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1
DRONE GUIDANCE SYSTEM AND METHOD

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation-in-part application
of co-pending application Ser. No. 592,532, filed Nov.
7, 1966 for DIRECT GRADIENT CORRELATION
APPARATUS now issued to U.S. Pat. No. 3,609,762
granted, Sept. 28, 1971.

BACKGROUND OF THE INVENTION

This invention relates to guidance systems and more
particularly to automatic guidance and control of pilot-
less aircraft or ““drones”. The invention utilizes the
teachings of the referenced patent wherein a system for
correlating a radar image with a reference image using
a technique of line map matching is disclosed. The line
map matching technigue provides a reading of the off-
set signal directly from the dynamic match curve and
outputs a pulse sequence representing a multilevel slic-
ing of the line video display. The direct gradient map
matching technique is applicable to both radar and op-
tical systems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 generally illustrates a typical drone guidance
pattern;

FIG. 2 is a diagrammatic illustration of th
tion flow in one embodiment of the invention;

FIG. 3 illustrates the drone heading angle;

FIG. 4 illustrates the drone antenna beam sector,

FIG. 5 shows apparatus for converting the reference
map io puise train signals;

FIG. 6 is a schematic of the pulse generation process;
and

FIG. 6a shows an alternate embodiment of the pulse
generation process shown in FIG. 6.

s o
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings, FIG. 1 illustrates a typical
situation wherein it is desired to guide an unmanned
aircraft, or “drone”, 10 over an area A; occupied by
enemy forces. The drone 10 originates from a ground-
control-station 12 located in area Ay, occupied by
friendly forces, and is remote-control guided over the
desired flightpath 14 to gather intelligence and subse-
quently return to its control station 12.

The invention assumes that high resolution radar and
topographic reference maps are available to an ob-
server in the ground-control-station 12 wherein the ob-
server monitors the drone’s flight over the intended
path 14, The position of the drone is based upon a pair
of line radar maps L,-L, derived from the radar refer-
ence map according to the direct-gradient-range-only
technique described in applicants U.S. patent No.
3,609,762, issued Sept. 28, 1971.

According to the teachings of the reference patent,
the derivation of the line map for a given fixed point P
and drone antenna direction requires that the antenna
beam sector PA; Ay, illustrated in FIG. 4, is outlined on
the radar reference map and properly positioned and
oriented. The local map brightness M(o,8) is multi-
plied by the known horizontal beam pattern b(8) of the

alane aunnacciva
ai10nig SuCilSaive

antenna and integraiion carried out
arcs of the sector. The result is the line map
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FIGS. §, 6, and 6a illustrate methods of implementing
this operation, however, other mecthods will become
obvious to persons skilled in the art and therefore it is
not appiicant’s intent to be limited thereto or thereby.

Referring to FIG. 5, a reference map converter is
shown generally at 15 wherein an opaque mask 16 is
positioned in close parallel plane proximity to the sur-
face of the radar reference map display 18. The mask
has two apertures 20 and 22 each covered by a neutral
density filter_whose transparency varies with azimuth
according to the antenna beam pattern b(8). The light
of a flying spot scanner 24 is focused on the plane of
the mask 16 by a focusing lens 26. By feeding currents
of the general form

1, = (K, + kt) sinot
I, = (K, t+ kt) coswt
w>>k

into the deflection coils of the scanner 24, the light spot
is forced to describe a tight helix through the neutral
density filter and the reference map 18. Thus, under
the condition w>>k, the scan is practically circular
with an expanding radius o=K, + ki where 0 << T
and traverses the arcs of the apertures 20 and 22. Obvi-
ously, oy = Ko and o7=Ko + kT are the near and far
ranges of the line maps.

The light emerging from each aperture 20 and 22 is
focused via lenses 26a and 26b and coiiected in photo-
multipliers 282 and 28b where it is converted into a
voltage and subsequently sent to amplifier and pulse
generator circuits 29a and 29b. The amplifiers, having
transfer functions of the form g(s)=A/1+ss will cause
the output to be proportional to the map L(o") provided
the time constant 7 satisfies the condition
1/K>>7>>1/w. According to the requisites of the di-
rect gradient technique described in the referenced pa-
tent, one complete scan is used to establish the average
level L of each line map L(o) = L(K, + ki),

- 17
L=—f L(Ko+kt)dt
TJo

The fi a second identical scan

0

during which the map L (o) is compared to T and the
crossings of L by L (o) are determined. The crossings
are the locations o of the pulses of the pulse trains for
each line map L, and L,. FIG. 6 clearly illustrates the
basic schematic of the pulse generating process where
the waveforms for the appropriate locations are shown
and identified.

Alternately, a single-scan mode may be employed,
illustrated in FIG. 6A, whercin the signal 1.(o) is fed
into a high-pass filter that removes the low frequency

a
i a

The first scan

n Hlowed by

components including L before it is sent Lo the pulse
generating stages of the circuit. This mode has the ad-
vantage of reducing the radiation time in haif and
hence detection and jamming is more difficult.

Now with reference to FIG. 2 and the implementa-

tion of direct-gradient map matching to drone guid-
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ance. A drone aircraft 10, flying over enemy territory
A has an onboard radar 30 that illuminates the terrain
below with two substantially orthogonal radar beams
R, and R,. This may be accomplished using separate
antennas or electronic beam switching techniques all in

a manner known to persons skilled in the art.

The ““live” radar imagery is sent via line 32 to a map
matcher 34 that also receives pulse train signals 36 via
a data link 38, which signals originated at the control

station reference map converter 15 as herebefore de-
scribed with reference to FIG. 5. For the purpose of
this description the map matcher 34 is shown onboard
the drone, however, it may as well be located at the
control station or else as part of equipment onboard a
“mother” aircraft that functions as the control station.

The map matcher 34 correlates the live radar return
with the reference map according to the teachings of

applicants patent and outputs a signal proportional to

the x, y offsets of the drone’s position from desired
fixed points p; . . . p; along the flight path. This signal
is fed to the actuators of the drone’s control surfaces
and is also transmitted via the data link 38 to the con-
trol station 12. In addition, the outputs of the drone’s
altimeter and heating indicator are sent to the control
station via the same data link 38.

The control station 12 provides a signal processor 40
that receives the drone’s positional information, ie. x,y
offsets, heading, aititude etc. from the data link 38. On
the bas:s of this information, the processor controls the
positions of two cursors C, and C, via line 42 & 44 re-
spectively, that follow the desired flight path 14 of the
drone, which path is marked on a radar reference map
46 and a topographic map 48. The processor also feeds
the positional information to an observer’s console 50.
The radar reference and topographic maps 46 and 48
are displayed in a manner such that an observer 52 may
monitor the flight of the drone, and in fact, fly the
drone aircraft over any other desired flightpath 14a.

As illustrated in FIG. 2, a number of fixed points P,,

H £ Aiat nlam~
P, ... P; are shown representative of distances along

thepath 14 and at which points the map converter 15
produces pulse train signals indicative of the radar line
maps L, and L,, and which signals are sent via the data
link 38 to the map matcher 34, As herebefore men-

ha ahcarva
tioned, the observer

52 may desire to change the
drone’s flight path 14 to a new path 14a based upon
other-source intelligence. This may be accomplished
by repositioning the cursor C, via line 54 to a new fixed
point Py which also moves the cursor C, to a corre-
sponding point on the radar reference map. A new ref-
erence map pulse train 36 will be generated and sent to
the drone and a new set of offsets determined to bring
the drone to its new course.

The observer has various options which he may exer-
cise and which pl“O’v’iut. a prbblbc control of the drone.
First, he may initiate generation of a new pulse train via
line 56 at any time during the flight. For example, he
may wish to update the map generation at shorter or
longer intervals. Secondly, he may change course by
repositioning the cursor C; at a new fixed point P’
Third, he may transmit control signals indicated at 58
which may include operation of auxillary equipment
onboard the drone. And finally, he may switch to a map
bank 60 that contains prestored pulse train signals for
the points P,—P, These presiored puise maps were
made in the course of prior flights and storcd for later
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use to climinate the need for generating new maps each
time.
Althouch the in

with re;;::;t to a“rad ar system, it may be implemented
with respect to an optical system that provldes an out-
put based on line map correiation. Such an opiticai sys-
tem is described in applicant’s copending application
entitled, “DIRECT GRADIENT OPTICAL IMAGE
CORRELATION SYSTEM" and identified by Ser. No.
148,359 and filed June 1, 1971.

While in accordance with the Patent statute one best

known embodiment of the invention is illustrated and
described,

Aocers LN

wention is ill d and described

ana

ha 1
it is not intended that the invention be lim-

ited thereto or thereby, but that the (inventive scope is
given in the appended claims.

What is claimed is:

1. A drone guidance system comprising

a. means to pl‘OVIuc blgﬁ&is indicative of grounu
scene imagery;

b. reference scene means;

c. means operatively connected to the reference
scene means to provide voltage pulse train signals
indicative of the drone position on the reference
scene means;

d. means operatively connected to and ar‘(_‘eptmg sig-
nals from the means providing the ground scene
imagery and the means providing the pulse train
signals to compare said'signals and output error sig-
nals indicative of the correlation offset between the

two scenes; and -

e. means operatively connected to accept the error
signals to provide control signals to the drone.

2. The guidance system of claim 1 wherein the means

providing signals indicative of the ground scene imag-

ot o .
ery comprises a radar providing two orthogonal radar

returns along the flight path of the drone.

3. The guidance system of claim 1 wherein the refer-
ence scene means comprises a high resolution radar
map display :

4. The guidance system of claim 3 wherein the refer-
ence scene means further comprises:

a. a topographic map display; and

b. means to provide an indication of the flightpath of
the drone and its posmon along said flightpath on
the radar and topographic map dlSplays

5. The guidance system of claim 1 wherein the refer-
ence scene means comprises a radar map transparency
and the means prowdmg a voltage pulse train com-
prises:

a. an opaque mask positioned in parailel plane rela-
tionship to the radar map transparency and having
two radial and orthogonal apertures therethrough,
said apertures covered by a neutral density filter
whose transparency varies with azimuth;

b. first focusing lens means,

c. a flying spot scanner providing a light source that
is focused on the opaque mask by the first focusing
means such that the llght scan is substantially circu-
lar and having an expanding radius and traverses
the arcs of the mask apertures;

d. second focusing means accepting the light scan
emitted from the radar map transparency to focus

radai VISASPAiICnCY O IoCus

said light into a line map dlsplay for each aperture;

e. photomultiplier means accepting the line map dis-
plays to provide an output voltage signal represen-
tative of said line maps; and



each line map.

6. The guidance system according to claim 1 wherein
optical imaging means provides signals indicative of
ground scene imagery and the reference scene means
comprises a high resolution photograph.

7. Apparatus to guide the flight of a drone aircraft via
a data link from a remote control station and under the
continuous control of an operator, said apparatus com-
prising:

a. means onboard the drone to provide signals indica-

tive of ground the drone flicht

uve vi sluuu acry ﬂl““ sanhe R22R72IL 23D

ne imagery along

cen
path;

b. reference scene means at the control station to re-
ceive position signals from the drone via the data
link to provide a visual indication of the drone’s po-
sition to the operator;

c. converter means operatively connected to the ref-
erence scene means to provide an output voltage
pulse train signal indicative of a line video display
on the reference scene;

d. matching means operatively connecied to receive
the signals indicative of ground scene imagery and
the pulse train signal indicative of the line video
display to provide correlation of the two scenes and
output signals indicative of the x, y offsets from a
fixed point along the flight path,

said offset signals transmitted to the reference scene
means to move indicators of the drones position on the

- reference such that the operator may apply steering sig-
nals to the drones control surfaces via the data link in

5
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response to the offset from a fixed reference along the -

flight path.
" 8. Apparatus according to claim 7
providing signals indicative of the ground scene imag-
ery is a radar providing returns from two orthogonal
radar beams along the flightpath.

9. Apparatus according to claim 7 wherein the refer-
ence scene means comprises:

a. a topographic map display;

b. a radar map display; and

c. means providing an indication of the flightpath and

position of the drone on the displays.

10. Apparatus according to claim 7 wherein optical

imaging means provides signals indicative of ground

scene imagery and the reference scene means includes
a high resolution photograph of the drone flightpath.

11. Apparatus for guiding a drone aircraft having
electronically actuated steering controls from a remote
control station via a communications data link, the ap-
paratus Compt ming:

a. an onboard radar to provide output signals for or-
thogonal x and y line map present scene imagery of
the terrain over which said drone is flying;

b. a radar reference map of the terrain over which

e fa Fluing haui i indi
is flying, having fixed points indicated

thereon of the drone flightpath;

¢. converter means to convert the radar reference
map at cach fixed point into pulse train signals in-
dicative of orthogonal x and y line map video dis-
piays wherein the crossing of the two line maps is
indicative of the drones position.

d. matching means accepting the output signals of the
onboard radar and the pulse train signals from the
jconverter means to provide output error signals in-
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6

dicative of the x and y offsets from the fixed points
on the reference scene;

¢. control means accepting the error signals from the
matching means to provide a visual indication of
the drones position on the radar reference map and
to output steering signals to the drone via the data
link.

12. The apparatus of claim 11 wherein the control

station means COmMprises:

a. a control panel;

b. signal processor means accepting flight positional
information signals from the drone via the data link
to provide positional displays to the control panel
so that an operator may transmit steering control
signals back to the drone in response to the posi-
tional information.

13. A method of flying a drone aircraft from a remote
control station and under continuous control of an op-
Cratiur LUINPIIDINE uiv Stvps V.

a. providing an onboard radar to obtain signals indic-
ative of the ground scene imagery of two orthogo-
nal radar beams along the drone flightpath;

b. providing a radar reference transparency at the
control station having thereon the desired flight-
path and a cursor indicator showing the position of
the drone along fixed points on the flightpath;

c. converting the radar reference transparency into
two pulse train signals indicative of two line video
displays at the fixed points along the drone’s flight
path;

d. matching the onboard radar signals indicative of
the ground scene imagery with the radar reference
signals indicative of the line video display in a di-
rect-gradient correlator to obtain x and y error sig-
nals indicative of the offsets from the fixed points
along the flightpath;

. applying the error signals to the cursor indicator o
the radar reference to provide a visual indication of
the drones position along the flightpath; and

. transmitting steeting signals to the drone controls
in accordance with the position offset from the
fixed poinis along the. flightpath indicated on the
reference transparency.

14. The method of claim 13 further providing a topo-
graphical map display in conjunction with the radar ref-
erence transparency and having thereon a cursor indi-
cator showing the drones position along the flightpath,
said cursor coupled to the cursor indicator on the radar
reference transparency and to the operator control sta-
tion such that a change in either cursor position is
transmitted to the other cursor and a new set of pulse
train signals are provided to be matched against the po-
sition given by the onboard radar.

15. A method of flying a drone aircraft comprising
the steps of:

a. providing an onboard radar to obtain signals indic-
ative of the ground scene imagery of two orthogo-
nal radar beams along the drone flightpath;

b. providing a map bank of prestored pulse train sig-
nals for x and y coordinates at fixed
the drone flightpath;

¢. combining the signals indicative of the ground
scene imagery with the prestored pulse train signals
in an electronic direct gradient correlator to obtain

x and y error signals indicative of the offset from

the fixed points along the flightpath; and
d. applying the error signals to the drone steering
controls.
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