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[57] ABSTRACT

A collision avoidance system for aircraft in which one
aircraft is equipped with an interrogation station having
a secondary surveillance radar. [Coarse} A distance
measurement 1s effected either by passive or active
distance measurement or by both of them. If the de-
tected distance lies within a certain limit, the output
power and/or period of the interrogation signal of the
secondary surveillance radar of the subject aircraft is
altered [so as to effect fine distance measurement].
This system can be applied without increasing interfer-
ence against the existing secondary surveillance radar
system by keeping the output power and period of inter-
rogation signal in a minimum required extent. By the
same reason the system can keep the interference at a
small extent between proximate aircraft, each mounting
this collision avoidance system.

11 Claims, 4 Drawing Figures
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COLLISION AVOIDANCE SYSTEM FOR
AIRCRAFT

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.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a distance measure-
ment system for collision avoidance of aircraft. The
system is to prevent aircraft collision by suitably pro-
viding, for instance, a threat signal depending on a re-
sult of measurement of mutual distance between proxi-
mate or approaching aircraft in flight should danger of
collision occur.

(2) Description of the Prnior Art

According to recent development of air traffic, the
danger of collision between aircraft has been increased
very much because more and more large numbers of
various aircraft take the air of same area and same alti-
tude within the same time zone. Therefore it is a very
important to establish and maintain safe navigation of
aircraft. There are provided ground radar units mainly
for the air traffic control purposes. But it would cost an
enormous amount to establish a safe navigation control
system using only such ground radar. In addition a
number of technical difficulties must, yet be solved in
realizing such a system. Furthermore, such a control
system is not effective outside the range of the ground
radar.

The conventional distance measurement system in-
cluding that using a secondary surveillance radar of a
subject aircraft may be classified into two major sys-
tems, i.e., a passive system and an active system.

A passive distance measurement system is a system
based on a principle of measurement of incoming infor-
mation only. In this system, a radar beam from a ground
station functioning as a secondary surveillance radar
and air traffic control (ATC) transponder outputs of the
subject aircraft and of other nearly, i.e. threatening
aircraft delivered in response to the ground secondary
surveillance radar are utilized for identifying the dis-
tance between the two aircraft.

In more detail this sytem is mainly based on the mea-
surement of a time difference between an ATC tran-
sponder output of the subject aircraft delivered in re-
sponse to a ground secondary surveillance radar beam
of a ground station and an ATC transponder output of
the other nearby aircraft delivered in response to the
same ground radar beam.

The passive system is further based on the following
facts.

(1) The locus of the points at which the above time
difference becomes constant takes the form of ellip-
soid having the subject transponder antenna and
the ground antenna as the focuses.

(2) ATC transponders of the subject and the other
aircraft can only receive the ground radar beam
when the two aircraft are covered by an effective
radiation pattern from the ground radar beam.

(3) The transmitting wave strength of an ATC tran-
sponder is a certain value decided by regulation s0
that the reception wave strength of the ATC tran-
sponder output of other aircraft can be used to
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represent a function of distance between the two
aircraft.

This passive distance measurement system has certain
disadvantages.

In the system of deducing the distance by obtaining
the above time difference, there will be no time differ-
ence when the second aircraft is located on a line con-
necting the subject aircraft and the ground antenna or
comes very close to said line. In this case the time differ-
ence becomes same as the time required for the response
to the transmission of the ATC transponder from the
second aircraft irrespective of the distance between the
second aircraft to the subject aircraft.

To assume the distance between aircraft, by the level
of received wave strength set forth above (3) also has a
certain danger. Because the electric field strength of the
ATC transponder of the second aircraft may not have a
constant value and it may vary depending on the course
and attitude of flight of the second aircraft mainly by a
reason of non-uniformity of the transmission pattern of
the antenna of the ATC transponder.

An active distance measurement system Overcomes
most of the abovementioned disadvantages of the pas-
sive system. In an active distance measurement system,
the ground station and its transmission radar beam pat-
tern are not utilized, but the collision avoidance system
on the subject aircraft is given the facility of transmit-
ting an interrogation signal acting as a kind of second-
ary surveillance radar. By measuring the time difference
between the transmission of the interrogation signal and
reception of a response signal delivered from the ATC
transponder of the second aircraft responding thereto
by the collision avoidance system of the subject aircraft,
the distance between the two aircraft can be obtained.
This active distance measurement system affords a sub-
stantially high accuracy in the distance measurement
compared with the passive distance measurement sys-
tem.

It is preferred to arrange the transmission of the sec-
ondary surveillance radar, in the active distance mea-
surement system equipped on an aircraft, duning an
interval of scanning of the ground radar beam, which
has a very sharp directivity. By the above arrangement,
the influence of the transmitted signals of the subject
and other aircraft to the ground station can be mini-
mized. The applicants had disclosed abovementioned
arrangement in Japanese Patent Application Publica-
tion No. 29,358/73. There is also a possibility that both
the subject and the threatening aircraft are navigating in
a zone where no ground radar exists. In such a case, the
secondary surveillance radar on the aircraft may be
arranged to transmit the interrogation signal at a certain
time interval irrespective of the existence of other ap-
proaching aircraft.

In the active distance measurement system, Since a
highly accurate distance measurement is possible, the
system may be modified to have a function of measuring
the variation of the abovementioned time difference. In
this case mutual speed of the two aircrafts can be ob-
tained without much difficulty and this would contrib-
ute in avoiding collision.

Thus the active distance measurement is a much im-
proved system compared with the passive distance mea-
surement system, however, this system has still disad-
vantages substantially mentioned below.

(1) Fruit noise of an overall radar system may be

increased by the interrogation of the secondary
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surveillance radar which is mounted on the aircraft
and by the response signal thereto.

(2) During the interrogation and response between
the subject aircraft and the other or threatening
aircraft aircraft, the ATC transponder on the sec-
ond aircraft becomes insensitive for the further
interrogation and therefore the function of the
secondary surveillance radar is spoiled.

In order to avoid aforementioned disadvantages of
the active distance measurement system either of
the following two steps must be taken,

(a) decrease the number of interrogation signals from
the subject aircraft.

(b) suppress radiation power of the interrogation
signal.

SUMMARY OF THE INVENTION

The present invention has its primary object the pro-
vision of a system mitigating the aformentioned disad-
vantages of both the passive and the active systems.

Another object of the invention is to establish a dis-
tance measurement system for collision avoidance of
the aircrafts by supplying, for instance, an alarm-or
threat signal, without applying any particular require-
ment such as, for instance, mounting additional equip-
ment on the threatening aircraft but just using the sec-
ondary surveillance radar function already 1n use on an
aircraft and the ATC transponder with which aircraft
are usually equipped.

The present invention is a system in which both fea-
tures of the passive and the active distance measurement
systems are combined. In accordance with the system of
the present invention the aforementioned disadvantages
of the existing two systems are avoided by automati-
cally altering either the interrogation period or the
transmitting power of the interrogation wave of the
subject aircraft depending on an identified distance
between it and the threatening aircraft obtained by
either of the passive or active system or a combination
thereof.

The present invention utilizes the existing ATC tran-
sponder for collision avoidance, however, the system of
the invention is so arranged as not to give any interfer-
ence to the existing ground secondary surveillance
radar systems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram for explaining the
principle of the passive and active distance measure-
ment systems using a secondary surveillance radar sys-
tem,

FIG. 2 is a diagram for explaining the principle of the
passive distance measurement system,

FIG. 3 is a block diagram of an inventive apparatus
equipped on the subject aircraft for collision avoidance,
and

FIG. 4 is a more detailed block diagram of the appa-
ratus shown in FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In order to first give a clear understanding of the
present invention, existing passive and active distance
measurement systems will be explained by referring to
the drawings.

In FIG. 1, a ground interrogation station 1 having the
function of a secondary radar system for air traffic con-
trol purposes is coupled to an antenna 2 for radiating an
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interrogation radar beam. The radar beam 1s transmitted
with a sufficient directional characteristic and s ar-
ranged to scan a certain given area.

By the transmission of the radar beam from the direc-
tional antenna 2, a zone 3 is defined at a certain instance
having its wave intensity exceeding a certain level, for
instance, higher than a respondable level of the ATC
transponder.

The transmitted radar beam from the antenna 2 1s
received by an ATC transponder 5 mounted on the
subject aircraft through an antenna 4. The ATC tran-
sponder § transmits a response signal after a certain
short time delay from the reception of the interrogation
signal. The response signal is transmitted through the
antenna 4.

In this case the aircraft is also provided with a colli-
sion avoidance system 6. In FIG. 1, it is assumed that
there is another aircraft in the neighborhood of the first
or subject aircraft and this second aircraft 1s also pro-
vided with an ATC transponder 8 and its antenna 7.

The interrogation radar beam having the directional
characteristic shown by 3 is also received by the ATC
transponder 8 of the second aircraft which delivers a
response signal after a certain time through the antenna
7. The antenna 7 has generally a non-directional charac-
teristic so that the response signal is received by the
collision avoidance system 6 through its own antenna 11
to which system 6 the response signal delivered by the
first ATC transponder 5 is also supphed.

The locus of a point at which the time difference
identified by the system 6 between the one response
signal delivered from the first ATC transponder 3 and
other response signal delivered from the other ATC
transponder 8 becomes constant is given by an ellipsoid
9 as shown in FIG. 2 having two focuses one being that
of the first antenna 4 and the other being that of the
ground antenna 2. By using the time difference an ap-
proximate distance between the two aircrafts can be
obtained. In this case it is assumed that the antenna 4
and the system 6 are located in very close proximity.

The instance wherein both the ATC transponders 3
and 8 can receive the same ground interrogation wave
is when the two aircraft are located in the same radia-
tion pattern 3 of the ground radar beam.

By measuring the field intensity of the response signal
of the ATC transponder 8, which must deliver a certain
constant level, an approximate distance between the
two aircraft can be deducted.

Namely in the passive distance measurement system,
either the time difference between the first ATC tran-
sponder response signal and the second ATC transpon-
der response signal or the field intensity of the received
second ATC transponder response signal is used to
identify the distance between the two aircraft.

In an active distance measurement system, the
ground station 1, the antenna 2 and the radiation pattern
3 are not used but the collision avoidance system 6 on
the subject aircraft is given a function of transmitting
interrogation signal of the secondary surveillance radar
system. The time difference between the transmission
and the reception of the response signal from the ATC
transponder 8 on the second aircraft is used for measur-
ing the mutual distance of the two aircraft.

A basic principle of the system of the present inven-
tion will now be explained by taking up some possible
embodiments.
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EMBODIMENT 1

In one embodiment of the present invention, an inter-
rogation wave of 30 Watt peak to peak (P—P) output
level is transmitted from the collision avoidance system
6 mounted on the first aircraft. This interrogation signal
will provide an electric field strength that any ATC
transponder of an aircraft located within 5 NM (nautical
mile) can respond thereto.

The interrogation period is adjusted to be 3 seconds
interrogation. The abovementioned output power and
the period are the minimum requirement for avoiding
collision for aircraft having speed less than 1 Mach in
view of probability. By selecting the above values, the
increase in disturbance ratio to the existing secondary
radar system by fruit noise or the like is less than 2%.
Furthermore, the increase of the insensitivity ratio of
the existing ATC transponder can be kept less than
4.5%. Therefore, it can be said that the system of the
present invention does not affect either the function of
the existing secondary radar system or that of the ATC
transponder. ”

By using passive distance measurement, if the colli-
sion avoidance system 6 detects the second aircraft
within a range of 10 NM as for instance by the reception
of a response signal from the second aircraft exceeding
—60 dBm, the system 6 automatically increases the
transmitting output of the interrogation signal to a level
of 300 watts and thus expands the surveillance range to
10 NM. Also the interrogation period is lengthened to
12 seconds. o

The abovementioned output power and the period
are the sufficient values to avoid collision of aircraft
having speed less than 1 Mach in view of probability.
Furthermore, the extent of the influence to the existing
secondary surveillance radar and to the existing ATC
transponder is very minor and is the same degree as
mentioned above.

The increase of the output power of the interrogation
signal and the elongation of the interrogation period are
continued until the distance between the aircrafts
reaches 13 NM by passive of active distance measure-
ment or combination thereof. At this distance of 13 NM
there is no substantial danger of collision.

For the period when the distance obtained by active
measurement is 5.5 NM to 3.5 NM, the interrogation
period is automatically altered from 12 seconds to 3
seconds linearly and consecutively. By using active
distance measurement by its one interrogation, the next
interrogation period is thus decided automatically. The
system 6 is so modified to include such function. During
this period the passive distance measurement is contin-
ued to establish the backing up of the active distance
measurement.

At a range of less than 4.5 NM by active distance
measurement, the output power of the interrogation
wave is decreased to 30 Watt. This output power is
returned to 300 Watt, when the distance becomes over
S NM and the period is lengthened to 12 seconds.

According to the abovementioned embodiment 1, the
first aircraft is protected by active measurement by its
secondary surveillance radar having output of 30 Watt
and interrogation period of 3 seconds. In the present
system, the active distance measurement is automati-
cally adjusted in its interrogation frequency and power
output by using passive distance measurement in con-
junction with the ground surveillance radar and the
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occurrence of fruit noise and the system disturbance are
suppressed to very minor level.

It is evident that the embodiment 1 i1s altered to
change either one of the output power or the interroga-
tion period which still has a good collision avoidance
facility. It may be imagined easily that the alteration of
output power and the period can be effected by either
one of the passive or active distance measurement.

Altitude Information

Altitude information is included in a response signal
of an ATC transponder for responding to a particular
kind of interrogation signal so that it 1s easy to detect an
altitude difference between aircrafts by using passive or
active distance measurement.

Accordingly, it is possible to derive the altitude dif-
ference signal by arranging the interrogation signal of
the secondary radar equipment on the first aircraft to
contain such particular requirement. Furthermore, by

20 arranging the behavior of alteration of the transmission
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power and the period by referring also the detected
altitude difference, it is possible further to suppress the
aforementioned disturbance effect against existing sec-
ondary surveillance radar system, accompanied with
the introduction of this system, without decreasing the
collision avoidance effect.

The required devices or circuits to be added to the
system 6 for realizing this function are minor ones.

Approaching Speed

Particularly in the active distance measurement sys-
tem, the approaching speed between first aircraft and
other aircraft can be obtained with substantial accuracy
by effecting the distance measurement consecutively.

It is obvious that approximate approaching speed can
be obtained by the passive distance measurement.

The system disturbance can be effectively decreased
further, by introducing controls for the interrogation
output power and the interrogation period by using the
information of the approaching speed in addition to the
distance and altitude information.

EMBODIMENT 2

The distance deduction by using the passive and/or
active distance measurement requires a complicated
calculation process. A calculation to obtain three di-
mensional approaching speed including the altitude
factor becomes more complicated. If the apparatus 1s to
have added a function to control transmission output
power and period of the interrogation signal level and
of indicating alarm to a suitable value, then the appara-
tus must be a bulky one for instance to include a micro-
Processor.

FIG. 3 shows a block diagram of one embodiment of
the collision avoidance system to be mounted on an
aircraft. In this embodiment, an antenna ANT 1s com-
monly used by an ATC transponder T corresponding to
the ATC transponder § of FIG. 1 and the other portions
of the diagram which correspond to the collision avoid-
ance system 6 shown in FIG. 1.

The signal received by the antenna ANT is fed
through a switcher SW and a divider DIV both to the
ATC transponder T and to a passive sensor PS. The
ATC transponder T responds to the incoming signal
and transmits a response signal through the same route
in reverse direction. The output of the ATC transpon-
der T and the output of the passive sensor PS are sup-
plied to a central processor unit CPU. The central pro-
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cessor unit CPU has further connection to an interroga-
tion transmitter TX, a response receiver RX and to the
switcher SW. The result of passive distance measure-
ment, active distance measurement, altitude informa-
tion, approaching speed information and other informa-
tion are processed under certain mutual relationships by
the central processor unit CPU. According to the result
of the above process the output power and period of the
interrogation signal, kind of threat signals and others
are decided displayed and used as further instructions.
The device designated by SC is a directional coupler
such as a circulator.

The program to be stored in the central processor
unit CPU should be one to effectively decrease the fruit
noise and system disturbance at a possible minimum
extent under consideration of any encountering condi-
tions. Generally a most suitable program is decided by
effecting a simulation test.

EMBODIMENT 3

FIG. 4 shows a block diagram of another embodi-
ment of the system according to the present inventign to
be mounted on the aircraft.

An interrogation signal sent from a ground station
acting as a secondary surveillance radar, such as shown
in FIG. 1 by the station 1, 1s received by an antenna
ANT1 corresponding to antenna 4 of FIG. 1. The re-
ceived signal is fed through an ATC transponder T1 to
a time comparator TC. On the other hand, a response
signal sent from an ATC transponder of the second
aircraft corresponding to the transponder 8 of FIG. 1
and received by an antenna ANT2, which corresponds
to the antenna 11 of FIG. 1, is fed to the time compara-
tor TC through a receiver RX1 and a decoder DE. The
time difference between the former and the latter sig-
nals can be derived by the time comparator or time
counter TC. If this time difference is less than 120 uS
for instance, a signal is sent from the time comparator
TC to a timing control TCL. One output of the timing
control TCL is fed to a transmitter TX1 through a
coder C, and another output of the timing control TCL
is fed to the same transmitter TX1 through a power
control PC. Under control of the TCL the transmitter
TX1 transmits an interrogation signal of for instance 12
second period and of 300 W output power through the
antenna ANT2.

It the time difference between the two signals ob-
tained by the time comparator TC exceeds 120 uS, then
the interrogation signal is changed to have 3 second
period and 30 W output power.

The response signal of the ATC transponder of the
second aircraft corresponding to the transponder 8 of
FIG. 1 received by the antenna ANT2 and the receiver
RX1 and decoded by the decoder DE is on the one
hand supplied to a level comparator LC. If the response
signal is over —60 dBm, a signal is sent from the level
comparator L.C to the timing control TC and an interro-
gation signal same as before and for instance having 12
second period and 300 W output is transmitted through
the antenna ANTZ2.

If the response signal level is less than —60 dBm, the
interrogation signal is changed to have 3 second period
and 30 W output power. An output of the ATC tran-
sponder T1 is further supplied to an interrogation
counter IC and counted the number of the interrogation
signals. If the number of interrogation signals is less
than 100 during a period of 12 second for instance, a
signal is derived from the interrogation counter IC to
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the timing control TC and an interrogation signal hav-
ing 12 second period and 300 W output power is trans-
mitted through the antenna ANT2 same as mentioned
before.

Also in this case if the number of signals is more than
100 during 12 second period, the interrogation signal 1s
changed to have 3 second period and 30 W output
power.

The response signal of the ATC transponder of the
second aircraft responding to the interrogation signal
sent from the antenna ANT2, is received by a receiver
RX1 and sent to a decoder DE and decoded therein.

An output signal of the decoder DE is supplied to a
range register RR and the mutual distance from the
other aircraft is obtained therein.

In this case if the obtained mutual distance is less than
5 NM for instance, the interrogation signal transmitted
from the antenna ANT2 is changed to have 3 second
period and 30 W output power. This 1s controlled by an
output signal delivered from the range register RR to
the timing control TC which controls power control
PC and the coder C and eventually transmitter TX1.

Another output signal from the range register RR 1s
sent to a range tracker TR and the relative speed be-
tween the aircraft is obtained thereat. Output signal of
the range tracker RT is sent to a threat evaluator TE.
The danger of collision with other aircraft is evaluated
by the threat evaluator TE and instruction 1s given to an
indicator IN if a danger of collision is evaluated.

A further output signal of the decoder DE 1s fed to an
altitude register AR. By using the decoded signal and an
output signal from an altitude digitizer AD representing
altitude of the own aircraft, the relative altitude be-
tween other aircraft can be obtained.

By using the abovementioned relative altitude 1nfor-
mation, if the relative altitude is less than + 3,400 ft for
instance, the variation rate of the relative altitude 1S
obtained by using the altitude tracker AT. By using the
output signal thereof, the threat evaluator TE evaluates
the danger of collision between other aircraft and sends
an instruction signal to an indicator IN to send an alarm
or a threat signal if a-signal is supplied already by the
range tracker RT.

If the relative altitude is more than +3,400 ft for
instance, the threat evaluator TE does not send an out-
put even though the range tracker RT sent an output
signal to the threat evaluator TE. It 15 also possible that
this altitude difference information is supplied to the
range tracker RT as shown by dotted line so that the
interrogation output power and period are not changed
even when the detected distance is small.

The system of the present invention will give a sub-
stantially improved effect for collision avoidance and its
influence for the existing secondary radar system can be
kept at a very minor extent.

This system has also an advantage that the interfer-
ence between the collision avoidance systems mounted
on several aircrafts can be kept at a small extent by the
same reason set forth above.

Accordingly, the invention may contribute for the
safe navigation for the more and more increasing air
traffic.

What is claimed 1s:

[1. A collision avoidance system for aircraft each
equipped with an ATC transponder comprising;

an interrogation station mounted on on¢ aircraft,

having secondary surveillance radar function emit-
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ting an interrogation signal to be responded to by
the ATC transponder of a second aircraft.

coarse detection means on said one aircraft for detect-

ing the existence of the second aircraft in proximity
to said one aircraft, and

output control means for altering at least one of out-

put power and transmission period of the interroga-
tion signal so as to effect fine detection of said
second aircraft when said coarse detection means
delivers a signal representing mmformation concern-
ing said second aircraft which exceeds a certain
value. ]

[2. The collision avoidance system for aircraft as
claimed in claim 1, wherein said coarse detection means
deduces the distance between the aircraft by detecting
the time difference between reception of a second inter-
rogation signal sent from a ground secondary surveil-
lance radar at said one aircraft and a response signal sent
from the ATC transponder mounted on said second
aircraft in response to said second interrogation signal. }

3. The collision avoidance system for aircraft as
claimed in claim 1, wherein said coarse detection.means
deduces distance between the aircraft by detecting the
time difference between transmission of an interroga-
tion signal sent from the interrogation station mounted
on said one aircraft and a response signal sent from the
ATC transponder mounted on said second aircraft in
response to said interrogation signal. ]

[4. The collision avoidance system for aircraft as
claimed in claim 1, wherein said coarse detection means
deduces the distance between the aircraft by detecting
the receiving level of a response signal sent from the
ATC transponder mounted on said second aircraft re-
sponding to an interrogation signal sent from a ground
interrogation station. }

[5. The collision avoidance system for aircraft as
claimed in claim 1, wherein said coarse detection means
deduces the altitude difference information between the
aircraft by detecting altitude information included in
the response signal delivered from the ATC transpon-
der of the second aircraft.}

6. The collision avoidance system for aircraft as
claimed in claim 1, wherein said coarse detection means
deduces the variation of altitude difference between the
aircraft by consecutively deducing altitude difference
information. }

7. The collision avoidance system for aircraft as
claimed in claim 1, wherein the output control means
for altering at least one of output power and transmis-
sion period of the interrogation signal sent from the
interrogation station functions in response to detected
variation of time difference between transmission of the
interrogation signal and reception of the response sig-
nal. J

[8. The collision avoidance system for aircraft as
claimed in claim 1, wherein the output control means
functions in response to detection of the repetition fre-
quency of the response signals, i.e. number of responses
during a certain duration, sent from the ATC transpon-
der on the second aircraft.]

9. The collision avoidance system for aircraft as
claimed in claim 1, wherein said output control means
functions in response to detection of repetition fre-
quency of interrogation signals sent from ground sec-
ondary surveillance radar, i.e. number of second inter-
rogation signals during a certain duration.}

[ 10. Collision avoidance system as claimed in claim
S, wherein the response signal of the other aircraft is
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sent in response to an interrogation signal sent from the
interrogation station mounted on said one aircraft. ]

[ 11. Collision avoidance system as claimed in claim

6, wherein the response signal of the other aircraft 1s
sent in response to an interrogation signal sent from the
interrogation station mounted on said one aircraft. }

12. A collision avoidance system for aircraft which are

each equipped with an ATC transponder comprising:

an interrogation station located on a first aircraft and
having a secondary surveillance radar function, said
interrogation station emitting an Interrogation signal
which is to be responded to by an ATC transponder of
a second aircraft;

a detection means located on said first aircraft for de-
tecting the existence of said second aircraft in proxim-
ity to said first aircraft,

an output control means operatively connected to said
detection means for altering at least one of an output
power and a transmission period of said interrogation
signal emitted by said interrogation station when said
detection means detects information concerning said
second aircraft which exceeds a predetermined value.

13. A collision avoidance system as recited in claim 12,

wherein said detection means deduces distance between
said first and second aircraft by detecting a time difference
between reception of a second interrogation signal by said

first aircraft which has been sent from a ground secondary

surveillance radar and a response signal sent from said
ATC transponder located on said second aircraft, said
response signal being generated in response to said second
interrogation signal

14. A collision avoidance system as recited in claim 12,
wherein said detection means deduces distance between
said first and second aircraft by detecting a time difference
between transmission of said interrogation signal sent from
said interrogation station located on said first aircraft and
a response signal sent from said ATC transponder located
on said second aircraft, said response signal being gener-
ated in response to said interrogation signal.

15. A collision avoidance system as recited in claim 12,
wherein said detection means deduces distance between
said first and second aircraft by detecting a received level of
a response signal generated by said ATC transponder lo-
cated on said second aircraft when said response signal is
responding to an interrogation signal sent from a ground
interrogation station.

16. A collision avoidance system as recited in claim 12,
wherein said detection means deduces altitude difference
information between said first and second aircraft by de-
tecting altitude information included in a response signal
generated by said ATC transponder of said second aircrafft.

17. A collision avoidance system as recited in claim 12,
wherein said detection means deduces variations of altitude
difference between said first and second aircraft by consec-
utively deducing altitude difference information.

18. A collision avoidance system as recited in claim 12,
wherein said output control means functions in response o
a detected variation of time difference between transmis-
sion of said interrogation signal and a reception of said
response signal.

19. A collision avoidance system as recited in claim 12,
wherein said output control means functions in response (o
a detection of the number of response signals during a
predetermined time period generated by said ATC tran-
sponder located on said second aircraft.

20. A collision avoidance system as recited in claim 12,
wherein said output control means functions in response 1o
a detection of the number of interrogation signals during a
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predetermined time period generated by a ground second-

ary surveillance radar.

21. A collision avoidance system as

wherein said response signal of said second aircraft is gen-
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erated in response to said interrogation signal generated by
said interrogation station located on said first aircraft.

22. A collision avoidance system as recited in claim 17,
wherein said response signal of said second aircraft ts gen-

recited in claim 16, 3 erated in response to said interrogation signal generated by

said interrogation station located on said first aircraflt.
e : ¥ * i
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