. Primary Examiner—Benjamin A. Borche
Assistant Examiner—G. E. Montone
Attorney, Agent, or Firm—Rolf M. Pitts; H. Fredrick

Hamann; L. Lee Humphries

[57] ABSTRACT
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TERRAIN-FOLLOWING RADAR SYSTEM

CROSS-REFERENCES TO RELATED

APPLICATIONS

U.S. Pat. application Ser. No. 540,053 filed Apr. 4,
1966, by Guy P. Bayle, et al., for Terrain Warning Sys-
tem.

BACKGROUND OF THE INVENTION

In the prior art of terrain-following radar systems, it
is desired to accurately detect a terrain profile for con-
trol purposes, in controlling a military aircraft to a low

altitasAdan FMliole mo L

altitude flight profile above such terrain prOIlle In this

10

way, advantage is taken of the masking effect of the ter- 15

rain to make detection of the aircraft more difficult.
A typical terrain-following system, employed by a us-
er-aircraft, in general comprises a forward-looking air-
borne radar for terrain-profile sensing, and signal-
processing or computing means responsive to the flight
condition of the user-aircraft for comparing the sensed
terrain profile situation with preselected - aircraft
maneuver-limitations, to provide a warning or flight
maneuver (fly up/fly down) signal. In general, a prese-
lected clearance reference surface below the aircraft is
simulated and having a ski-toe forwardly at a prese-
lected range (to prevent premature “fly-up” in re-
sponse to far-distant targets, although located above
the preselected clearance reference below the air-
craft). As the aircraft flight path y deviates from zero
to a negative (fly-down) flight path, both the vertical
clearance reference distance and the ski-toe range are
compensatorily increased to accommodate the in-
creased vertical and forward transfer or space required
in which to effect a terrain-avoidance pull-up maneu-
ver. A further description of such systems is included
in U.S. Pat. No. 3,396,391 issued Aug. 6, 1968 to J. O.

o
, for Terrain Following System.

An especially distressing environment in which to
perform a terrain following flight mission is one in
which the terrain includes tall, narrow vertical obsta-
cles such as towers and the like which may be ordi-
narily difficult to discérn amid the general clutter
ground in which they occur.

Accordingly, it is a broad object of the subject inven-
tion to provide means for providing improved safety in
performing terrain-following over vertical towers.

it is another object to provide improved detection of
discrete terrain obstacles such as vertical towers.

Anderson, et al,
Anderson, et

.
b'dUK-

Another object of the invention is to provide reduced

clutter content in radar signals indicative of sensed dis-
crete terrain obstacles such as vertical towers.

These and other objects of the invention will become
apparent from the following description taken together
with the accompanying drawings in which:

FIG. 1 is an exemplary block diagram of a monopulse
system in which the concept of the invention may be
advantageously employed.

FIG. 2 is a block diagram of ai

_haroacia
tion as applied to an on-boresight ty

n aspect of the inven-

tuna mananilce cue
ht PE€ mMOonopuise sys-

tem application. .

- FIGS. 3A-3F, 4A—4F, and 5A-5F are illustrations of
three respective exemplary sensed terrain situations
and associated families of time history responses of var-

PO PR )

Smvtn Ao nimda o Ty
ious clements of the arrangement of FIG. 2.
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FIG. 6 is a block diagram of an exemplary on-
boresight monopuise type system for an airborne ter-
rain-following application.

FIGS. 7A-D, 8A-8D and 9A-9D are illustrations of
three respective exemplary sensed terrain situations
and associated families of statistical properties of the
sensed parameters thereof, and

FIG. 10 is a block diagram of a preferred embodi-
ment of a spatial filtering aspect of the invention.

In the figures, like reference characters refer to like
parts.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, there is illustrated a block
diagram of an exemplary terrain-following radar system
of the monopulse type, in which the concept of the in-
vention may be advantageously employed. There is
provided a puised transmitter 10 output-coupled to a
directional antenna 11 in a manner known, per se. An
antenna servo 12 may cooperate with antenna 11 to
provide directional scanmng of directional antenna 11,
if desired. Antenna 11 is maintained slightly depressed
to detect terrain ahead of and below the aircraft, and
is preferrably of the multiple feed type, as to be useful
in a monopulse system annhcatlon A monopulse re-
ceiver 13 is responswcly coupled to the multiple feeds
of antenna 11 for providing a monpulse sum (%) and
difference (A) video signal output.

The monopulse video outputs of receiver 13 are uti-
14 fo

II’IPd ln a gnflnn mgnal gnnnratnr 14 for sb“&‘auus a

g Signal gonviaill

gating signal B, indicative of the detection of a discrete
terrain feature of interest occurring on or along the
boresight axis or beamwidth axis-of-symmetry of an-
tenna 11. The range-time occurrence of such signal B,

within a

range distance of the sensed obstacle, while the direc-
tion of the antenna boresight is thus indicative of the
direction of the sensed obstacle. Such data as to the di-
rection and range of a sampled portion of a terrain pro-
file may thus be tested against a terrain clearance refer-
ence to compute vertical steering signals indicative of
a desired flight path change, Ay by means of a terrain-
following computer 15 which may be further respon-
sive to own-aircraft flight path, (y), own aircraft speed
{U,), and antenna orientation (7). A flight control cou-
pler 16 may input-couple an automatic flight controller
to computer 15. Alternatively, a display indicator or
other signal utilization means may be employed as ele-
ment 16.

Boresight gate generator 14 is shown more particu-
larly in FIG. 2 as structure for generating a gate control
signal indicative of the occurrence of an on-boresight
target condition under the conditions that (1) the re-
ceiver sum channel output (of FIG. 1) exceeds a prese-
lected threshold, (2) the receiver monopuise difference
channel output be less than that of the sum channel and
below a preselected threshold, and (3) the target signal
occur during a range interval of interest. The sum chan-
nel threshold logic function is provided in FIG. 2 by
thresholded two-state signalling means 19 responsively
coupled to receiver sum channel 17 (of FIG. 1) and as-
sures that the received signal is a target of significant
interest as to lie within the mainlobe of the antenna re-
sponse pattern, and not within a sidelobe or direction
not of interest.

1 i Aiantd af
pu!se repemzcn interval is indicative of the
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eta gate generator 20 responsively coupled to

oth sum channel 17 and difference channel 18 of FIG.

provides a logic gating output signal (B gate) when
the difference channel output is less than that of the
sum channel (A<ZX); while a boresight gate generator
21 provides “‘an on-boresight” (B, gate) signal of inter-
est in response to the monopulse difference signal (on
line 18) falling below a preselected threshold (A < Tjp).
By means of a coincidence, or AND, gate 23 responsive
to the outputs of gates 19, 20, 21, a boresight gate sig-
nal B, is provided which is unambiguous in that the co-
incidence of gates E, and B with the B, gate check
against the ambiguity of a monopulse difference chan-
nel null occurring in a sidelobe region and faisely indic-
ative of a mainlobe on-boresight detection. The con-
struction and arrangement of thresholded gate genera-
tors 19 and 20 are Subauauuauy the same and are well
understood in the art.

A further gating input (R¢op) representing a limited
range time interval of interest (R, < R < Ryqz) is
provided to AND gate 23 by means of a range coverage
generator 22 responsive te a system trigger (f,) of
transmitter 10 (of FIG. 1). In this way, AND gate 23
is gated-off to system responses to near-range targets
not of interest (as lying directly below the aircraft and
possib]y within the antenna sidelobe response region)
as to improve system discrimination against such side-
lobe response. Also, the gating-off at range times corre-
sponding to ranges greater than R,,,, reduces unneces-
sary system response to terrain obstacles outside a ma-
neuvering range of interest, particularly in a turning
maneuver. Conceptually, gating signal generator 22
may be a tapped delay line with the Reoy input of gate
23 connected to only those output taps of the delay line
corresponding to the range interval of interest. Alterna-
tively, to the tapped delay line, a clocked shift register
may be used. A selectively range-blanking arrangement
for use in turning maneuvers of an aircraft using a ter-
rain- following system is more fully described in U.S.
application Ser. No. 540,053, filed Apr. 4, 1966 now
U.S. Pat. No. 3,680,049 for Terrain Warning Radar
System, by Guy P. Bayle, et al., assignees to North Am-
erican Rockwell Corporation, assignee of the subject
invention.

ha Annmarafi e

The Cooperaucn of the arrangement y
be more easily appreciated by reference to FIGS. 3, 4
and 5, illustrating three exemplary terrain situations.

Referring to FIG. 3, there is illustrated an exemplary
first case terrain situation involving no discrete terrain

H intad mlitrs A vanemmaan
obstacle and a family of associated amplitude responses

of certain elements of the arrangement of FIG. 2 (in co-
operation with the system of FIG. 1) as functions of
radar range time. In FIG. 3A, the boresight axis 24 of
a forward looking narrow beamwidth (say, of antenna
11 of FIG, 1) intersects an obstacle-free terrain profile
25 at point 26. The resulting sum () channel response
on line 17 of FIG. 2 is shown in FIG. 3B as curve 27,
the magnitude of which response decreases as a func-
tion of range time due to the attenuation effect of

range distance on the received signals from terrain
lymg at increased range distances, as is well understood
in the art, such response at maximum range times or
distances falling beiow the threshold 28 (of generator
19 in FIG. 2), (True state of generator 19 in FIG. 1,

corresponding to curve 32 in FIG. 3D). The monopulse
difference (A) signal response (on line 18 in FIG. 1) is
shown as curve 29 in FIG. 3C, the response to near-

b
1

ange of FIG. 2 ma
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45

55
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range terrain below boresight axis intersection 26 pro-
ducing a negative video response, terrain at a further
range beyond boresight axis intersection 26 producing
a video response of opposite sense, and terrain on-
boresight (point 26) producing a null response (at fy).

Also shown in FIG. 3C are two points 30 and 31 (at
times ¢, and ¢3, respectively) between which the magni-
tude of A response curve 28 is less than that of 3 re-
sponse curve 27, as to result in a true state output from
generator 20 in FIG. 2 (curve 32 between the interval
tr-t3 in FIG. 3E). Further shown in FIG. 3C is a thresh-
old region T; (corresponding to the reference value

employed in generator 21 of FIG. 2), which region is

traversed by A curve 29 at and about time #,, producing
a true output (curve 34 in FIG. 3F) at generator 21 at
that time. The coincidence of the true states of genera-
tors 19, 20 and 21 (together with generator 22), corre-
sponding to the coincident like states of curves 32, 33
and 34 at and about time 7, in FIG. 3) results in a true
output from AND gate 23 (in FIG. 2). The range time
of such occurrence and the coincident depression angle
or direction of the boresight axis 24 may then be em-
ployed to provide the polar coordinates of such terrain
profile sample.

A second exemplary terrain situation, involving three
discrete terrain obstacles, spaced apart from each other
and amid a substantially non-reflective background, is
shown in FIG. 4. Such substantially nonreflective back-
ground is represented by the absence of a received sum
(%) signal (curve 27 in FIG. 4B) in the intervals be-
tween the receiver response at times 1,, t,, and ¢; and
corresponding to the three obstacles 35, 36 and 37 in

FIG. 4A. In other words, outside those times, response

curve 27 is below the X threshold value 28 in FIG. 4B,
resulting in the E, gating signal response of curve 32 in
FIG. 4D. However, the occurrence of a finite mono-
pulse difference (A) signal 29 which is still less than the
FIG. 4E
at times t,, £, and #;) and at the same time within the
threshold Tg (of FIG. 4C) occurs only at ¢, (curve 34
in FIG. 4F).

The third exemplary terrain situation of FIG. 5 com-
bines the reflective terrain style of the first described
case and the three obstacles of the second described
case. The resultant continuous response of the sum ()
channel (curve 27) assures an E, gate response (curve
32) similar to that of FIG. 3D. The difference (A) chan-

~ Y B L.
nel response (curve 29) resembles that of FIG. 3C but

for the three points of (negative) inflection, corre-
sponding to the vertical angles-off-boresight of the cen-
troids of obstacles 35, 36 and 37, as to result in a B gate
response (curve 33 between ¢, to t; in FIG. 5E) some-
what resembling that of FIG. 3E. It is to be noted that
within the interval of ¢,-#; (as marked-out by curve 33
in FIG. 5E) the monopulse difference (A) curve 29 tra-
verses the on-boresight threshold region T, more than
once. However, delayed lock-out logic such as a multi-
vibrator 35 responsive to a first-occurring B, gate signal
may be used in FIG. 2 to gate-off the response of AND
gate 23 to subsequent B, gate signals within a given
pulse repetition interval, the multivibrator being reset
by the system trigger (#,) of the subsequent pulse repe-
tition interval so as to unblock gate 23. Thus, the firsi

or closest obstacle will be used for earliest warmng sig-
nal computation.

sum (3‘\ cxanal 27 (True state of curve 33 in
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One form of on-boresight bore—sight monopulse sys-

tem useful in a {erra...-fulluw.ug situation is shown in
the single line block diagram of FIG. 6. In such arrange-
ment the scanned antenna angle 1 may be compensato-
rily biased by a stabilization correction € from inertial
stabilization means well known in the art, and the stabi-
lized angle value periodically multiplied or modulated
(by multiplier §5) over the system pulse repetition pe-
riod as a function of range-time by a factor Kp(z), the
product or modulation resulit corresponding to a selec-
tively shaped clearance plane of interest, as is more
fully explained in the above noted U.S. Pat. No.
3,396,391 to J. O. Anderson et al. Gating of the modu-
lated reference signal in response to a detected target
on-boresight condition (indicated by a B, gate output
from element 23 of FIG. 2) provides a sampled maneu-
ver signal Ay(B,) at the output of sampier 56. In a con-
ventional terrain following system, such output is then
filtered or smoothed by an element 57 having a re-
sponse or cut-off frequency f, not exceeding an integer
submultiple of the pulse repetition rate or PRF (e.g.,
Jfe= PRF/nj). Thus, the fiiter response serves to attenu-
ate noise while also acting as a data integrator over a
limited time interval. The output of the filter is then
peak-detected by a peak-detector 58, which in an ele-
vationally nodding, on-boresight processor, may em-
ploy the plurality of pulse repetition intervals of a nod
cycle for such peak-detection function (i.e., detection
of a “‘worst’” maneuver case).

Because of the heavy smoothing effect of filter 57,
discrete obstacles or vertical towers of small radial ex-
tent (relative to the system range resolution) protrud-
ing above the general terrain may not be clearly dis-
cerned by the terrain-following system, with the result
that a flight hazard may be undetected.

Accordingly, a further aspect of the invention relates
o a spatialiy responsive fiiter to be substituted for the
time-domain filter 57 of FIG. 6 or of other types of ter-
rain-following data processors.

Now, in current radar systems for modern military
aircraft applications it is not unusual, and may even be
preferred, that the transmitter 18 (of FiG. 1) empioy
frequency agility or multiple frequency transmission,
whereby the carrier frequency is changed from pulse to
pulse for anti-jam or electronic counter-counter mea-
sure purposes. However, the received signals from the
terrain and obstacie at a given range bin (correspond-
ing to a transmitted pulse width) will appear to fluctu-
ate or ‘“‘sparkle” (over the period of several pulse repe-
tition intervals) with such frequency changes due to
changes in the manner of constructive and destructive
additions of the components of the received signal from
the composite scatters comprising the clutter or terrain
background, in response to wavelength changes of the
transmitted energy. Such phenomenon is understood to
those skilled in the art, being more fully explained in
U.S. Pat. No. 3,500,404 issued Mar. 10, 1970, to J. O.
Anderson, et al., for “Radar System Having Improved
Response to Small Targets.” Such pulse-to-pulse ran-
dom-function effect for a representative range bin also
tends to result in variations in the observed monopulse
difference {(A) channel algum Such measured dllglt: is
influenced by the physical arrangement of the tower
and of the surrounding clutter. In other words, jitter is
observed in the observed angle-off-boresight of the

centroid of a terrain obstacle such as a vertical tower

~e tha Tiln
O uic 1iK<c,
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as to prevent correct estimation of an on-
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boresight condition of such tower on successive pulse
repetition intervals, with the result that a boresight gate
signal, B, , may not be generated on successive return
echoes from such tower. Initially, it is more likely that
such gate signal will be generated only when the an-
tenna boresight intersects the terrain.

Three exemplary cases of such receiver boresight sig-
nalling situation are depicted in FIGS. 7, 8 and 9 for
successive tower-range situations, and show for each of
such situations the probable density distributions of the
received signals.

Such probabie density distributions are plotted (for
each of the situations illustrated in FIGS. 7A, 8A and
9A) for the detected obstacle only angle-off-boresight
B, the obstacle and clutter indicated range-time, and
the statistics of resultant maneuver angle Ay computed
by the terrain-following computer.

From FIGS. 7, 8 and 9 it is to be appreciated that the
thresholded d!sr'rete ohstacle or tower g!gnal provides
a narrower probability density distribution than that of
the general ground clutter (due to the restricted radial
extent of the tower as viewed from the forward looking
narrow beam-width of the airborne radar antenna).

Such narrower distribution of the statistics of the
tower signal, relative to the general clutter return, may
be used to distinguish the tower (range or direction)
signal from that of the clutter: By summing the samples
received for each of successive sample values of a sam-
pled parameter such as monopulse angle B (in an off-
boresrght processor), range R; or maneuver angle Ay,
the frequency of occurrence of a given value for the pa-
rameter (say Ay) or density function thereof may be
observed. From examination of FIGS. 7D, 8D and 9D,

it is clear that a reasonablv hish freauencv of sccur

clear that a reasonably high frequency of occur-
rence of the larger maneuver angle (Ay) for the tower
36 will occur as to allow distinguishing it (on such ba-
sis) from the lesser maneuver angle values associated
with the general terrain in an on-boresight monopulse
processor, for example,

The lesser target area and radial extent of the tower
relative to those properties of the general clutter area
illuminated by the antenna beamwidth and system
pulsewidth, provide a lesser received signal return or
strength, as to make difficult the distinguishing of such
tower from the clutter in a display situation. However,
the measurement of such frequency of occurrence over
a preselected number of sampled pulse repetition inter-
vals (corresponding to the number of discrete transmit-
ter carrier frequencies utilized) conveniently allows
distinguishing such tower data from the terrain data by
the simple expedient of thresholding the frequency of
occurrence of selected parameter values (say, for Ay),
rather than thresholding the received signal strength
used in computing such values. Logic means respon-
sive to such thresholding of frequency of occurrence or
truncated probability density distribution function, for
selectively gating a terrain foilowing computer, is
shown in FIG. 10.

Referring now to FIG. 10, there is illustrated in
diagram form an exemplary embodiment of one con-
cept of the invention. There is provided add-one/drop-
one sample data processing means comprising sample-
and-hold means 46,~40,, commonly responsive to a
computed maneuver angle Ay or other terrain-
following parameter computed each of n successive
pulse repetition intervals, where n may bea preselected
number corresponding to the number of discrete car-

1 block
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rier frequencies, a mutually exclusive one of which fre-
quencies may be employed in a mutuaily exclusive one
of the n successive pulse repetition intervals. Each of
sample-and-hold means 40,-40,, is responsive to the
frequency programmer logic of the frequency agile
transmitter (or other system clocking means) for se-
quentially sampling only a preselected pulse repetition
period of each of successive pluralities of n successive
system pulse repetition intervals. Such clocking means
(not shown) may be comprised, for example, of a shift
register n bits long and having a clock input responsive
to the system trigger (1,), or other frequency divider
means well-understood in the art.

There is also provided in FIG. 10 signal summing
means 41 input coupled to respective outputs of sam-
ple-and-hold means 40,-40, and suitably gain scaled
(K= 1/n) for providing a continuous time-averaged
output Ay,,; = (1/n)ZAy, on output line 42.

A scanned threshold signal generator 43 provides a
threshold signal value which is scanned or varied each
pulse repetition interval from a maximum value of in-
terest (+ymar) through zero or nuli to a minimum vaiue
of interest (—yuq-) on output line 44. Such periodically
scanned threshold signal on line 44 is compared with
the time-averaged signal on line 42 by difference de-
tector means 45, to provide a two-state output on line
46 indicative of whether the time averaged output A is
less than the threshold value B.

There is also provided in FIG. 10 frequency of occur-
rence detecting means comprising dual-level compara-
tors 47,—47, each responsive to a mutually exclusive

one Uf a aaluplc—aud—uulu ineans WUl‘@Un d,lll.l LUlll'
monly responsive to threshold generator 43 for provid-
ing a two-state output indicative of the occurrence of
a sampled-and-held signal approximately equal to said
scanned threshold. Detector logic 48, responsive to the

- utnute of comnarators 47 A7 nrovides a
two-state cutputs of comparators 47,—47,, proviaes a

two-state output (on line 49) indicative of the coinci-
dent occurrence of at least a preselected number (M)
true state inputs out of in inputs thereto. In other
words, a substantially non-sparkling or discrete target

of interest is indicated by at least a preselected mini-

mum number of terrain- followmg parameter computa-
tions (say, Avy) at a given range time over n successive
pulse repetition intervals, corresponding to the rela-
tively narrow density distribution function shown in
each of FIGS. 7D, 8D and 9D for the exemplary tower
response there depicted. The “at least M out of n”’ state
of logic 48 is also applied as a ““hold” or “‘stop scan”
controi input of threshold generator 43.

Double throw switch means 5¢ (provided in FIG. 10)
utilizes an alternative one of lines 42 and 44 as a spa-
tially filtered output to a terrain-following Ay peak de-
tector, in response to the switching control state of
SWl[Cﬂ COnIl'Ol mput Dll. bOnlrUl mpul 31 15 fegp()fl-
sively connected to a two-state output of a coincidence
detector 52 which has a first and second input respon-
sively connected to a respective one of lines 46 and 49.
UL switch 50 and gate 52, the
’or M at gate 52 (meaning the
time averaged A'y is greater than the threshold Ay and
coincidentally that there are less than M out of »
sampled Ay amplitude coincidences (for a given sam-

B e B Pl P S T] Teg 3un alaa Seot gbmta asmeliad
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to the control input 51 of switch 50. The response of
switch 50 to such applied first state is to connect output
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line 53 to the time averaged signal on line 42. If, how-
ever, both signal B (at detector 45) exceeds signal A
and there are at least M coincident amplitudes out of
n successive samples (at logic means 48), which combi-
nation of conditions tends to be indicative of a response
to tower detection data, then the resulting “True,” or
second, state of gate 52 causes switch 50 to disconnect
line 53 from line 42 and to connect line 53 in circuit
with line 44, whereby the output of threshold generator
43 is utilized as the maneuver-angle value of interest.
Further, if there are M substantially like values in n suc-
cessive samples (at logic element 18), then the output
state on line 49 is employed as a “hold”’ control input
to generator 43, to stop the scanning thereof, whereby
the “held” value on lme 44 is utlhzed as a smoothed
maneuver angle (Ay) value of interest.

In other words, a filtered or smoothed Ay signal is
provided by the use of the averaged signal (1/n)ZAy,
unless either (A<B) and M occurs, meaning that the
worst case’’ (most positive Ay value) is provided by a
time-averaged signal indicative of a general clutter con-
dition (False condition of gate 52); otherwise, the out-
put of generator 43 is employed as the Ay signal of in-
terest when (1) M is true (indicative of a detected
tower in at least M and out of » successive pulse repeti-
tion intervals) and (2) the associated (smoothed) value
of Ay for such M out of n tower detections, as the
“held” value (B) of the output of generator 43, is
greater than the time-averaged Ay (A), (or, A<B) as
to indicate the smoothed tower value as the “worst
case’” (most positive Ay value) of interest. That is to
say, the “worst” one of a time-averaged Avy clutter sig-
nal and a smoothed (M out of n) Ay tower signal is em-
ployed as a maneuver angle signal, whereby a reliable
smoothed, averaged or filtered maneuver angle signal
is provided.

i th ha haonn dagariland
Accerdlﬂg!y, iner¢ nas ocen Gescrioea a

following processor or filter which allows optimum sys-

tem use of frequency agility, signal smoothing, and ob-

stacle versus clutter statistical signal characteristics.
Although the invention has been described and illus-

trated in detail, it is to be clearly understood that the

same is by way of illustration and example only and is
not to be taken by way of limitation, the spirit and
scope of this invention being limited only by the terms
of the appended claims.

I claim:

1. In a terrain-following directionally ranging system
for airborne use, spatial filter means for detecting a dis-
crete obstacie projecting amid a general clutter back-
ground and comprising

first means responsive to a sampled received signal

output of said system for providing a time-averaged
sampled bipolar direction angle signal, averaged
over a preselected (n) number of successive system
puise repetition intervals,

second means responsive to said sampled received

signal output for providing a signal indicative of
any substantially common value occurring for at
least M samples of said sampled signal over said n
successive pulse repetition intervals, and

logic means responsive to said first and second means

for gating-on the larger of said time averaged sam-
pled signal and said substantially common value as
a warning signal of interest.

2. The device of claim 1 in which there is further in-

cluded bipolar scannable threshold means for provid-

terrain-
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ing a reference value signal, the value of which is pro-

s.ess.vely varied over the interval of each punt: rcpcu-
tion interval from a maximum valuc through null to a
minimum value, said first means being responsive
thereto for thresholding of said sampled signal output.

3. The device of ciaim 2 in which said iogic means is
responsive to the coincidence of that M state of said
second means and a state of said reference value ex-
ceeding said time averaged value for gating-on the co-
incident value of said reference value signal as a warn-
ing signal of interest.

4. The device of claim 2 in which said logic means is

Al smanms Fae v al
further responsive to said threshold means for nor umuy

gating-on said time-averaged sampled signal unless ei-
ther said reference value signal exceeds said time aver-
age signal or said M state of said second means occurs,

5. In a terrain-following directionally ranging system
adapted for airborne use, logic apparatus for improved
reliable signalling of the existence of an on-boresight
terrain obstacle of interest, comprising

first two-state signalling means responsive to a re-

ceiver signal output of said system for indicating
whether said receiver signal output is of at least a
preselected threshold level;

second two-state signalling means responsive to a tar-

get direction indicating signal output of said system
for indicating whether an on-boresight target con-
dition exists;

third two-state signalling means responsive to a sys-

tem trigger of said system for indicating a range-
time interval corresponding to that within prese-
lected minimum and maximum range distances;
and

coincidence gatine means

........... e galing mean

each of said three two-state signa lmg means fo
dicating a coincidence of the output states of sa1d
two-state signalling means.

6. The device of claim 5 in which said second means

H 1 H haracioht tneant Anmcdiel o
for indicating whether an on-boresight target condition

exists includes means for disabling said coincidence
gating means in the presence of an off-boresight target
condition resembling an on-boresight target condition.
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comprises a monopulse system of th e sum and dxffer-
ence type and in which said second two-state signalling
means comprises
fourth signalling means responsive to a monopulse
difference channel output of said ranging system

for providing an output signal indicative of the oc-
currence of a difference channel null output; and

fifth signalling means responsive to said monopulse

differenice channel output and to a monopulse sum

channel output of said system for providing an out-

put signal indicative of the occurrence of a mono-

" pulse difference channel output magnitude less
than that of said monopulse sum channel output

the’ Uulpl—ll blgﬂdlb Ul a‘uu lUUrlﬂ dnu lll[l'l slgndmng

means being fed to respective inputs of said coinci-

dence gating means.

8. In a terrain-following radar including means for

detecting a terrain profile, y(R), spatial filtering means

for providing increased discrimination of discrete ter-
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10
rain obstacles from general terrain clutter and compris-
ing
sample-and-hold means for sampling the tetrain pro-
file direction signal at a selected range (R;) over a
preselected number (#) of successive pulse repeti-
tion intervals,
signal combining means responsive to said prese-
lected number of successive samples at said se-
lected range for providing an output corresponding
to the pulse to-pu]se tlme-averaged history of the
magnitudes thereof,
scannable threshold means for providing a threshold
signal indicative of a threshold value,

erence detector means responsively coupled to

said threshold means and said signal combining .
means for providing a signal indicative of the sense
of the magnitude difference between said outputs
of said threshold means and said signal combining

meane

means,

two-state comparator means responsively coupled to
said threshold means and said sample and hold -
means for providing a first-state output indicative

of those terrain profile samples exceeding said

threshold signal,

two-state logic means responsive to said comparator
means for providing a first-state output indicative
of the occurrence of at least a preselected number
(M) of said n samples which exceed said threshold

signal,

coincidence gate means responsive to said difference
detector means and to said threshold means for
providing a first-state logic output indicative of the
coincidence of both the non-occurrence of a ter-

H rachhAld a1,
rain profile sample exceeding said threshold value

and the non-occurrence of said first-state of said
logic means, and
double-throw switch means having a control mput
responsive to the output of said coincidence gate
means for alfprnanunlu “'ec!mg a p.’edetermined
one of said outputs of sald signal combining means
and said logic means in response to a preselected
output state of said coincidence gate means.
9. In a terrain-following radar including means for
detecting a terrain profile, ¥(R), spatial filtering means

di

for provrdmg increased discrimination of discrete ter-
rain obstacles for general terrain clutter and compris-
ing
means responsive to samples of the terrain profile di-
rection signal y(R) at a selected range (R;) over a
preselected number (1) of successive pulse repeti-
tion intervals for providing a signal indicative of the
sense of the magnitude difference between a time
average of said samples and a selected threshold
value,
two-state comparator means responsive to said
threshold value and said time-averaged n samples
for providing a first-state output indicative of those
terrain profile samples exceeding said threshold
value,
logic means responsive to said comparator means for
providing a first-state output indicative of the oc-
currence of at icast a preselected number (M) of
said time-averaged n samples which exceed said
threshold value,
coincidence gate means for providing a first-state
logic output indicative of the coincidence of both
the non-occurrence of a terrain profile sampie ex-
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ceeding said threshold value and the non-
occurrence of said first-state of said logic means,
and

double-throw switch means having a control input
responsive to the coincidence of both the non-
occurrence of a terrain profile time-averaged sam-
ple exceeding said threshold value and the non-
occurrence of said first-state of said logic means for
alternatively selecting a predetermined one of said
time-averaged samples and the output of said logic
means in response to a preselected output state of
said coincidence E‘II.C mcarns.

10. In a terrain-following radar including means for

detecting a terrain profile, y(R), spatial filtering means

for providing increased discrimination of discrete ter-

rain obstacles from general terrain clutter and compris-

ing

means responsive to samples of the terrain profile di-
rection signal y(R) at a selected range (R;) over a
preselected number (n) of successive pulse repeti-
tion intervals for providing a signal indicative of the
sense of the magnitude difference between a time
average of said samples and a selected threshold
value,

logic means for providing a first-state output indica-
tive of the occurrence of at least a preselected
number (M) of said time-averaged n samples which
exceed said threshold value,

coincidence gate means for providing a first-state
logic output indicative of the coincidence of both
the non-occurrence of a terrain profile sample ex-
ceeding said threshold value and the non-
occurrence of said first-state of said logic means,
and

A o~ oy , ~bl Anema o n Aaad
double-throw switch means Alav1115 a control ulpuL

responsive to the coincidence of both the non-
occurrence of a terrain profile time-averaged sam-
ple exceeding said threshold value and the non-

occurrence of said first-state of said logic means for
alternatively selecting a nrpdptprmlnpd one of said

time- averaged sample and said output of said logic

means in response to a preselected output state of

said coincidence gate means.
11. The device of claim 10 in which said terrain-
following radar is of the frequency agility type transmit-
ting a different one of n discrete frequencies upon each
of n successive pulse repetition intervals, correspond-
ing to the period over which said samples are time-
averaged.
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12. The device of clairh 10 in which said selected
threshoid value is a progressively varying one over a
pulse repetition interval, varying from a maximum posi-
tive value through a null to a maximum negative value.

13. The device of claim 10 in which said terrain-
foliowing radar is of the frequency agility type transmit-
ting a different one of n discrete frequencies upon each
of n successive pulse repetition intervals, correspond-
ing to the period over which said samples are time-
averaged and in which said selected threshold value is
a progressively varying one over a pulse repetition in-
terval, varying from a maximum positive value through
a null to a maximum negative value.

. The device of claim 10 in which said double-

throw switch means selects said time- averaged sample

Tt ~F caid
in response to an output state of said coincidence of

both non-occurrence of a terrain time-averaged sample
exceeding said threshold value and the non-occurrence
of at least a preselected number (M) of said n
time-averaged samples.

15. In a terrain-following radar including means for
detecting a terrain profile, y(R), spatial filtering means
for providing increased discrimination of discrete ter-
rain obstacles from general terrain clutter and compris-
ing
means responsive to samples of the terrain profile di

rection sxgnal v(R) at a selected range (R;) over a

preselected number (n) of successive pulse repeti-

tion intervals for providing a signal indicative of the
sense of the magnitude difference between a time
average of said samples and a selected threshold
value,

logic means for providing a first-state output indica-
tive of the occurrence of at least a preselected
number (M) of said time-averaged n samples which
exceed said threshold value, and

alternative output gating means having a two-state
logic control input responsive in a first state to the
ceincidence of both the non-occurrence of a time-
averaged sample exceeding said threshold value
and the non-occurrence of at least a preselected

number (M) of time-averaged samples of said n

successive time-averaged samples which exceed

said threshold value for gating-on said time-
averaged sample, said threshold value being alter-
natively gated-out in an alternative second state of
said logic control input.
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