system may be readily adapted to operate 
from poWers sources other than runWay or taXiWay lighting 
circuits. In addition, microWave transceivers suitable for use 
in the system of the present invention are available that 
utiliZe either AC or DC poWer and Which utiliZe other 
operating voltages. Therefore, the system of the present 
invention may be adapted to operate from a Wide array of 
eXisting airport poWer sources, Which include, but are not 
limited to runWay and taXiWay lamps. 

[0021] The transceiver 12 may be connected to the struc 
ture of the breakaWay lamp 44 by means of an angle bracket 
48 or by any other suitable means. The step-doWn trans 
former 18, the fuse 20, and the optional timing relay 22, as 
Well as associated Wiring, are conveniently housed in a 
junction boX 46, Which may be any suitable enclosure. The 
junction boX is attached to the runWay or taXiWay lamp by 
means of brackets 50, or any other suitable attachment 
means. In the exemplary embodiment, the transceiver Warn 
ing signal is transmitted to the annunciator 24 via a com 
munications cable such as a telephone cable. HoWever, in 
other embodiments, the Warning signal may be transmitted 
to the annunciator by radio frequency or other means. Such 
techniques are knoWn to those skilled in the art. 

[0022] The present invention provides a loW cost, effec 
tive, runWay incursion detection and Warning system Which 
may be deployed at most US. airports, and at those of many 
other countries. The system may be integrated With a typical 
breakaWay runWay or taXiWay lamp Which alloWs for easy 
installation at critical runWay/taXiWay and other intersec 
tions. The system may use existing runWay or taXiWay light 
poWer systems for a poWer source. Furthermore, unlike long 
Wave-length radar systems, the microWave radar transceiver 
used in the present invention can effectively detect aircraft 
and ground vehicles in inclement Weather such rain, snoW, 
and fog. While only the presently preferred embodiments 
have been described in detail, as Will be apparent to those 
skilled in the art, modi?cations and improvements may be 
made to the system and method disclosed herein Without 
departing from the scope of the invention. Accordingly, it is 
not intended that the invention be limited eXcept by the 
appended claims. 

What is claimed is: 
1. An airport runWay incursion detection and Warning 

system for monitoring ground traf?c in the vicinity of a 
runWay of an airport, the system comprising: 

a plurality of microWave radar transceivers, the transceiv 
ers being capable of selectively detecting incoming or 
outgoing traf?c, Wherein each transceiver transmits a 
signal upon detecting the incoming or outgoing traf?c; 
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an annunciator, Wherein the annunciator plays a prere 
corded voice Warning message in response to the 
signals transmitted by the microWave radar transceiv 
ers. 

2. The runWay incursion detection and Warning system of 
claim 1, Wherein the annunciator plays a voice Warning 
message Which is unique to each particular transceiver. 

3. The runWay incursion detection and Warning system of 
claim 1, Wherein each transceiver includes a poWer adapter 
to alloW the transceiver to be connected to eXisting runWay 
or taXiWay poWer sources. 

4. The runWay incursion detection and Warning system of 
claim 3, Wherein the poWer adapter is a step-doWn trans 
former. 

5. The runWay incursion detection and Warning system of 
claim 1, Wherein each transceiver includes a time delay 
relay, Wherein once a particular transceiver is triggered, the 
relay maintains the particular transceiver’s signal for a 
predetermined period of time. 

6. The runWay incursion detection and Warning system of 
claim 1, Wherein each transceiver includes ?ltering circuitry 
such that only strong transceiver signals indicative of an 
aircraft or ground vehicle are transmitted to the annunciator. 

7. An airport runWay incursion detection and Warning 
system for monitoring ground traf?c in the vicinity of a 
runWay of an airport, the system comprising: 

a microWave radar transceiver, the transceiver being 
capable of selectively detecting incoming or outgoing 
traffic, Wherein the transceiver transmits a signal upon 
detecting the incoming or outgoing traf?c; 

an annunciator, Wherein the annunciator plays a prere 
corded voice Warning in response to the signal trans 
mitted by the microWave radar transceiver. 

8. The runWay incursion detection and Warning system of 
claim 7, Wherein the system includes a poWer adapter to 
alloW the system to be connected to eXisting runWay poWer 
sources. 

9. The runWay incursion detection and Warning system of 
claim 8, Wherein the poWer adapter is a step-doWn trans 
former. 

10. The runWay incursion detection and Warning system 
of claim 8, Wherein the poWer adapter is connected to a 
poWer source independent of the runWay or taXiWay lights. 

11. The runWay incursion detection and Warning system 
of claim 7, Wherein the transceiver includes a time delay 
relay, Wherein once the transceiver is triggered, the relay 
maintains the transceiver’s signal for a predetermined period 
of time. 

12. The runWay incursion detection and Warning system 
of claim 7, Wherein the system includes ?ltering circuitry 
such that only strong transceiver signals indicative of an 
aircraft or ground vehicle are transmitted to the annunciator. 

13. An airport runWay incursion detection and Warning 
system for monitoring ground traf?c in the vicinity of a 
runWay of an airport, the system comprising: 

a plurality of microWave radar transceivers, the transceiv 
ers being capable of selectively detecting incoming or 
outgoing traffic, and of transmitting a signal upon 
detecting the incoming or outgoing traffic, Wherein 
each transceiver is integrated With a runWay or taXiWay 
lamp; 
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an annunciator, wherein the annunciator plays a prere 
corded voice warning message in response to the 
signals transmitted by the microwave radar transceiv 
ers. 

14. The runway incursion detection and warning system 
of claim 13, wherein the runway lamp is a breakaway lamp. 

15. The runway incursion detection and warning system 
of claim 13, wherein the annunciator plays a voice warning 
message which is unique to each particular transceiver. 

16. The runway incursion detection and warning system 
of claim 13, wherein each transceiver includes a power 
adapter to allow the transceiver to be run from the same 
power source as used by the runway or taXiway lamp, and 
wherein the power adapter is integrated with the lamp. 

17. The runway incursion detection and warning system 
of claim 16, wherein the power adapter is a step-down 
transformer. 

18. The runway incursion detection and warning system 
of claim 16, wherein the power adapter is connected to a 
power source independent of the runway or taXiway lights. 

19. The runway incursion detection and warning system 
of claim 13, wherein each transceiver includes a time delay 
relay, wherein once a particular transceiver is triggered, the 
relay maintains the particular transceiver’s signal for a 
predetermined period of time, and wherein the time delay 
relay is integrated with the lamp. 

20. The runway incursion detection and warning system 
of claim 13, wherein each transceiver includes ?ltering 
circuitry such that only strong transceiver signals indicative 
of an aircraft or ground vehicle are transmitted to the 

annunciator, and wherein the ?ltering circuitry is integrated 
with the lamp. 
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21. An airport runway incursion detection and warning 
system for monitoring ground traf?c in the vicinity of a 
runway of an airport, the system comprising: 

a plurality of microwave radar transceivers, the transceiv 
ers being capable of selectively detecting incoming or 
outgoing traffic, and of transmitting a signal upon 
detecting the incoming or outgoing traf?c; 

each transceiver being integrated with a breakaway or 
runway or taXiway lamp, and each transceiver includ 
ing a step-down transformer, wherein the transformer 
allows the transceiver to operate from the same power 
source as the lamp; 

each transceiver further including a time delay relay, 
wherein once the transceiver is triggered, the relay 
maintains the transceiver’s signal for a predetermined 
period of time; and 

an annunciator, the annunciator being adapted to play a 
prerecorded voice warning message in response to the 
signals transmitted by the microwave radar transceiv 
ers, wherein the annunciator plays a voice warning 
message is unique to each particular transceiver. 

22. The runway incursion detection and warning system 
of claim 19, wherein each transceiver includes ?ltering 
circuitry such that only strong transceiver signals indicative 
of an aircraft or ground vehicle are transmitted to the 
annunciator. 


