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(571 ABSTRACT

An aircraft navigation system has a digital map store of
terrain features or man-made features in the region over
which the aircraft is ﬂying Infra-red television cameras
view the SuffOunuu‘lg of the aircraft. Their outputs are
supplied to processors in which the camera outputs are
compared with a library of features transformed ac-
cording to the camera viewing angle. Information about
those features identified is supplied to a correlator
which correlates the features against the map store to
identify their location in the map and estimates the
aircraft position as an output to a navigation computer.
The system also indicates aircraft attitude which may be
independent of known-features, from observation of the
horizon. Position information can also be provided by
dead reckoning from a known initial position by moni-
tnnnu the r‘hanoe in nnuﬂnnﬂl rPl;nlnn(hn'\ of a feature

from the initial position to that at a later position.

14 Claims, 3 Drawing Sheets
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1
NAVIGATION SYSTEMS

n relates to vehicle navigation
Itis desxrable in many vehicles to be aware of currem
position as signified on a map to the best attainable
degree of accuracy. In most systems, and in particular in

aircraft, it is also desirable to be able to measure some if

as of orthooconal motion and orienta-

not all on
cur s 01 eringgona: molicn anG onenta-

not all current valu
tion.

Preferably, current position and orientation measures
are derived without reliance on cooperative external
agencies such as navigation beacons. Independence of
such agencies frees the vehicles from the risk of perfor-
mance degradation in the event of accidental interrup-
tion or deliberate damage or distortion of their services.

Preferably, the means of measurement empioyed by
any such vehicular navigation or orientation system is
passive in respect of the non-emission of signals which
would be detectable beyond the vehicle. Many such
systems would thence be able to work in close proxim-
ity without interference or limits on numbers. In mili-
tary operations, such systems would also be able to
navigate without risk of detection.

It is known for manned vehicles to carry maps
whereby crewmen may, by visual observation, judge

current nosition, It is also known for both manned and
current posiion. at 1S aisC Xnown I0r °0in manned and

unmanned vehicles to carry inertial navigation systems
where current position may be derived by performing
mathematics on the aggregation of all accelerations
experienced since a last position known by some other
means. Such inertial navigation systems, however, inex-
orably accumulate an unquantlﬁable positional error
over time.

The inertiai reference elements of such systems are
also known to provide a measure of the vehicles' cur-
rent orientation by comparison with a known reference,
which may be pendular for vertical orientation and a
magnetic compass for direction.

ll lh KHUV\H lUf some VCﬂlLICb 10 Ldl'ry blClldl' ﬂdvlgd"

tion systems wherein, by multiple telescopic detections-

of stars and by reference to an atlas of their immutable
apparent relative positions, the orientation of the vehi-
cle in space can be computed. Measuremem of the in-

lanal FEarth'e vartical tha ctalla
stantancous 10Ca: rartn's veriicai in the stelar apuclk.,

combined with knowledge of the Earth’s rotation rate
within that sphere then enables identification of the
position of that local vertical on a map to within the
accuracy of the measurement devices employed. Such

svstems are constrained by being onlv useable when

sysiems consiiaineld oy °oClng Oy uscalic wakh

starlight is not obscured and hence, if uninterruptible
availability is required, tend to be employed only on
high-altitude airborne vehicles or missiles.

It is also known for aircraft to employ active ranging
devices, such as radars, to accumulate data on the
ground over which they are passing and automatically
to compare this data with the pre-stored terrain maps of
the ground surface in search of that best-fit mathemati-
cal correlation which probabilistically describes their
present position.

It is also known for computerized image processing
systems receiving serial digitized inputs of matrix detec-
tions from imaging sensors to ideniify automatically
objects viewed by the sensor, such asin GB 2206270A.
The input information may be one or more frames of
video imagery, digitized or otherwise. The information
characterizing the object sought is assumed embedded
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in the serial input data and may be recognized by com-
putational processing with reference to a digital library
of such characterizing information.

It is also known that, where the angle subtended by
the image of an object so recognized is measurable, and
where the real size of that object perpendicular to the
direction of viewing is also known by virtue of prior
information, then its range or distance from the viewing
sensor may be directly calculated, see GB 2228642A.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to enable the
present position of a vehicle to be measured automati-
cally without the cooperation of external agencies and
without the emission of electromagnetic radiation.

According to one aspect of the present invention
there is provided a vehicle navigation system including
passive imaging sensor means arranged to view the
surroundings of the vehicle and to provide an output in
accordance therewith, a digital map store of the region
in which the vehicle is moving, the map store contam-
ing information as to the location of individual features
in the region, and the system including means for identi-
fying the presence of the features in the field of view of
the sensor means, and means for identifying the position
of the vehicle from the location of the features in the
field of view of the sensor means and the location of the
features in the region as determined by the map store
and for providing a position output in accordance there-
with,

The features may include terrain features and man-
made features. The map store may contain information
in plan as to the location of the features, the system
performing a transformation in perspective according
to the viewing angle of the sensor means.

The system may include a scan controller for the
sensor means, the system transforming the map store in
accordance with an output from the scan controller and
knowledge of vehicle attitude.

The navigation system nrﬁff-rahlv includes means for
entering to the system mformanon as to an initial posi-
tion of the vehicle when the vehicle is at a known posi-
tion, the system being arranged to update the position of
the vehicle from the known position in accordance with
the output of the sensor means.

According to another aspect of the present invention
there is provided a vehicle navigation system including
passive imaging sensor means arranged to view the
surroundings of the vehicle and to provide an output in
accordance therewith, means for entering information
of an initial position of the vehicle, means for monitor-
ing the change in positional relationship of the vehicle
with respect to a feature in the field of view of the
imaging sensor means from the initial position to a later
position, and means for estimating the later position by
dead reckoning from the initial position and the change
in positional relationship.

The means for entering information as to ihe initial
position may be manual means.

The sensor means preferably include a plurality of
sensors. The sensors may be mounted to view respec-
tive different parts of the surroundings of the vehicle.
The sensors may be of differeni kinds. The sensor means
may include a television camera which may be an infra-
red camera.

The system may be arranged to derive an indication
of the rate of change of viewing angle of a feature, the
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system being arranged to utilize the indication in identi-
fying the position of the vehicle. The system may be
arranged to derive an indication of the rate of change of
viewing angle of a feature, and the system being ar-
ranged to provided an indication of vehicle motion in
accordance therewith.

The system may include horizon detector means, the
horizon deiecior means ucurg drrdngeu io pruvxuc an
output representative of the attitude of the aircraft rela-
tive to the horizon.

In an aircraft, the system may be arranged to provide
an indication of roll of the aircraft by monitoring
changes in the angular position of the horizon to the
side of the aircraft. Similarly, the system may provide
indication of the pitch of the aircraft by monitoring
changes in the angular position of the horizon fore or aft
of the aircraft.

The system may be arranged to identify a feature
absent from the map store but which complies with
rules delineating shaped features, the system deriving an
indication of the rate of change of viewing angle of the
feature, and the system providing an indication of vehi-
cle motion in accordance therewith. The system may
include an inertial navigation system, the position out-
put being supplied to the inertial navigation system to
update information in the inertial navigation system.
The system may be arranged to provide an output in
respect of vehicle movement relative to the ground, the
system including an air data sysiem arranged to provide
an output indicative of the vehicle movement relative to
the air, and the navigation system being arranged to
provide an output indicative of wind speed and direc-
tion in accordance with the difference between the
ground movement output and the air movement output.
The air data system may provide an output representa-
tive of air speed, and the system being arranged to pro-
vide an output indicative of height of the aircraft from
the angular rate of displacement of a ground feature
relative to the aircraft.

According to a further aspect of the pre

\ccordin to a further aspect of the preser
there is provided a method of navigating a vehicle in-
cluding the steps of establishing a digital map store of
the region in which the vehicle will be moving contain-
ing information as to the location of individual features
in the region, viewing the surroundings of the vehicle
with passive imaging sensor means and providing an
output in accordance therewith, identifying in the field
of view of the sensor means a feature present in the map
store, determining the position of the vehicle from the

location of the features in the field of view of the sensor

means and the location of the features in the region as
determined by the map store, and providing an output
representative of the position of the vehicle in accor-
dance therewith.

sent inventio

-]

athar o

According to vat an aSpeCl o

ACCOrGIng 1o yet anotner 1

tion there is provided a method of navxgatmg a vehicle
including the steps of viewing the surroundings of a
vehicle with passive imaging sensor means and provid-
ing an output in accordance therewith, entering infor-
mation of the initial position of the vehicle, monitoring
the change in positional relationship of the vehicle with
respect to a feature in the field of view of the sensor
means from the initial position to a later position. and
estimating the later position by dead reckoning from the
initial position and said change in positional relation-
ship.
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A passive navigation system in accordance with the
present invention will now be described, by way of

example, with reference to the acc

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an aircraft including

the system;
FIG, 2 is a side view of the aircraft:

FIG. 3 illustrates schematically th
the system.

FIG. 4A and 4B are plan views of the aircraft at
different times;

FIG. 5 is a plan view of the aircraft; and

FIG. 6 is a side view of the aircraft at two different
times.

With reference first to FIGS. 1 to 3, the navigation
system is mounted in an aircraft P and includes three
imaging sensors 1 to 3, in the form of infra-red television
cameras, which are mounted on scanning mounts to
view the ground below the aircraft. More particularly,
sensor 1 views the ground to port and forwardly of the
aircraft, sensor 2 views the ground to starboard and
forwardly of the aircraft and sensor 3 views the ground
below the aircraft. As shown in FIGS. 1 and 2, the
camera 1 will see, during parts of its scan, the features C

o A Ao e 2eell nnn tlen Lacdecano ) o ~ 1Y ___ 1
and D. The camera 2 will see the features E to H and

ino dAraunno
ccompanying drawings.

construction of

"the camera 3 will see the region bounded by the points

A and B. Scanning of the cameras 1 to 3 is controlled by
a common scan controller 4 which supplies signals to
the cameras via lines 5 to 7 respectively. The sensors 1

¢ kvt 14 ha Atha
to 3 need not be television cameras but could be other

imaging sensors such as imaging radiometers, sonar
arrays, other visual, ultra-violet, or infra-red sensors,
slaring arrays, COSmicC Or gamma ray sensors.

The output of each camera 1 to 3 is supplied via a
respective cable 11 to 13 in serial digitized form to a
respective image processor 21 to 23. Each processor 21
to 23 also receives input signals from an image library or
store 24 via lines 25 to 27. The store 24 contains a li-
brary of the shapes of different features likely to be seen
by the cameras 1 to 3, such as buildings, roads, trees,
lakes, hills and the like. In general, the library will be
unique toa particular region being flown over allhough
some shapes may be common to different regions. The
store 24 receives input signals on line 28 representative
of the viewing angle of the cameras. The viewing angle
is determined directly from knowledge of the aircraft
attitude (as derived at a later stage in the system) and
from knowledge of the scan angles of the cameras on
the airframe. The image library 24 transforms the stored
images according to the viewing angle information so
that the outputs on lines 25 to 27 correspond to the
perspective as seen by each camera. The image proces-

af tha Lind Ada
sors 21 to 23 may include processors of the kind de-

scribed in patent application GB 2206270A.

Each processor 21 to 23 provides six sets of output
signals on lines 211 to 216, 221 to 226 and 231 to 236
respectlvcly The outputs on lines 211, 221 and 231 are

nates of anv features of the

O any caturcs ne

image llbrary 24 identified by the respective cameras 1,
2 or 3. This information is supplied to a map correlator
30 which also receives an input from a digital map store
31 contammg information as to the region over which
the aircraft is flying and which includes location infor-
mation regardmg the features contained in the image
library 24. The map store 31 also provides an output via
line 32 to control operation of the scan controller 4 so
that scan of the cameras can be concentrated on regions
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rrrhuﬂaf interest, that is, regions containing features
of the kind in the image library.

The map correlator 30 correlates the digital map data
with information on lines 211, 221 and 231 to identify
the location of features received by the cameras in rela-
tion to the digiial map and hence f)l‘vauc an estimate of
the position of the aircraft which is supplied via line 33
to a navigation computer 40. Where the features are
located on the ground, or other reference surface, the
topographical characteristics of which are contained in
the map store 31, then, provided the position and height
of the camera above the ground and the depression
angle of the feature relative to the camera are known,
the range to the feature can be calculated by trigonome-
try, as described in GB 2228642A.

The second output from each im rocessing unit
21to 23 is supplled via lines 212, 222 and 232 respec-
tively to a new image memory 50. The second output
provides information as to the presence and location of
selected features within the field of view of the respec-
tive camera which do not correlate with any feature in

the image library 24 but which comply with rules delin-
eating shaped features. Such features may be, for exam-
ple, patches of vegetation, clouds or wind effects on
water (waves or the like). Such features may be slowly
changing their position or shape over time or as a func-
tion of varying viewing angles from the aircraft. How-
ever, provided this distance is sufficiently great, or their
rate of change of position or shape is sufficiently smali
compared with the sequential viewing intervals of the
system, the objects will be re-identifiable in sequential
viewing frames and their change of apparent viewing
angle will be measurable and amenable to processing
inio vehicle angular rate and velocity parameters.
These non map-correlated features can be used to esti-
mate angular rate and velocity information from the
calculated change of position data when insufficient
sensor information is available for direct calculation of
those parameters, such as when a single map-referenced
feature is in view but insufficient numbers of widely
disposed features can be seen to solve the ambiguous
calculation of six-axis motion.

The second output from the image processing units

3 1 atinn alnnt ths lacatian ~AfF
21 1o 23 could include information about the location of

possible weapon targets or threats. These may be identi-
fied by comparison with the digital map store 31, the
presence of a feature in the field of view of the camera
but not present in the map store being taken as an indi-

cation that the feature is of a transient nature apd there-

fore, a possible threat or target. Alternatively, specific
features in the image library 24 can be labelled as of
seiected interest and when such a feature is seen by the
cameras, information regarding it is supplied to the new
image memory 50. The memory 50 is coupled to a range
calculator 51 which is arranged to calculate the range of
the identified, selected features and provide an output
accordingly on line 52 which may, for example, be
supplied to weapon-aiming equipment (not shown).
Range could be calculated from knowledge of the real
size of the identified feature when subject to trigono-
metric calculation with reference to the angle sub-
tended u) its lllldEC as measiired v‘y’ image pfOCESSOfS 21
to 13. Further details of such a system are given in GB
2228642A.

The system includes a horizon detector 80 which
receives input signals on lines 215, 225 and 235 from the
image processors 21 to 23 and constantly derives an

indication of the local earth’s vertical by recognition of

Q
)
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the all-around earth’s horizon. The aircraft's cameras 1
to 3 are preferably able to view nearly simultaneously in
multiple directions approximating to the horizontal, and
preferably in multiple parts of the electromagnetic spec-
trum, such as the ultraviolet. They also preferably can
discriminate ambient radiation polarization effects. The
image processors 21 to 23 cause the scan controller 4 to
scan the cameras 1 to 3 to search for the linear image of
the planetary-atmosphere junction at the horizon.
While this junction is ill-defined at a single viewing
Up]‘poﬁdﬁiiy, all-round muulspc‘:cf.f&l observations pro-
cessed between multiple sequential images which are
then subjected to image-sharpening processing are ca-
pable of yielding a defined instantaneous mean horizon,
by day or by night, and irrespective of cloud. The in-

vtrirnal safar. n ho Adafinad fon
stantanecus local vertical reference can be defined {rom

this by geometry. The instantaneous local vertical refer-
ence has many applications in vehicles, particularly in
aircraft flying in non-visual conditions.

The output of the horizon detector 80 is supplied on

line 71 as a vertical reference to an attitude correlator

70. Alternatively, the vertical reference may be pro-
vided by a vertical reference gyro 83 or by an inertial
navigation system 62; the gyro 83 could be a component
of the inertial navigation system. The output of the
vertical reference gyro 83 is also supplied to the integra-
tor 85 which mtegratcs its output with that of the hon-
zon detector 80 to provide an output to a display 86, or
other utilization device, indicative of attitude. The atti-
tude correlator 70 also receives signals on lines 214, 224
and 234 from the image processors 21 to 23 representa-
tive of angular rate-of-change; this includes image dis-
placement information caused by angular motion as
well as linear motion. The correlator 73 performs caicu-
lations on this information to deduce which is caused by
angular motion and which is caused by linear motion.
For example, with reference to FIG. 4A, the aircraft is
initially located midway between two objects A and
Bjon a heading Hy. At a time interval T later, the air-
craft position is shown by FIG. 4B, at which the object
A> has receded by x¢ horizontally whereas the other
object Bz has receded by y° horizontally. By calcula-
tion, this demonstrates a uniform displacement due to
angular velocity V2={x+y)/2 disturbed by a change of
the aircraft heading from Hj to H; through a yaw angle
of Yo=x—y, that is, a yaw rate Y=Y/T deg/sec. The
range of the object, as derived by the range calculator
51, the image library 24, the map correlator 30 and the

navigation computer 40, will affect the degree to which

its displacement is caused by angular rather than linear
motion. The greater the range, the more will its dis-
placement be caused by angular rather than linear mo-
tion. The angular rate information is in three axes which
may be either relative to the aircraft axes; in vaw, pitch
and roll, or relative to external axes relative to the verti-
cal reference. This information is supplied via line 72 to
the inertial navigation system 62 and via line 74 and an
integrator 75 to give a display 76 of yaw, pitch and roll
rate. A separate display 96 could also be provided of
pitch and roll attitude. The information supplied to the
INS 62 is used to correct its accumulating errors which
provides an ouipui on line 74 to the mtegrator 75 so that
the separately derived attitude information is combined
to give a better indication than would be possible using
only one set of information. .

The attitude correlator 70 also provides an output to
an own motion filter 64 the purpose of which isto tell a
velocity correlator 60 which displacements are caused
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by angular rates. The velocity correlator 60 also re-
ceives corroborative barometric altitude information
from an airdata system 61, via line 67, and image dis-
placement rate data from the image processor 21 to 23,
via lines 213, 223 and 233. The velocity correlator 60
periorms caiculations on those image displacements not
caused by angular rates, which must be caused by linear
motion, to provide an output representative of three
axis velocities.

For example, and with reference to FIG. §, there is
shown the object A after removal of the rotation ef-
fects. The viewing angle to the object changes through
Drin a time interval of T, where its range at first obser-
vation was R and at last observation was Rj. The ve-
locity V is, therefore, given by V=T-(R12+R;,2—
Ri Rz cos D)i. Greatest accuracy will be achieved if
nearby objects are chosen because of the greater angle
D of displacement.

The output from the velocity correlator 60 is supplied
to the INS 62, via line 63 to correct its accumulating
errors. An output is aiso provided to an integrator 65
which, as with the integrator 75, integrates the velocity
information directly from the correlator 60 with the
same information derived from the INS 62 and provides
a display output 66.

The velocity information provided in this way is
ground speed data. The information provided by the
aircraft’s air data system 61 is, by contrast, representa-
tive of relative air velocity. The air data system 61 is
arranged to determine the difference between this, the
heading information being derived by the navigation
computer 40 and the ground speed data from the corre-
lator 60, to derive an indication of wind speed and di-
rection which may be provided as a separate output (not
shown) to a flight management system or the INS 62.
Where the system is being used on a landing approach,
such as for blind landing coupled to an imaging system,
this output is also a three-axis windshear detector.

The system also includes a height finder unit 90
which receives information from the processors 21 to 23
via lines 216, 226 and 236. Although height can be cal-
culated trigonometrically where a map-correlated ob-
ject is located, the height finder unit 90 comes into
operation where no map-correlated object is identified,
that is, where distance from the object is unknown. The
height finder 99, as shown in FIG. 6, relies on compari-
son of the angular rate of displacement to any object A
which is identified as being on the ground. This, to-
gether with an indication of air speed derived from the
air data system 61 and corrected for the last known
wind speed, will yieid height H, from the following
equation:

H=L cosn. cosm (sin (n+m)~!

where

m is the first viewing angle of the object A;

n is the second viewing; and

L is the distance travelled between the two viewings.

The accuracy with which the height can be calcu-
lated is greater closer to the ground fora EJ‘V\_H distance
of travel L. This height information is provided by the
unit 90 to a height display 47, via the navigation com-
puter 40 or other utilization device, such as a Terrain
Referenced System used by low-level military strike

R T Te s
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the map position of the aircraft and the ground eleva-
tion at that location.

The navigation computer 40 receives inputs from the
map correlator 30, a magnetic compass 91, the velocity
correlator 60, the inertial navigation system 62, and a
manual entry panei $2. At the start of a voyage, or at
other moments when the precise position of the aircraft
is known to the navigator, he can enter this information
via the panel 92 so that the navigation computer can
make subsequent navigational computation by dead
reckoning from the known positions. In this respect, the
information on aircraft bearing and velocity are sup-
plied to the computer 40 from the velocity correlator 60
and compass 91 in the usual way. Deviations from these
simple, conventional calculations, such as caused by the
effect of wind on the aircraft, are compensated for by
the information from the map correlator 30 and the
inertial navigation system 62. The information about the
aircraft’s present position is supplied to a display 46 or
other utilization device. Where no feature can be identi-
fied against the map store 31, the navigation computer
40 can still derive mformauon as to angular rate and
linear velocity by using features identified in the new
image memory 50 but absent from the map store. This
can provide sufficient data to the navigation computer
40 to enable dead reckoning calculations to be made of
the present positions until map-correlated features again
come into view.

The output of the compass 91 is integrated at 98 with
information from the navigation computer 40 to pro-
vide a heading output to a display 48 or other utilization
device. The fore and aft components of the velocity
vectors calculated by the velocity correlator 60 are
cross-referenced with the map- relaied coordinates of
the present position from the map correlator 30 to pro-
vide the heading output. Where the compass 91 be-
comes inoperable, such as at high latitudes, the responsi-
bility of providing heading information is assumed by
the navigation computer 40.

The present invention is not limited to use with air-
craft but could, for example, be used with sea or land
vehicles where the cameras are mounted to view the
ground around the vehicle.

It will be appFFPlutPl‘i that the system can be used

ill be eciated that the system can be us
place of, or to supplement, existing navigational systems
and does not rely on external agencies such as naviga-
tion beacons. In this respect, the system is of especial
advantage in unmanned vehicles such as cruise missiles
which could be targeted to their destination without the
need for any external control or reliance on external
agencies.

The system couid be arranged to buiid up its own
map information on an initial flight over unknown terri-
tory for use in subsequent navigation over that territory.
In this respect, the system could be used in space vehi-
cles on flights to other planets or comets where little
map information is available. The vehicle would make
an initial reconnaissance flight over the surface of the
planet or comet during which information is supplied to
the digital map store 31 and. or alternatively, the new
image memory 50. This information is then used for
'19‘."gatlon to Sp\_\.lﬂ» lesiuu: of interest duri ing subse-
quent orbits or flights over the surface.

What is claimed is:

1. A vehicle navigation system comprising: a passive
imaging sensor, said sensor being mounted to view the

surroundings of the vehicle and to provide an output in

accordance therewith; an image library of the image

in
n
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characteristics and nature of a pls
features; means for comparing the output of said sensor
with said image library to identify the presence and
nature of features within the field-of-view of the sensor
and to provide output signals representative of the na-

tirra A sdantifind fantisrac.
LUIC Ul Uity 1catuicy,;

region in which the vehicle is moving, the map store
containing information as to the location and nature of
individual features in the region; and means for correlat-
ing said output signals with said map store to identify
the position of the vehicle from the relative location of
the identified features in the field of view of the sensor
with respect to the location of said features in the region
as determined by said map store and to provide a posi-
tion output in accordance therewith.

2. A vehicle navigation system according to claim 1,
wherein said map store contains information in plan as
to the location of the features and wherein the svstem

OCcator features, neren Ing sysier

includes means to perform a transformation in perspec-
tive according to the viewing angle of the sensor.

3. A vehicle navigation system according to claim 2,
wherein the,system includes means for providing an

cutput representative of vehicle attitude
Uipu Cpitstiilauive U1 vaiieal aiuuuGe,

controller for said sensor, and wherein said means to
perform the transformation receives an output from the
scan controller and said output representative of vehicle
attitude.

4. A vehicle navigation system according to clai
including a wvnit by which information as to an initial
position of the vehicle when the vehicle is at a known
position is entered to the system, and wherein the sys-
tem updates the position of the vehicle from the known
position in accordance with the output of the imaging
Sensor.

5. A vehicle navigation system comprising: a passive
imaging sensor mounted to view the surroundings of a
vehicle and to provide an output in accordance there-
with; a unit by which information as to an initial posi-
tion of the vehicle is entered to the system; means for
identifying a feature in the field of view of the imaging
sensor; and wherein the system monitors the change in
viewing angle with respect to the vehicle of the identi-
fied feature in the field of view of the imaging sensor
from said initial position to a later position, and wherein

the system estimates the later pnunnn h\r dead reckon-

ing from said initial position and said change in viewing
angle.

6. A vehicle navigation system according to claim 1,
including means for deriving an indication of the rate of

chanoe of viewing anale of a feature. and wherein the
change o viewing angie ¢l a igature, anc whnerein (he

system utilizes said indication of rate of change of view-
ing angle to identify the position of the vehicle.

» of different
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em according to claim 1
WEm acCorGing 1o c.ailm 2,

including means for deriving an indication of the rate of
change of viewing angle of a feature, and wherein the
system provides an indication of vehicle motion in ac-
cordance therewith.

8. A vehicle navigation
ing to claim 1 including horizon detector means, and
wherein the system provides an indication of roll of the
aircraft by monitoring changes in the angular position
of the horizon to the side of the aircraft.

9. A vehicle navwat;gn system for an aircraft accord-
ing to claim 1 mcludmg horizon detector means, and
wherein the system provides an indication of the pitch
of the aircraft by monitoring changes in the anguiar
position of the horizon fore or aft of the aircraft.

10. A vehicle navigation system according to claim 1,
wherein the system includes means for identifying a
feature absent from the map store but which complies
with rules delineating shaped features, means for deriv-
ing an indication of the rate of change of viewing angle
of the feature, and means for providing an indication of
vehicle motion in accordance therewith.

11. A vehicle navigation system according to claim 1,
wherein the system includes an inertial navigation sys-
tem, and means supplying said position output to the
inertial navigation system to update information in the
inertial navigation system.

12. A vehicle navigation system according to claim 1,

wherein thse cuctem nraovideg an gutnnt in racnast of
wWiOCTCIN Wil SySCim ProviGes an Sulput i 18spect O

vehicle movement relative to the ground, wherein the
system includes an air data system that provides an
output indicative of the vehicle movement relative to
the air, and wherein the navigation system provides an

output indicative of wind cnppd and direction in accor-

dancc with the difference between the ground move-
ment output and the air movement output.

13. A vehicle navigation system for an aircraft ac-
cording to claim 1, wherein the system includes an air
data system, wherein said air data system provides an
output representative of air speed, and wherein the
system provides an output indicative of height of the
aircraft from the angular rate of displacement of a
ground feature relative to the aircraft.

14. A method of navigating a vehicle including the
steps of: viewing the surroundings of a vehicle with
passive lmagmg sensor means and prov1dmg an output
IH accordance merewun emermg lmormanon OI me
intial position of the vehicle; monitoring the change in
viewing angle with respect to the vehicle with respect
to a feature in the field of view of the sensor means from
said initial position to a later position- and estimating the

pOsi-

system for an aircraft accord-

latar macitinn hu Aand ranbaning fernm oanid sni
dicr pusiuun vy ulad A:L,l\uuulE 11U dalu 151l

tion and said change in viewing angle.
* * * * *
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