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(54) AUTOMATIC COLLISION WARNING SYSTEM

(71) I, LAWRENCE FORSYTH
ANDERSON, a citizen of the United States
of America of, 344 Westline Drive, No. C121
Alemeda, California 94501, United States of
America, do hereby declare the invention for
which I pray that a patent may be granted to
me, and the method by which it is to be per-
formed, to be particularly described in and
by the following statement:—

This invention relates to an automatic col-
lision warning system for use with a radar
system.

Conventional radar systems are commonly
provided upon ships, for example, for identi-
fying the presence of relatively moving objects
with which the ship might collide. The con-
ventional radar system incorporates an oscil-
loscope or scope generally in the form of a
position plan indicator (PPI) upon which a
Iuminous radial line sweeps over the area
scamned by the radar and produces a bright
spot on the screen at the location of any object
which reflects the electromagnetic emanations
from the set. Although this information is
normally displayed on the scope of a radar set,
the operator of a ship, for example, is under
no obligation to take any action because of
the identification of objects thereby, even
though the information as to their presence
and relative location is visually displayed.
Further to conventional radar systems there
have been developed a number of highly com-
plex radar tracking systems; however, the
complexity and cost of such systems. normally
precludes their use as an assistance to the
operator of a ship, airplane, or the like.

There has been developed an automatic
collision warning system, as shown in the
Specification of United States Patent No.
3,660,846, which operates with a conventional
radar system automatically to actuate an
alarm system upon the location by the radar
system of an object within a predetermined
area. This then requires the operator of a ship
or the like carrying the collision warning sys-
tem to make some decision with regard to the
located object. If, for example, the object is
of no danger to the navigation of the ship, for
example, the operator may merely deactivate
the alarm; however, if the object is on a col-

(11)

lision course, the operator would take some
evasive action. This then forces upon the
operator of a ship or the like the necessity of
making a decision and taking some action with
regard to any radar-detected object within
some predetermined distance from the ship or
the like carrying the system.

The present invention comprises an im-
provement upon the system of the above-
noted United States Patent No. 3,660,846.

The system of the present invention pro-
vides automatic collision warning with, in the
preferred form, numerous and substantial re-
finements and added capabilities over the sys-
tem of the above-noted patent.

According to the present invention there is
provided an automatic collision warning sys-
tem adapted for use with a radar system
generating echo signals containing information
relative to bearing and range of targets re-
flecting radar pulses and having a scope for
display of targets thereon, the warning system
comprising a range gate connected to said
radar system and having a maximum and a
minimum range within which echo signals of
said radar system are passed, means applying
signals representative of said maximum and
minimum ranges of the range gate to the radar
system for display as visible range rings on
the radar scope, and an alarm system con-
nected to receive signals passed by the range
gate and operated thereby automatically to
produce an alarm indication upon actuation
by received signals. While the invention is
illustrated in connection with a ship collision
warning system, it is equally applicable to
other applications including fixed hazards to
navigation such as offshore drilling platform
or for inclusion in ground based air traffic
control radar and early warning radar systems.
The present system cooperates with a con-
ventional radar set wherein electromagnetic
radiation is directionally propagated from a
scanning antenna which also receives such
radiation as is reflected from objects in the
path thereof and the range and bearing of
such objects is normally displayed on a scope
such as a Plan Position Indicator (PPI). The
present system in its preferred form operates
upon signals from a conventional radar set
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adjustably to establish a warning zone, ie., a
minimum and maximum range over an adjust-
able azimuth sector of interest, wherein signals
from radiation reflected by objects in such
zone are verified and employed to establish a
limited azimuth or bearing sector and to pro-
duce warning signals therefrom. The system
hereof can also produce on the PPI scope of
a radar set a visual indication of the limits of
the range zone and azimuth sector and a bear-
ing tracer line through the detected object
which automatically tracks a target in the
warning zone.

The later illustrated system also establishes
an adjustable inner alarm zone and any radar-
detected object therein produces an alarm
signal in the nature of an imminent collision
alarm which, if not intentionally deactivated
within a limited period, will sound an emer-
gency alarm, for example, or key-operate a
ship’s whistle. The present system, in opera-
tion, requires a ship’s operator to take some
positive action at least to deactivate the alarm
hereof when a radar target appears in a pre-
selected zone so that a decision as to pos-
sibility of collision must be made by the
operator. The system provides not only a
PPI display but also provides a digital readout
of range and bearing of objects appearing in
the adjustably positioned range zones hereof.
Furthermore, the capability to establish pre-
determined range zones and azimuth sectors
may be employed for various special applica-
tions other than collision warning, such as
warning of straying or parting of tow lines of
barges or the like being towed by a ship or
boat equipped with the present system.

The later illustrated system is basically a
simple and relatively uncomplicated addition
to a conventional radar system and has capa-
bilities which are highly desirable for collision
warning and information display in connection
therewith. An operator is provided with the
capability of adjusting the azimuthal extent of
interest so that signals from an accompanying
ship or an adjacent shore line may be ex-
cluded and yet the system can still be em-
ployed for collision warning.

The present invention will be further
described, by way of example, with reference
to the accompanying drawings, wherein:

Figure 1 is a block diagram of a preferred
embodiment of the present invention;

Figure 2 is a block diagram of the ship
radar system and tow transponder of Figure
IH
Figure 3 is a block diagram of the range
and azimuth control of Figure 1 and a block
diagram of the tow range and azimuth control
of Figure 1;

Figure 4 is a block diagram of the alarm
and display of Figure 1;

Figure 5 is a diagrammatic representation
of range zone signals in relation to radar
return signals;

Figure 6 is a diagrammatic representation
of a generated azimuth sector in relation to a
heading marker or a radar system; and

Figure 7 is an illustration of a PPI scope
visual display as produced by the preferred
embodiment together with a digital display
hereof representing the same information as
shown on the PPI scope.

The described embodiment of the present
invention is illustrated in connection with ship
collision warning systems although the inven-
tion is not limited to this application. Refer-
ring now to Figure 1 there will be seen to be
shown a conventional ship radar system 21
having a directional rotatable antenna 22
which transmits electromagnetic radiation and
receives echoes thereof from solid objects in
the path of the radiation. The radar system 21
may be wholly conventional and may, in fact,
comprise a radar system already installed
upon a boat or ship. In Figure 1 there is illu-
strated a tow transponder 23 having an
antenna 24 thereon for a particular application
as further described below. )

Connected to the radar system 21 is a uni-
versal interface logic unit 26 which serves to
pravide compatability of signals between the
radar system 21 and a warning system. This
unit includes differential amplifiers and auto-
matic switching means and will accept either
a positive or negative going signal of various
amplitudes from the radar system and produce
an output signal of predetermined polarity
and amplitude. The conventional ship radar
system as illustrated in Figure 2 includes a
transceiver 31 connected to the antenna 22 and
connected through a mixer 32, an IF detector
33 and video amplifier 34 to a video mixer
36. Timing circuits 37 are connected to a
range marker generator 38 that is connected
to the video mixer 36. The PPI 39 includes
an oscilloscope face upon which a trace line
revolves depicting the revolution of the radar
antenna 22 and upon which there are dis-
played luminous targets at appropriate pos-
itions as established by radar signals reflected
to the antenna 22. Certain signals from the
radar set 21 are employed by the warning
system and output lines from the interface 26
carry heading marker signals from the trans-
ceiver on line 41, radar video signals from the
video amplifier 34 on line 42 and trigger
signals from the timing circuits 37 on line 43.
An input line 44 from the warning system
applies signals through the interface 26 to the
video mixer 36 of the radar set. It is noted
again that the interface or universal interface
logic 26 incorporates conventional circuitry,
such as differential amplifier circuits, that
process incoming video, trigger and heading
marker signals into the desired polarity and
amplitude for use by the internal circuitry of
the warning system.

Referring again to Figure 1 the radar video
signals from the radar set are applied through
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line 42 to a video amplifier 51 having a
sensitivity control 52 and thence to a video
level discriminator 53. The video amplifier 34
of the radar set has an output which contains
information relative to the amplitude, pulse
width and the distance or range of signals
received by the system. The sensitivity control
52 of the video amplifier 51 establishes the
amplitude of signals to be passed by the ampli-
fier and the video level discriminator 53 has
a threshold control 54 for comparing the video
level of the pre-set adjustable voltage refer-
ence thus to pass only signals above an adjust-
able threshold level,

A range and azimuth control 56 receives
inputs from the video level discriminator 53
and from input lines 41 and 43 from the
radar system. The range and azimuth control
56 is connected to an alarm and display unit
57 and in the embodiment of Figure 1 there
is also provided a tow range and azimuth
control 58 having an input from the video
amplifier 51, the trigger signal vig line 43 and
a control signal via line 61 from the range
and azimuth control 56. An output line 62
extends from the tow range and azimuth con-
trol 58 to the range and azimuth control 56.

Considering now the range and azimuth
control unit 56, as illustrated in Figure 3,
there will be seen to be provided a pair of
parallel channels denominated in the drawin
as “early warning zone” and “alarm zone”.
and inasmuch as the elements of each channel
are the same, only the upper or early warning
zone channel is herein described in detail with
the elements of the alarm zone channel being
identified by the same numbers primed as are
employed for the like elements in the early
warning zone channel. The video level dis-
criminator 53 has two outputs which are ap-
plied as inputs of variable range gate circuits
66 and 66" of the range and azimuth control
unit 56. Trigger signals are also applied to
these variable range gates by the line 43 from
the radar set. The variable range gate 66
serves to establish an adjustable range warning
zone and for this channel this comprises the
early range warning zone. A control 67 of
the variable range gate adjusts the inner ring
or distance of this warning zone and 2 second
variable range gate control 68 sets the depth
of the zone, i.e., the outer range of the zone.
The early warning zone will thus be seen to
be comprised of an annular area of interest
about the radar set with the inner and outer
diameters thereof being variable. The inform-
ation as to these range settings, i.e., the inner
and outer rings or diameters of the early
warning zone, is applied through a display
video control 69 to the input of a ring intensity
control 71. This video information from the
variable range gate is applied to the video
mixer 36 of the radar set for tracing two
visible rings on the PPI scope corresponding
to the inner and outer limits of the early

warning zone. The variable range gate 66
also serves to pass input video signals repre-
senting radar echo signals lying only within
the defined limited range of the early warning
zone. These gated signals are applied to a
variable azimuth gate 72 which has start con-
trol means 73 and stop control means 74 so
that the azimuth gate may be set at any de-
sired starting point from 0°—360° and with
any separation in degrees between beginning
and ending of the gate limits. The variable
azimuth gate controllably limits the azimuthal
location and extent of the range lines of the

scope 39, as further described below.
Radar echo signals that are gated through the
variable azimuth gate 72 are applied to an
echo width discriminator 76 which compares
the number of individual consecutive radar
pulse returns with a pre-set controllable mini-
mum as set by the minimum control 77 so as
to establish a minimum size of detected
object which is accepted by the waming sys-
tem. The echo width discriminator 76 also has
a maximum control 78 to establish the maxi-
mum number of consecutive radar pulses to
be passed thereby in order to eliminate the
possibility of alarms by very large echoes such
as land masses, if desired. The echo width
discriminator 76 passes signals falling within
the above-noted limits as set by the controls
77 and 78 and these are applied to an acqui-
sition azimuth gate 79. Enabling of the gate
79 by an input signal from the echo width
discriminator serves to establish an acquisition
azimuth sector of 5° or some other adjustable
number of degrees on each side of the azimuth
of the detected object identified by the radar
signal received from the echo width discrim-
inator 76. It is noted that azimuth limit signals
of the varjable azimuth gate 72 are applied
to the display video control 69 so that the
range rings established by the variable range
gate 66 normally appear only over the azimuth
sector established by the variable azimuth
gate 72. In addition the azimuth limit signals
of the acquisition azimuth gate 79 are also
applied to the display video control 69 so
that, upon identification of a target within
the early warning zone, the range rings are
visible only over the 10° arc, for example, of
the acquisition azimuth sector with such sector
being centered on the target. Upon establish-
ment of the acquisition azimuth sector the
variable azimuth gate 72 is disabled by the
acquisition azimuth gate 79 via line 80 so that
only one set of azimuth signals is applied to
the display video control 69. The effect of the
signals generated and the display thereof is
further described below in connection with the
description of Figures 5 to 7. The output of
the acquisition azimuth gate 79 is applied to
an echo verification discriminator 81 which
counts the number of echo returns for the
target appearing within the azimuth window
for a predetermined number of sweeps of the
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radar antenna. It is noted that the “azimuth
window” is herein defined as the area in the
acquisition azimuth sector of the early warn-
ing zone. It is noted that the echo verification
discriminator includes control means 82 for
setting the required number of echo returns
for a predetermined number of sweeps of the
radar antenna in order to pass a signal from
the discriminator 81. Signals passed by the
discriminator 81 are applied to a display
selector and display select logic circuit 83
which serves the purpose of energizing the
alarm and display unit 57 and of applying
certain signals back to the ring intensity con-
trol 71, as further described below. The dis-
play selector 83 may incorporate both manual
and automatic means for switching signals to
output display devices as received from the
echo verification discriminators.

The range and azimuth control circuit 56
additionally includes an automatic electronic
bearing indicator 86 which receives an input
signal from the echo width discriminator 76
for generating a signal establishing an elec-
tronic bearing indicator line through the target
PPI scope upon verification of the target echo
by the echo width discriminator. The output
of the electronic bearing indicator 86 is
applied to the display selector for return to
the radar set and the bearing indicator line
tracks the target as long as it is in the warning
range zone. There is also provided an azimuth
timer and phase-locked loop 87 which receives
the heading marker signal on line 41 from the
radar system and a further input at terminal
88 from a bearing digital display, as described
below, and applies correction signals to the
variable azimuth gate 72 and automatic elec-
tronic bearing indicator 86. The alarm zone
circuitry parallels the early warning zone
circuitry; however, the above described auto-
matic electronic bearing indicator and azimuth
timer and phase lock are common to both
channels and each feed into the same display
selector and display select logic 83.

Before proceeding with the description of
the tow range and azimuth control 58 of Fig-
ure 3, reference is made to Figure 4 illustrat-
ing the alarm and display circuitry 57 which
is operated by the range and azimuth control
56 described above. The alarm and display
circuitry 57 is connected to the display selector
and display select logic circuitry 83 and the
connecting lines are similarly numbered in
Figures 3 and 4 for convenience in following
signal flow between the circuits of these two
figures. The alarm and display circuitry 57
includes a warning zone alarm 91 having an
input line 92 carrying signals from the echo
verification discriminator 81 of the early warn-
ing zone channel. This alarm will thus be
automatically activated so that a visual and/or
audio alarm occurs upon identification and
verification of a target in the early warning
zone. The alarm is actuated under the fore-

going circumstances, even though the radar
display may be inadvertently set to a shorter
range than the range of the early warning
zone. This then requires an operator to con-
sider the threat imposed by this target and
take action to make some change in course
or speed of the vessel to remove the target
from the early warning zone, to manually
deactivate the alarm 91 by switching means
93 provided in connection therewith, or to
change either the range zone or azimuth sector
of the collision warning system. There is also
provided an alarm zone alarm 94 having an
input line 96 and receiving signals from the
echo verification discriminator 81’ of the alarm
zone channel. The audio visual zone alarm
94 will automatically operate upon the identi-
fication of a target in the alarm zone and, if
this alarm is not deactivated after a predeter-
minable time by a manual command function
switch 97 in the display selector 83, a signal
will be applied on an input line 98 to a second
stage alarm timer 99 which is connected to
operate a second stage alarm audio generator
and relay 101 which is connected to operate
some type of further alarm such as a public
address alarm, an external ship’s whistle, a
foghorn, or the like, as a second stage warning
capability.

The present system also provides for the
digital display of bearing and range informa-
tion of targets appearing within the early
warning zone and alarm zone. Information
for the range display is obtained from the
video output of the variable range gates 66
and 66’ via lines 102 and 102’ to the display
selector 83. Trigger signals are also applied
from line 43 to the display selector 83 and
trigger and range information is fed from the
display selector 83 through a line 106 to a
range digital display 107. A bearing digital
display 108 receives bearing information and
timing information viz input line 109 from
the automatic electronic bearing indicator 86.
It is noted with respect to the digital display
of bearing information that any variation of
the scan rate of the radar antenna 22 from
normal could cause the digital bearing display
to be incorrect and, furthermore, that inas-
much as the bearing information is repetitive,
ie, 0°—360°, it is necessary to re-set the
counter of the display and thus there is pro-
vided an output signal corresponding to a
359° count at the display terminal 88 which
is then applied as an input to the azimuth
timer and phase-locked loop 87 wherein the
phase-locked loop compares this count pulse
trom the display 108 with the heading marker
synchronizing signal and applies a voltage to
the azimuth gate timer to correct for antenna
rotational speed variations and thereby provide
accurate tracking of the azimuth gate 72, the
automatic electronic bearing indicator 86 and
the bearing digital display 108.

Reference is now made to the pictorial
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representations of Figures 5, 6 and 7. In Fig-
ures 5 and 7 there are illustrated the range
zones and the early warning zone 111 is shown
to be visually defined on the PPI scope 112
by concentric range lines or rings 113 and 114.
The location of each of these rings 113 and
114 are controllable by the controls 67 and 68
of the variable range gate 66 so that the depth,
d, of the zone 111 is adjustable as well as the
range placement of the zone. The intensities,
1, of the rings 113 and 114 are adjustable by
the ring intensity control 71. There is also
shown alarm zone rings 116 and 117 which
may be adjustably positioned by controls on
the variable range gate 66’. At the left of
Figure 5 there are illustrated radar returns
118 which are sometimes termed sea clutter
or grass which normally occur close to the
radar antenna and it will be appreciated that
by the establishment of the alarm zone and
early warning zone, these unwanted echoes are
excluded.

Radar echoes from a target 121 are shown
to appear in the early warning zone 111 and
there is provided an amplitude threshold, ¢,
so that radar return signals must have an
amplitude in excess thereof to enter the
circuitry of the warning system. This threshold
is set by the control 54 of the video level
discriminator 53. Upon the entry of a radar
echo signal, there is produced an electronic
bearing indicator line or cursor 122 extending
radially of the PPI scope 112 across the begin-
ning of the target indication 121 thereon. This
cursor is generated by the automatic electronic
bearing indicator 86 and, after this target has
been determined to have a target width
between the maximum and minimum as set
by the controls 77 and 78 of the echo width
discriminator 76, there is established an acqui-
sition azimuth sector by the acquisition azi-
muth gate 79 which then serves to limit the
extent of the visual range rings 113 and 114
on the scope to about 5° on opposite sides of
the cursor 122. This is also illustrated in
Figure 6. The radar target 121 will thus be
seen to be visually bracketed on the PPI scope
112 for the convenience of the operator.

There is furthermore provided a digital
display of the range and bearing of the target
121. This is indicated in Figure 7 where the
range is indicated by the range digital display
107 and the bearing is indicated by the bear-

ing digital display 108. A rtarget so identified .

by the present invention will actuate an alarm
so that a ship’s operator will be forced to take
some type of action as discussed above. It is
noted further that there is normally displayed
on the PPI scope 112 a heading marker 123
identifying the heading of the ship carrying
the radar set and it is further noted that any
radar target which maintains the same relative
bearing and a decreasing range, with time, is
in fact on a collision course with a ship carry-
ing the present invention. Commonly the digi-

tal bearing and range displays are located in
proximity to the PPI scope 112 so that an
operator at a glance may readily assess the
situation to determine what course of action
needs to be taken. The display and the alarms
may also be remotely located from the bridge
of a vessel and this is particularly advanta-
geous for fishing vessels, for example, where
the bridge is unmanned for extended periods.

The capabilities of the present system may
be employed for purposes other than collision
warning and one such application comprises
a tow safety system associated with the above-
described circuitry, as generally indicated in
Figure 1 by the tow transponder 23 and tow
range and azimuth control 58. The purpose
of this tow system is to indicate to the opera-
tor of a ship towing barges or the like any
movement of the towed vessels outside of a
controllably designated tow area. Inasmuch as
vessels being towed are normally fairly close
to the towing vessel, it is preferable to provide
a transponder 23 on at least the last of the
line of towed vessels in order to receive radar
signals propagated by the antenna 22 and to
return these signals with sufficient strength to
prevent masking thereof by interference such
as sea clutter. In Figure 2 the transponder 23
is illustrated as conveniently comprising a
transmit-receive switch 126 connected to a
mixer 127 that is, in turn, connected to an IF
detector 128 which feeds a transmitter 129
which has the output thereof connected
through the switch 126 to the antenna 24. As
noted above, the transponder 23 serves to en-
sure the return of a strong signal to the radar
antenna 22.

The tow warning system operates to estab-
lish a tow warning zone 131 extending about
the tow safety zone 132, as indicated on the
PPI scope 112 of Figure 7. Vessels such as
barges 133 indicated by small marks in Fig-
ure 7 for convenience of description, are
intended to be towed behind a vessel carrying
a radar set located at the centre of the scope
112 and to normally remain within the tow
safety zone 132. At any time a barge or towed
vessel 133 moves outside of the safety zone
132 into the surrounding warning zone 131,

.the present invention will sound an alarm to

indicate that the towed vessel has either swung
laterally from its normal position or has pos-
sibly broken free and is lagging too far behind
the towing vessel.

Referring now to Figure 3 there will be
seen to be shown a block diagram of the tow
range and azimuth control 58 as including an
input video level discriminator 136 having the
input thereof connected to the output of the
video amplifier 51. This video level discrimin-
ator 136 has a threshold control 137 so that the
video signal levels may be adjusted separately
from the range and azimuth control circuitry
56. Separate threshold adjustments are pro-
vided to compensate for the closer range set-

70

75

85

95

100

105

110

115

120

125

130



1,565,873

10

15

20

25

35

45

50

55

65

tings and sea return encountered at these
closer ranges. The output of the video level
discriminator 136 is applied to the inputs of
a pair of tow warning range gates 138 and
139 which also receive trigger inputs on line
43 from the radar set. The tow side warning
range gate 138 has minimum and maximum
range controls 141 and 142 and is further
controlled by a variable azimuth gate 143
having an input connected to an output of
the azimuth timer 87 and including minimum
and maximum outer control means 144 and
146. These outer controls set the outer side
limits of the tow warning zone and the vari-
able azimuth gate 143 also has minimum
and maximum inner azimuth control means
147 and 148 which establish the bearings of
the tow safety zone. The gated output of the
range gate 138 thus comprises signals occur-
ring in the side areas of the tow warning zone.
In order to provide an end closure to the tow
safety zone, the tow end warning range gate
139 is provided with minimum and maximum
controls 151 and 152 to pass video signals in
the range zone between the outer range lines
of the tow warning zone and tow safety zone.
The tow end warning range gate 139 is also
controlled from the variable azimuth gate 143
to limit the circumferential extent of the zone
defined by the gate 139 to the inner azimuth
settings as determined by controls 147 and
148 of the azimuth gate. The outputs of the
two range gates 138 and 139 are applied 1o
a mixer or the like 153 so that the output
thereof comprises video signals in the tow
warning zone. The signals defining the tow
warning zone are applied to the radar set in
the same manner as range and azimuth signals
are applied for collision warning as described
above so as to trace upon the PPI scope 112
the inner and outer lines defining the tow
warning zone and thus also the tow safety
zone so that an operator may readily adjust
the controls as identified above to establish a
desired warning zone about one or more ves-
sels being towed. Radar echo signals located
in the tow warning zone will reach the mixer
153 and from there are applied to an echo
width discriminator 156 and thence to an echo
verification discriminator 157 and on to the
display selector 83. The tow circuit echo
width discriminator and echo verification dis-
criminator operate in the same manner as
similarly termed circuits or units in the early
warning zone channel described above. The
output of the tow warning system is applied
through an output line 158 from the display
selector 83 to a tow warning zone alarm 159,
as shown in Figure 4. Provision is also prefer-
ably made to energise a second stage alarm
99 if the tow warning zone alarm continues to
operate in excess of some predetermined time
and this may be accomplished in the display
selector and display select logic circuitry 83
which is shown to include a control or switch

161 for turning off the tow warning zone
alarm. Failure to operate this switch 161
within some predetermined time after the tow
warning zone alarm is energised then results
in the circuitry 83 applying a signal to the
output line 98 thereof for operating a second
stage alarm 99, as described above.

Considering now the operation of the tow
warning system, it is noted that limits of the
sides of the tow warning zone 131 are estab-
lished by adjusting the tow side warning range
gate controls 141 and 142 and the tow warn-
ing azimuth gate controls 146, 147, 148 and
149. The tow safety zone perimeter which
corresponds to the interior delineation of the
tow warning zone has the outer and thereof
closed by adjusting the controls 151 and 152
of the range gate 139. Consequently the radar
echo from the tow safety zone will not actuate
an alarm through the tow safety systems;
however, a signal generated in the tow warning
zone will actuate the tow warning zone alarm
159.

The warning system may also incorporate
additional capabilities which may be readily
derived from the basic system as described
above. Thus it is possible to include the auto-
matic tracking of one or more radar targets
and the provisions of alarm signals if such
targets provide any possible threat of collision
with the vessel carrying the present system. It
is also possible to extend the system to an
assessment of any threat of collision by deriv-
ing from the information available herein the
time and location of the closest point of ap-
proach of a target and the closing rate thereof.
The simple system described does provide
basic information in highly usable form to
assist the operator of a ship, for example, in
the navigation thereof.

WHAT I CLAIM IS:—

1. An automatic collision warning system
adapted for use with a radar system generat-
ing echo signals containing information rela-
tive to bearing and range of targets reflecting
radar pulses and having a scope for display of
targets thereon, the warning system compris-
ing a range gate connected to said radar
system and having a maximum and a mini-
mum range within which echo signals of said
radar system are passed, means applying
signals representative of said maximum and
minimum ranges of the range gate to the radar
system for display as visible range rings on
the radar scope, and an alarm system con-
nected to receive signals passed by the range
gate and operated thereby automatically to
produce an alarm indication upon actuation
by received signals.

2. A system according to claim 1, wherein
target verification means is connected to re-
ceive signals passed by the range gate and
only to pass echo signals of targets which
repeat a predetermined number of times in a
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predetermined period of time.

3. A system according to claim 2, wherein
the range gate has control means for setting
maximum and minimum ranges and to pass
only echo signals from a range zone between
these limits, a variable azimuth gate is con-
nected between the output of the variable
range gate and the input of the target verifii-
cation means and has control means for set-
ting maximum and minimum degrees of bear-
ing of radar echo signals passed thereby
whereby said target verification means only
receives echo signals in a predetermined con-
trollable azimuth sector of radar operation,
and means are provided for connecting the
variable azimuth gate to the radar system for
limiting the angular extent of the range rings
to the azimuth sector controllably set by the
variable azimuth gate. )

4. A system according to claim 3, wherein
an automatic bearing indicator circuit is con-
nected to the variable azimuth gate for pro-
ducing a bearing signal for a target echo signal
passed thereby and adapted for connection to
the radar system to display a bearing indicator
line upon the scope thereof through a target
in the range zone whereby said bearing indi-
cator line automatically tracks a target in the
range zone.

5. A system according to claim 3 or 4,
wherein an acquisition azimuth gate is con-
nected to the output of the variable azimuth
gate for defining a limited angular azimuth
sector about a target echo and is connected for
applying signals representative thereof to
the radar system for limiting the angular ex-
tent of the maximum and minimum range
tings on the radar scope to the azimuth sector.

6. A system according to claim 3, 4 or 5,
a digital bearing display and a digital azimuth
display are connected to receive echo signals
passed by the variable range gate and the vari-
able azimuth gate and digitally to display the
range and bearing of target echoes in the
selected azimuth sector of the adjustable
range zome.

7. A system according to any one of claims
2 to 6, wherein an echo width discriminator
is connected to the output of the range gate
and has timing and control means for pro-
ducing an output signal upon the receipt of a
minimum number of successive radar scan
target echoes and for applying the output
thereof to the target verification means.

8. A system according to any one of claims
2 to 7, wherein the range gate comprises first
and second variable range gates and the target
verification means comprises first and second
echo verification discriminators connected one
to each variable range gate, said first variable
range gate being adapted for controlled set-
ting to define an early warning range zone
and said second variable range gate being
adapted for controlled setting to define an
alarm zone of ranges less than those of the

early warning range zone, and said alarm
system including a warning zone alarm con-
nected for activation by the output of the first
echo verification discriminator and an alarm
zone alarm connected for activation by the
output of the second echo verification discrim-
inator with the warning zone alarm having a
manual deactivator and the alarm zone alarm
sounding an emergency audio alarm.

9. A system according to claim 8, wherein
the warning zone alarm and the alarm zone
alarm are inter-connected for applying the
output of the first echo verification discrim-
inator to the alarm zone alarm after a pre-
determined time of continuous operation of
the warning zone alarm.

10. A system according to claim 8 or 9,
wherein first and second variable azimuth
gates with each having control for setting
minimum and maximum degrees of bearing
of radar echo signals passed thereby, are con-
nected to the outputs of the first and second
variable range gates respectively and are
adapted to control the azimuth over which
range rings are displayed on said radar scope
and over which target echo signals are applied
to the first and second echo verification dis-
criminators, respectively, whereby said alarms
are only actuatable by radar target echoes
within preselected range and azimuth areas.

11. A system according to claim 10, where-
in first and second echo width discriminators
are separately connected between said variable
azimuth gates and echo verification discim-
inators and have controls for setting the mini-
mum and maximum numbers of radar echoes
per unit time that can pass therethrough for
adjustably setting the minimum and maximum
size of radar target that can actuate the alarm
system.

12, A system according to any one of claims
2 to 11, including digital bearing and range
counting and display means connected to the
output of the target verification means for
digitally displaying the bearing and range of
target echoes, the digital bearing counting
means producing predetermined repetitive
count signals, and an azimuth timer and phase
lock loop connected to receive heading marker
signals from the radar system and the count
signals for producing timing signals applied
to the variable azimuth gate.

13. A system according to any preceding
claim, including a universal interface logic
unit for interconnecting the radar system with
the input of the range gate and providing
thereto signals of predetermined polarity and
amplitude for output signals of the range gate
within a predetermined range.

14. A system according to claim 1 adapted
to warn of the straying of a towed object from
a predetermined zone, wherein the range gate
comprises first and second variable range
gates adapted for connection to a radar set to
receive timing and echo signals therefrom and
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each having control means for adjustably
defining a minimum and a maximum range to
pass echo signals between such ranges, said
range gates having substantially the same
maximum ranges and said second range gate
having a greater minimum range than said
first range gate, a variable azimuth gate con-
nected to said variable range gates and having
control means for setting maximum and mini-
mum bearings of a bearing sector of echo
signals that will pass through said range gates,
said azimuth gate also having control means
for establishing a safety sector of predeter-
mined maximum and minimum bearings
intermediate the maximum and minimum
bearings of said bearing sector wherein said
first range gate will not pass echo signals con-
taining such bearing information, whereby
there is established a warning zone surround-
ing a safety zone with any echo signals of
bearings and range falling within the bound-
aries of said warning zone being passed
through said range gates, and an alarm con-
nected to the output of range gates and auto-
matically operated by echo signals passed
thereby to thus identify movement of towed
vessels out of the safety zone into the warning
zone.

15. A system according to claim 14, where-

in a controllable amplitude discriminator is
connected in the input of the variable range
gates for setting the minimum level of radar
echo signals applied to the range gates, and a
controflable echo signal width discriminator
and an echo verification discriminator are
connected in series between the output of the
range gates and the alarm for passing target
echo signals having a predetermined total
duration between controllable limits and oper-
ating upon such passed target echo signals to
pass a signal to the alarm means only after
a predetermined number of repetitions thereof
in a set time period.

16. An automatic collision warning system
constructed and arranged to operate substan-
tially as herein described with reference to
and as illustrated in the accompanying
drawings.

17. An automatic tow warning system con-
structed and arranged to operate substantially
as herein described with reference to the
accompanying drawings.

J. A. KEMP & CO,,
Chartered Patent Agents,
14, South Square,
Gray’s Inn, London WCIR 5EU.
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