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This invention relates to place-finding systems in gen-
eral and more particularly to a system for locating “the
position of a body, movable over a surface which varies
in elevation, within a given area of that surface.

In one example of its important usages, the invention
is employed in conjunction with a dead reckoning navi-
gational system.

In the past several years, tremendous strides forward
have been taken in the field of navigational dead reckon-
ing techniques. Among recent developments in this field
have been the introduction of computers and the develop-
ment of velocity, acceleration; and direction sensing de-
vices of high accuracy. However, despite the tremendous
advances made in dead reckoning guidance systems em-
ployed for bringing a craft or vehicle precisely to a certain
geographic location, a fix-taking correctional guidance
system must still be used in conjunction with the dead
reckoning sysiem, because of the characieristic accumuia-
tion of dead reckoning error in the latter, if high accuracy
of navigation is required.

Generally speaking, the reference data necessary for
use in a correctional system can be derived by several
techniques and from a variety of sources. Two common
methods use celestial observation and the recognition of

some earth-fixed parameter. While stellar monitoring
can usnallvy be satisfactorilv Pmn]nved at hioh altitudes

handutonnd SEISL SR MESApAV VRS 8 SUpEh SALLULS,
several factors prevent its use in hlgh-speed low-altitude
vehlcles. Fll‘St weather and cloud cover 1mpose operatlon-
al limitations in land and air vehicles and in vessels
operating at and near the surface of water. Secondly,
a turbulent boundary layer is formed during low and
medium altitude flights of aerial vehicles which causes
image diffusion and defraction and therefore a corre-
sponding degradation in accuracy. Obviously, optical
observation of stellar bodies is not readily practicable, in
the case of a vessel traveling deep beneath the surface of
a body of water, for providing stellar reference data for
fixtaking.

One earth fixed parameter data source is topographlc
information. Many guidance systems were devised in the
past which, at least in aircraft, made use of topographic
information as reference data for fixtaking, Some of
these systems made use of radar derived topographic data,
and large efforts were expended in developing radar
map matching techniques. Systems of this type have
been in existence for roughly ten years, but have never
been completely satisfactory because, primarily, of their
high degree of complexity.

It will be understood that, as employed herein, the term
“navigation” refers to the conducting of aircraft and
ships from place to place and further is intended to refer,
and expressly does refer, to the conducting of any other
body from place to place. Thus, while the specific ex-
ampie provided herein is in connection with an aircraft,
the sequence of elevations, relative to some fixed refer-
ence, from one to the other along a given series of dis-
crete points on the ocean bottom is as unique as along a
similar series of points on land; and the elevation sequence
along a scries of spaced points on land is no less unique
when the points are passed over by a land-contacting
vehicle than when flow over by an aircraft. The inven-
tion, therefore, is specifically applicable also
gation of submarine vessels and land vehicles and, in fact,
of any body which moves over a surface, the earth’s crust
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place to place with reference to a given altitude datum.
While, in the specific example, altimeters are referred to
as preferred means for determining both the absolute alti-
tude of an aircraft relative to a reference datum and the
height of the aircraft above the earth, the invention is by
no means limited to the use of such instruments and its
scope is such as to include, in other applications, the use
of fathometers and/or pressure-sensing devices giving in--
formation indicative of the altitude of the earth’s crust
and specifically the interval separating a vessel from the -
ocean bottom and/or surface.

While the term “terrain” ordinarily has been employed,
in the past, with references to land areas, it is expressly
adopted and employed herein as a term referring to any
surface area, such as that of the earth’s crust, whether -
that area be covered with water or air.

Previously proposed fixtaking and navigational systems .
have sought to utilize terrain elevation data, and they have
been based upon the analog comparison of sample data;
which are the contmuous, analog representatmn of con-
tinuous variations in terrain elevations, with similar data
contained in contour maps employed as such. At least
some of the sample and known data hence have always -
been graphically or photographically displayed on actual
sheets of paper, reciangies of photographic fiim, etc., and.
the values represented thereby have been shown as
physically measurable along at least two axes. Because of
the nature of the data employed, cumbersome and un-
wieldly equipments for photographic development, super-.
position of map over map, orthogonal adjustments of one
set of data relative to another, etc. have been unavoid-
able sources of added weight, complexity, error, and mal-

function

The present invention does not employ continuously re-
corded, analog data, but has as one of its bases the use
of quantized terrain altitude information taken at dis--
crete points. A numerical comparison of sample and pre-.
recorded data is performed at high speed, and with re-
sults predictable and repeatable for the same inputs, by
a digital computer. Since the digital computer and as-
sociated components are relatively unaffected by noise,
vibrations, nuclear radiation, etc., no equipment is re-
quired for performing two-dimensional data comparisons,.
and no feedback or nulling circuitry is needed for de-
termining the point of best physical correlation of the
sample with the pre-recorded data. As distinguished from
systems ‘miuzmg a.ucuus 1u1u1mﬁL‘101‘1, the ulgu.zu Co1ll- .
puter is free from the sources of error unavoidably present
where analog comparisons are made and hence is not.
only more accurate but is able to tolerate reiatively large
errors in sample and known data values without com-
promising fixtaking accuracy.

An ideal fixtaking guidance system should possess
operational flexibility and should perform satisfactorily
where nuclear radiation or other adverse environmental
and/or flight conditions exist. Moreover, the system should
preferably possess the attributes of simplicity, accuracy,.
and reliability and desirably should be compact and light-
weight.

It is, therefore, an object of the present invention to
provide an accurate and reliable fixtaking guidance sys-
termn.

Another object of the present invention is to prov1de 2
simple, compact, lightweight fixtaking guidance system.

Another object is to provide a fixtaking guidance sys-.
tem making use of equipment normally carried aboard
the vehicle and therefore addmg but few components to
those already carried.

Another object of the present invention is to PI‘GVIdc
a flexible fixtaking guidance system of high environ-

mental adaptability.
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Another object of the present invention is to provide
a fixtaking guidance system having inteiligence-input re-
quirements which are favorably low.

Another object of the present invention is to provide a
fixtaking guidance system capable of operation at low
to medium altitudes and at supersonic velocities.

Another object of the present invention is to provide a
fixtaking correctional system for use in conjunction with
a dead reckoning guidance system to correct the error

inherent therein

Another object of the present invention is to provide a
novel method of compensating for the accumulative error
inherent in any dead reckoning guidance system.

Other and further objects and advantages of the present
invention will become apparent from a consideration of
the following description when read in light of the accom-
panying drawing in which:

FIGURE 1 is a view of a portion of a contour map;

FIGURE 2 is a view of FIGURE 1 with a grid super-
imposed thereon;

FIGURE 3 is a numerical matrix prepared from the
gridded contour map portion of FIGURE 2;

FIGURE 4 is a block diagram of one embodiment of

the fixtaking guidance system;

FIGURE 5 is a schematic diagram of a possible fix-
taking data-sampling path;

FIGURE 6 is a view of FIGURE 2 with actual
intended data-sampling positions cross hatched thereon;

FIGURE 7 is a block diagram illustrative of one data
comparison method;

FIGURE 8 is a diagram illustrative of a map matrix
and sample data points addressed for computation;

FIGURE 9 is a diagram illustrating dead reckoning
error;

FIGURE 10 is a block diagram of a modification of
the embodiment shown in FIGURE 4; and

FIGURE 11 is a schematic diagram of a possible sam-
ple-data course a an area containing known eleva-
tions.

Briefly, the present invention is a system for determin-
ing the position of a movable body with respect to a
given arca of a surface, which system employs discrete
data items relating to variations in elevation of the sur-
face relative to a given datum. The analytical basis of
the invention is that a sequence of data taken at discrete
points and representative of elevation variations of a sur-
face are unique and distinguishable from other sequences
of data taken at other points on the surface. Means are
provided to obtain, in quantized form, the surface ele-
vation at a series of spaced points. This sequence of dis-
crete surface elevation data is numerically correlated

il o anantico i i
with known, quantized surface terrain elevation data pre-

viously stored in the computer memory. The location
where the sequence of elevations “best fits” in the stored
data defines the actual location of the vehicle or other
moving body at the time the sample data were taken.

In carrying out the present invention for correctional
navigational fixtaking, a determination is made as to
where, when, and how often corrective positional fixes
are to be made. Among the factors influencing this deter-
mination are the maximum anticipated error of the dead
reckoning system, the availability and quality of terrain
contour source material, and the “roughness” of the ter-
rain. For the purpose of clarity of illustration, only one
corrective positional fixtaking will be described. It should
be understood, however, that in a normal mission a plu-
rality of positional fixes are taken where required in ac-
cordance with the above mentioned determinative factors.

Accumulation of data describing the relative elevations
of terrain points within a selected fixpoint area is a neces-
sary prerequisite to corrective fixtaking. These data will
normally be in the form of contour maps or photographs
in a variety of scales and contour intervals. A terrain
description containing three or more contour levels is

preferred; however, analytical studies have indicated
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that two-level maps yield acceptable fixes. Addi-
tionally, the contour interval should be such as ade-

quately describes the terrain.

It has been found, through both analytical studies and
actual flight tests, that (in the present system as dis-
tinguished from previous systems) large errors in eleva-
tion can be tolerated without affecting the location of
“best fit.” Thus, in thc present invention, meager map
data can be used without greatly affecting the fixtaking
accuracy.

Refer first to FIGURE 1, which shows a contour map
of the proposed corrective fixpoint area. The contour
map is shown gridded in FIGURE 2 and the terrain ele-
vation at a selected point, e.g., at the center of each grid
square, is determined and recorded in matrix form as
shown in FIGURE 3. Attention is called to the fact it
is not necessary that the terrain elevation at the grid
square centers be used; instead, other reference points
such as the intersections of the grid lines may be used so
long as consistency is employed. The grid lines must, how-
ever, be spaced in accordance with the intended spacing
of the sample data points to be later taken in actual flight
in order that accurate correlation may be made between
the two.

In the above-described manner, quantized terrain in-
telligence data is obtained which may be stored in a

memory device, thereby making it available for later use

as a discrete, three dimensional, numerical description
of the fixpoint terrain elevation variations.

Refer next to FIGURE 4, which shows one embodiment
of a fixpoint guidance system. This fixpoint guidance sys-
tem includes a terrain data sampling means 1 comprising
a ground clearance altimeter 2, an absolute aitimeter 3, a
subtractor 4, a timer 5, a ground speed information source
6, an encoder 7, and a simple data storage means 8. The
ground clearance altimeter 2, which may be of the down-
ward-looking radar type, furnishes an indication of air-
craft height over terrain to the subtractor 4 which also is
furnished with an indication of vehicle height above a
fixed reference (such as sea level) by the absolute altimeter
3. In the preferred embodiment of the invention, the abso-
Iute altimeter 3 is of the barometric type and preferably
employs sensing means such as a vertical accelerometer in
conjunction therewith to semse and correct for spurious
altitude deviations in applications where such deviations
are significant.

The output of both the absolufe aitimeter 3 and the
ground clearance altimeter 2 are in analog form, and thus
it is well within the art to provide a subtractor 4 having an
analog output indicative, at any given time, of the eleva-
tion of the terrain point directly beneath the vehicle. The
output of the subtractor 4 is supplied to the timer 5 which
controls the spacing of the terrain data sample points in
accordance with aircraft ground speed, indications of

whinla ara i 1
which arc supplied to the timer 5§ by the ground speed

data source 6. In this manner, the spacing of the terrain
data sample points is made to conform to the spacing of
the pre-recorded terrain intelligence data.

The terain data sample points are supplied by the timer
5 to the encoder 7 which converts the analog output of
the timer 5 to a digital notation such as binary. The binary
representation of the terrain data sample points is then
stored in the sample data storage means 8 which may be
of any of several forms of storage medium such as disc,
drum, tape, ferrite core memory device, etc.

In operable association with the terrain data sampling
means 1 is the computer 20 which compares the terrain
data sample points with the pre-recorded terrain intelli-
gence data contained in the pre-recorded data storage
means 21 to determine the “best fit” and thus, as is herein-
after described, to furnish an accurate indication as to the
actual geographic position of the vehicle at the time that
the sample points were taken. The output of the computer
20, which is indicative of the actual vehicle position, is then
supplied in digital form to the navigator computer 30 which
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in turn furnishes a correction signal to the control unit 40.
If, however, the navigator computer 30 employed is of a
kind requiring analog data inputs, the output of the com-
puter 2@ is converted from digital to analog form by pass-
ing it through a decoder 22 as shown, the decoder 22 not
being necessary if the navigator computer accepts digital
data.

While in the present description an encoder 7 and de-
coder 22 have been included, it will be obvious to those
skilled in the art that it is a 51mn1f= matter to provide ele-
ments for use in the fixpoint guidance system having in-
puts and outputs compatible with the requirements of the

nnnnnnnn TAw dmoénmnan Avarmla o T,
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URE 10, the outputs of the altimeters 2A and 3A are in
digital form. Furthermore, the subtractor 4A, timer 5A,
ground speed data source 6A, sample data storage means
8A, pre-recorded data storage means 21A, and navigator
computer 30A are included in computer 20A. in the sense
that all their functions are accomplished by the latter, The
digital outputs of the altimeters 2A, 3A, in this case, are
fed to the computer 20A, which latter performs all neccs-
sary computations and provides correction signals to the
control unit 40A indicator 72, or other items as desired.
The connection 11§ }_)IUVLLLCb a means for uch‘v'ei"y', 1rom
the computer 20A to the altimeters 2A, 3A, of signals
initiating the taking of altitude data for the fixtaking
operation and the timing of the intervals separating the
discrete data items taken. Therefore, the items 4, 5, 6,
21, 30 shown in FIGURE 4 can be considered functional
elements of the system which are not necessarily separate
physical entities extraneous to the computer 20 of FIG-
URE 4,

Under the term “navigator computer” have been in-
cluded those components normally included ina dead reck-
Uulug gmuauw sysicmt. Duc.uy, a dead rec;{oning gumancc
system may have means including an inertial platform
which is gyroscopically stabilized and has mounted thereon
accelerometers to detect vehicle accelerations relative to
inertial space. The output of these platform sensors is then
acted upon by a computing device which in turn sends
guidance signals to the vehicle flight control system 40.
From the inertial platform information, the computer
produces a solution, which may be continuons, to the
problem of aircraft geographlc location and prov1des sig-
nals to the vehicle flight control system 40 which are such

na 0 neadnes within tha dagras of arrgr inherant in the
as 10 proquce, wiidin uil GOEICT Ui CIIUT dlilCliviic I v

system, the desired flight path. It is, of course, this inherent
error, the magnitude of which increases with time, that the
present guidance system seeks to eliminate.

in FIGURE 5 is shown the vehicle flight path 51 as in-
dicated by the dead reckoning guidance system and the
actual vehicle flight path 52 through a pre-recorded fix-
point area 5. Along the actual flight path 52, terrain data
samples are taken from point 53 to point 54 at discrete
intervals 100. The size of the fixpoint terrain area 56 to
be stored is a function of several parameters, one of which

thea

erent error of
T Ol e

l\ th Jllhcl\aALL il
system.

Where, as is preferable, terrain data samples are taken
while the aircraft fiies a straight course, the pre-recorded
fixpoint terrain area 50 preferably is bisected by the in-
tended flight or ground track 51 of the vehicle. To each
side of the intended ground track 51, the fixpoint terrain
56¢ is as wide as is required to ensure that the actual flight
path or ground track 52 of the vehicle will be through the
pre-recorded terrain area in spite of errors of the dead
reckoning guidance system. For example, if the known

,,,,, a arror in the dead reckonine enidance system dur-
puaauuc €ITOr ift LO¢ GCad reCXOoning guitance sysem Gur

ing the time required to arrive at the fixpoint, area 50
could result in a flight path laterally displaced by a maxi-
mum interval A of four miles from ihe iniended fiight
path 51, then the fixpoint terain area 50 should be at least
eight miles wide. In addition, according to one usage of
the invention, and assuming that the maximum possible
error in position during the time required to reach the
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fixpoint terrain area 50 is equal to an interval B of three
miles, then the length of the fixpoint area should extend
at least three miles beyond the first and last sample points
53 and 54, respectively. Thus, it is relatively certain that
all of the sample data points, five points 53, 55, 56, 57,
54 being shown schematically, will surely fall somewhere
within the pre-recorded terrain area 50.

In another sample-taking technique (mot illustrated),
data samples are taken along the length of a ground track
which is long enough to ensure that the pre-recorded ter-
rain area w111 fall W1th1n it, and thus no interval corre-
sponding to B need be provided for as in FIGURE 5.

Refer again to FIGURE 4. th..., according to the
navigator computer 30, the vehicle is near or has entered
the fixpoint terrain area 50, a signal is supplied by it
to the timer 5, thereby initiating the taking of terrain
data sample points. In its relation to the terrain data
sampling means I, and more specifically to the timing
means 5, the navigator computer therefore is an initiat-
ing means. The timer 5, as mentioned previously, controls
the time-wise spacing of the data sample points in
accordance with vehicle ground speed to ensure that
the output of the subtractor 4 is supplied to the sample
data storage means 8§ at discrete points so separated as
to result in the storage of a series of data sample points
each spaced apart by a linear interval 100 (FIGURE 5)
which is compatible with the spacing employed in the pre-
recorded terrain intelligence data map matrix.

The above is not to be taken to imply that the sample
data points must fall precisely upon the terrain points
represented by the pre-recorded data. As shown in FIG-
URE 11, it is entirely possible that the line 101 of sample
data will fall between lines and for example, will cut
across the rows 4A, 5A of the pre-recorded data, and the
samplc data pmnts aaA, S§5A, 56A, 57A, 54A similarly
will not be in precise alignment w1th the pre-recorded
data rows and columns. Because of the numerial match-
ing provided by the system, however, this is of no detri-
ment to fixtaking accuracy, for the spacing of the pre-
recorded data points may arbitrarily be made as small as
desired down to the limitations of comsistency with the
topographical maps, etc. employed as source materials.
For the same reason, some angling of the actual flight
path across a row or rows of “the pre-recorded data is
inconsequential, as is also some discrepancy from that

intended in gnacine hatwean camnle and nre-recogrdad data
AC0GOL I SPalilg OCUWOLH Saintpi® anG pro-iCClrala aala

points. It will be understood that other than orthogonal
geometrical arrangements of pre-recorded data points lie
within the scope of the inveniion, and that other arrange-
ments allow even more freedom of direction, while cross-
ing the fixtaking area, without loss of fixtaking accuracy.
An example of such an arrangement is one employing
pro-recorded data points arranged in and about a basic
geometric unit in the form of a hexagon, as many of
the said basic units being employed as are needed for
giving a fixtaking area of a desired size.

In order to determine f'hn actnal eeoeranhical location
aglermine {ng aciual geograpaical :0cation

of the vehicle, a comparison or correlation must be
made between the terrain data acquired by sampling
along the actual ground track 52 (FIGURE 5) and the
pre-recorded terrain intelligence data stored in the pre-
recorded data storage means 21 of FIGURE 4 in order
that a determination may be made as to where the saniple
terrain data “best fit” the pre-recorded data. The “best
fit” will be indicative of the actual location of the vehicle,
at the time the sample data were taken, as distinguished
from the location at a point along the intended flight path
51 indicated by the dead reckoning guidance system.
Refer next to FIGURE 6. Assume that the actual ground

track of a vehicle while takineg gcamnles wac alane that
racl O a veals:e waLd laging sampifs was aitng iaat

portion of the fixpoint terrain area corresponding to row
1, columns 4-8, while the dead reckoning system indicated
that the vehicle was at that time over an area correspond-
ing to row 4, columns1-5.
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Ta order to determine the actual location of the vehicle
during the time of sample taking, the terrain samiple
data points are everywhere compared with the pre-re-
corded data to determine that portion of the pre-recorded
map matrix where the sample data points “best fit.” For
instance, assume that a map matrix corresponding to
FIGURE 3 were stored in the pre-recorded data storage
means 21. One method of comparison is to compare the
terrain data samples with a like number of pre-recorded
terrain intelligence data points, which number, in the
simplified example, is five. Thus, the terrain data samples

might be compared with the terrain intelligence data found

s anhimne 15 The next commparison would be

""""" ; comimns i—2. 12¢ 1neXi comparison

in row 1,
made with the terrain intelligence data found in row 1,
columns 2—6. The terrain samples are then similarly com-
pared with every other possible same-length, consecutive
series of pre-recorded data in row 1. A comparison is
then likwise made of row 2, then row 3, then row 4, ete.
Thus, the row-segment of the map matrix having the
least variation from the sample data is located, thereby
vielding the exact geographical position of the vehicle
during the terrain data sample-taking.

Any of a number of analytical comparison methods
can be used in comparing the terrain sample data with
the pre-recorded intelligence data in order to obtain an
error function. For example, solution of the equation

N N 2
MSD=L @)~ Paa— %S Lf(xm(x)i]mc—}
i=1 i=1

where:

f(x) =the map function
g(x)=the terrain function .
N=number of points in the terrain sample

yields the “means square difference” error function f§r a
given comparison. Thus, each point of comparison
yields an error function which may be compared with
the error functions generated at other points of compari-
son to determine the point at which the minimum error
function occurs and thus to identify the exact geographical
position of the vehicle during sample-taking.

Another method of analytical comparison is the “mean
mathod. which method is as valid as

metned, walch 1

SLonlitn iffaranca’

aoso1uie Qinereéndee ? Y
the MSD criterion and in addition can be determined by

S . 4
use of a less sophisticated computer since no “squarer

of a civen
Of a given

difFforansa’

Qiicitiive

is necessary. The “means absolute 2
series of terrain and map data is found by solving the
following equation:

N 1S
MAD=23 (2 —ys ———Nizv_‘_l,(xi—yi)

where:

x;=the map matrix data points
yi=the terrain sample data points
N=the number of terrain sample points.

As was previously stated, it is well within the art to pro-
vide other comparison methods such as numerical,
digital cross-correlation of the two functions, or the nor-
malized value of the functions; however, for the sake
of brevity, no discussion will be made herein of such other
methods.

In FIGURE 7 is shown a block diagram for illustrating
one method of accomplishing the “mean absolute differ-
ence” comparison including input equipment 23, output
equipment 24, a main store 25, an arithmetic unit 26, and
a control unit 28. Cross referencing to FIGURE 4, the

input unit 23 corresponds to the encoder 7 and sample

data storage means 8 of FIGURE 4, while the output unit
24 corresponds to the decoder 22 and other equipment
necessary for receiving the computer output such as the
navigator-computer 3¢ and the flight control unit 40. In
addition, the main store 25 is inclusive of the pre-recorded

data storage means 21 of FIGURE 4.
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The main store 25 includes the computer memory and
nmer cmanial wanictare amnlavad Tha waain otars will savents
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ually contain the terrain data samples, the pre-recorded
map-matrix, and the program. Each sample point of the
terrain data samples and each data point of the map-
matrix will be stored in a one-word register in the main
store 25. Both the data words and the instruction words.
contained in the main store 25 arc assigned addresses in
order to render them readily obtainable.

The arithmetic or data processing unit 26 contains an
accumulator 27 and such other units as are necessary to
perform the required operations. Since division in a com-
puter can be performed as a series of subtractions and
since subtraction can be performed by an adder in con-
junction with a complementer, only adders, complement--

and sign and magnitude comparators are needed in

are
&rs,

the solution of the linear difference equation.
In operation of the guidance system, the terrain data

Lot g £ e T 4 ot ke oo 41a s
IOl Ul

samples are first transferred to the main store 25
input equipment 23 by the control unit 28 under instruc-
tions derived from the program 25. The control unit 28
then takes the next instruction word from the program Z5
and sets the proper circuits for the indicated operation.
The instruction word contains the address of the data to
be used in the computation, the operation to be per-
formed, and the control address of, or where to find, the
next instruction word. When an instruction word has been
received in the control unit 28, the latter, by means of a
switching arrangement which functions as an address se-
lector, takes the data to be operated on from the main
store 25, transfers it to the arithmetic unit 26, causes the
data to be processed in accordance with the instructions
provided from the program 25, and returns the resuit
to the main store 25. The control unit 28 then :accepts
the next instruction word and causes the indicated opera-
tion to be performed. This operation is repeated uniii
the program has been completed. In this instance, the
program is completed when the “best fit” has been deter-
mined.

One method of solving the “mcan absolute difference”

equation
N 1 X
MAD=23(z:i—y1) ~ 552 (% —y1)
=1l =1 !

will be described.

Let N=5 and let the terrain data points (y;) and the
map data point (x;) be stored and addressed as shown in
FIGURE 8, wherein rows 81, 83, 85, 87, 89, 91, 93, 95
contain the storage register addresses while rows 82, 84,
86, 88, 90, 92, 94 contain the associated terrain altitude
data.

As will be obvious, the data contained in storage regis-
ters 1-60 correspond to the map matrix of FIGURE 3

while the data contained in registers 61-65 correspond
to the five data samples of row 1, columns 4-8 of FIG-
URE 6. Registers 66—77 contain the results of the herein-
described comparisons.

Comiparison of the five data samp 1 i
registers 61-65 with the five pre-recorded data points
tained in registers 51-55 will be described. Other same-
iength comparisons are of course made as previously de-
scribed with same-length segments of the map matrix
to determine the lowest error function MAD correspond-
ing to the actual vehicle location during data sample tak-

ing.

& poi

be used:

A(m)—add the contents of storage location mz to the con-
tents of the accumulator
B(m)—bring the contents of storage location m into the

cleared accumulator

Ciearcd accumuialor

M(m)—copy the contents of the accumulator and store
it in register m
D(m)-—divide the contents of the accumulator by m
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S(m)—subtract the contents of storage location m from

ntonto Af tha amnrrmselada
the contents of the accumulator

T (m)—test sign of accumulator: if positive, transfer con-
trol to (m); if negative, proceed to next instruction

Instruction Remarks
x1 1nto the accumulator.
(mi—yi)
(x1—y1) into register 66.
X3 into the accumulator.
(x2—y2)
(x2—Yyy into register 67.
x3 into the accumaulator.
{x3—y2)
(x3—y2) into register 68.
-1 % into the accumulator.
(X4—y4) .
(xs—y4) into register 69.
X5 into the acecumulator.
5) into register 70,
(x5~y35) 4 (x1—¥1)
(Xs—ya) +(x1—y1) 4 (xa—ya)
(x5~ys) + (x1—¥1) + (x2~¥3) + (x3—¥3)
(xs—V8)+ (a—¥0) + (a2 + Ga—ya)+ (xs—y1)
[(xs—ye) + (x1—¥1) +(xa—y2) + (xs—¥3) 4 (xs—F) ] 5
N
=§ 2. Gi—y3)
i=1
2t | 1S imy into rogister 71.
=1
22...) B(6)...; (1—y1) into the accumulator.
23| S .| i—y)—= N (x,—yx)
=
24...| T(20)... 1
X1—y1) = i—yi)=|E
25| Ao |7 N;(K' ¥ =B
26._.| M(72)...| E into register 72
27...| B(67)...} (xo—y2) into the accumulator.
1 N
28| 8(D)-ee] (2=¥2)—g > (xi—¥)
i=1
1 &
20| T@...| [Ka~F)—3z > (xi~yi)=|Ez
30| Alm).. N; e
31...| M(73)...| E:into register 73.
2...| B(63)...| (x3—ys) into the accumulator.
1 N
33 S ....| (=¥ > &=y
Ny
34| T(38)...
35, . Admp). o] N(xa— Yn\—_vlvl_'w‘ =1\
i Ny KiTTU=tEs
36...f M(74).._| Ejzinto register 74.
37._1 B(69) .. .| (xg—y2) into the acenmulator.
1 N
88| STY.e.| (u—y— 2 (51—
i=1
39.._| T(41)_._ 1 X
4077} AGmy . [(Xd—y.i)—ﬁ;(xi—Yi)=|E4
41.__| M(75).__{ Esinto register 75.
42_ | B(70).__| (xs—ys) into the accumulator,
1 N
43, | S(71).... (X&-Yﬁ)—ﬁ ;:1 (xi—yi)=E;
44, T8 ..
45.2"| Admy) | (xs—ys) Z(m—y.)—l&
46.__1 M(76)_..| E; into register 76,
47. | A(72)...| Es+E:
48| A(73)...} Es+Ei-+Ez
49| A(79) .| Es+EiHE2}Es
50._.1 A(75)...| Es+Ei+E+Est+Es=E=MAD=
N N
D M=y > Mxi-yol
=1 Nz
51...| M(77)...| E into register 77.

1 m; holds the constant 1.000000000.

10

Refer next to FIGURE 9, which is illustrative of a
map matrix having data disposed in rows 1-i5 and col-
umns 1-6. Assume that the intended flight path is along
column 4, while the actual flight path is along column 2.
Assume further that, at a given instant, the intended posi-
tion of the vehicle is at the point circled in column 4, row
10, while the actual location at that instant is the point
circle in column 2, row 5. Where north is the direction
N, the vehicle is thus the distance Ry west and the distance

" Ry south of the intended position. The north and east

o
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error having been ascertamed, it is well within the art
to correct for this dead reckoning error, the crucial opera-
tion being the determination of the actual position of the
vehicle at the instant in time when the dead reckoning
guidance system indicated its position to be at the point
located in column 4, row 10.

In the above-described manner, there has been pro-
vided a navigational system which possess both opera-
tional flexibility and the ability to perform satisfactorily
where adverse environmental and/or flight conditions
exist. Furthermore, the device is simple, accurate, reliable,
compact, and lightweight.

In addition to the advantages of the present invention

a and nlicit in tha da 4lavaa £in
enumerated above, and uuyuvu ifi tie Qescri xyuuu wiis rar

provided, the invention provides further important advan-
tages, not the least of which is the ease with which maps,
photographs, etc. may be reduced to the form of data
directly useable in the system described. A wvariety of
maps and other source materials, and these to a variety
of scales and different contour intervals, and other means
for indicating point-elevations, are readily employed. No
need exists for the mamufacture of special maps, fac-
similes, etc. Further, input data can readily be prepared
manually by reading and recording, in numerical form,

ar tha
OF uiv

oivan by tha sanrce maéariala.

spot elevations LUV DUUIVGY  kalviidlo,

spot elevations given by
input data can be obtained automatically by a variety of
simple, known means, for example, by the use of an auto-
matic contour ploiter for maps or photographs.

While only one embodiment of the invention has been
described in detail herein and shown in the accompanying
drawing together with a modification thereof, it will be
evident that various further modifications are possible
in the arrangement and construction of the guidance sys-
tem components without departing from the scope of the
invention.

X claim:
< gaim?

1. An airborne vehicle guidance system comprising a
dead reckoning guidance system and a fixtaking correc-
tional sysiem in operable association with said dead reck-
oning guidance system for determining the accumulated
error of said dead reckoning guidance system, said fix-
taking correctional system comprising: an absolute altim-
eter having an output indicative at any given time of ve-
hicle altitude with respect to a reference datum level;
a ground clearance altimeter having an output indicative
at any given time of vehicle altitude above terrain; a sub-
tracting means electrically connected to both said absolute
altlrneter and said ground clearance altimeter for receiving
their said outputs and dctermmmg the difference there-
between, said subtracting means thereby having an output
indicative at any given time of terrain elevation beneath
the vehicle; a timing means electrically connected to said
subtracting means; an encoding means electrically con-
nected to said timing means; a ground speed indicating
means and an initiating means electrically connected to
said timing means for supplymg the said output of said
subtracting means to said encoding means at selected times;
a sample data storage means electrrca}ly connected to
said encoding means for receiving the output therefrom;
a pre—recorded data storage means containing g pre-recorded

L 2

terrain infomation; a digital computing means electrically
connected to both said sample data storage means and
said pre-recorded data storage means, said computing
means including electronic means for comparing the said
terrain elevations with ‘the said pre-recorded terrain in-
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formation and determining therefrom actual vehicle lo-
cation; and means for supplying an indication of said ac-
tual vehicle location to said dead reckoning guidance
system from said digital computing means.

2. -An airborne vehicle guidance system comprising a
dead reckoning -guidance system and a fixtaking correc-
tional system in operable association with said dead reck-
oning guidance system for determining the accumulated
error of said dead reckoning guidance system, said cor-
an absolute altimeter having

cmmtimmnl axrafana 3ol .
rectional systen: comprising:

an output indicative at given times of vehicle altitude
above a reference datum level; a ground clearance al-
timeter having an output indicative at given times of ve-
hicle altitude above terrain; a subtracting means elec-
trically connected to both said absolute altimeter and said
ground clearance altimeter for determining the difference
between their said outputs, said subtracting means there-
by having an output of data indicative at any given time
of terrain elevation beneath the vehicle; a timing means
electrically connected to said subtracting means; an en-
coding means electrically connected to said timing means;
a ground speed indicating means and an initiating means
electrically connected to said timing means for supplying
the output data of said subtracting means to said encoding
means at selected times; a sample data storage means elec-
trically connected to said encoding means for receiving
the output therefrom; a pre-recorded data
containing pre-recorded terrain information; electronic
computing means connected to both said sample data
storage means and said pre-recorded data storage means
and having an output indicative of actual vehicle loca-
tion; and means for supplying said output indicative of
actual vehicle location to said dead reckoning guidance
system.

3. An airborne vehicle gnidance system comprising a
dead reckoning guidance system and a fixtaking correc-
tional system in operable association with said dead reck-
oning guidance system for determining the accumulated
error of said dead reckoning guidance system, said cor-
rectional system comprising: an absolute altimeter having
an output indicative at any given time of vehicle altitude
above a reference datum level; a ground clearance al-
timeter having an output indicative at any given time of
vehicle altitude above terrain; a subtracting means elec-
trically connected to both said absolute altimeter and
said ground clearance altimeter for determining the differ-
ence between their said outputs, said subtracting means
thereby having an output indicative at any given time of

the vehicle; a timing means elec-

aracs TRARNa

Siorage mcans

terrain elevation bencath
trically connected to said subtracting means; a sample data
storage means electrically connected to said timing means;
a ground speed indicating meuns and an initiating mcans
electrically connected to said timing means for selectively
supplying the output data of said subtracting means to
said sample data storage means; a pre-recorded data
storage means containing pre-recorded terrain informa-
tion; electronic computing means electrically connected
to both said sample data storage means and said pre-re-
corded data storage means, said computing means includ-
ing mcans for correlating the said terrain elevations with
the said pre-recorded terrain information and determining
therefrom actual vehicle location; and means for supply-
ing an indication of said actual vehicle location to said
dead reckoning guidance system.

4. A vehicle guidance system compising a dead reck-
oning guidance system and a fixtaking correctional system
in operable association with said dead reckoning guidance
system for determining the accumulated error of said dead
reckoning guidance system, said fixtaking correctional sys-
tem comprising: terrain sampling means for determining
at given times the clcvation of terrain beneath the ve-
hicle; sample data storage means electrically connected
to said terrain sampling means for storing said terrain
pre-recorded data storage means containing

slavatimmas o
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pre-recorded terrain information; an electronic comput-
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12
ing means electrically connected to both said sample data

storage means and said pre-recorded data storage means,

said computing means including means for correlating the
said terrain elevations with the said pre-recorded terrain

Sy N S 2 7] 1 waliala
actual vehicle

information and <determining therefiom
location; and means for supplying an indication of said
actual vehicle location to said dead reckoning guidance
system.

5. A guidance system comprising a dead reckoning
guidance system and a fixtaking correctional system in
operable association with said dead reckoning guidance
system for determining the accumulated error of said
dead reckoning guidance system, said correctional sys-
tem comprising: terrain sampling means for determining
and storing the terrain elevation beneath the terrain sam-

" reearded data storaoe
S0

nnnn i Airmmnae o A,
times; a pre-reCoraea qaia rage

p‘u_ﬁg means at given
means containing pre-recorded terrain information; elec-
tronic computing means electrically connected to both
said terrain sampiing means and said pre-recorded data
storage means, said computing means including means
for correlating the said terrain elevations with the said
pre-recorded terrain information and determining there-
from actual terrain sampling means location; and means
for supplying an indication of said actual location to said
dead reckoning guidance system.

6. A guidance system comprising a dead reckoning
guidance system and a fixtaking correctional system in
operable association with said dead reckoning guidance
system for determining the accumulated error of said

T Lt cenldniann auvtatama  Qal H
dead reckoming guidance system, said fixtaking correc-

tional system comprising: terrain sampling means for
determining at given times terrain elevations beneath the
sampling means; a pre-recorded data storage means con-
taining pre-recorded terrain information; electronic com-
puting means in operable association with said terrain
sampling means and said pre-recorded data storage means,
said computing means including means for analytical
correlation of said terrain elevations with said pre-
recorded terrain information and determining therefrom
actual sampling means location; and means for supplying
an indication of said actual location to said dead reckon-
ing guidance system.

7. A fixtaking correctional guidance system for use in
conjunction with a dead reckoning guidance system, said
correctional system comprising: an absolute altimeter
having an output indicative at any given time of the
altitude of the same above a reference datum level; a
ground clearance altimeter having an output indicative
at any given time of the altitude of the same above
terrain; a subtracting means electrically connected to both
said absolute altimeter and said ground clearance altime-
ter for receiving their said ontputs and determining the
difference therebetween, said subtracting means thereby
having an output of data indicative at any given time of
terrain elevation benecath at least one of the altimeters; a
timing means electrically connected to said subtracting
means; an encoding means electrically connected to said
timing means; a ground speed indicating means and an
initiating means electrically connected to said timing
means for selectively supplying the said output of said
subtracting means to said encoding means; a sample data
storage means electrically connected to said encoding
means for receiving the output of terrain elevations there-
from; a pre-recorded data storage means containing pre-
recorded terrain information; a digital computing means
electrically connected to both said sample data means and
said pre-recorded data storage means, said computing
means including electronic means for comparing the said
terrain elevations with the said pre-recorded terrain in-
formation and determining therefrom the actual location
of at least one of said altimeters; and means for supply-
ing an indication of said actual location to said dead
reckoning guidance system.

8. A fixtaking correctional guidance system for use in
conjunction with a dead reckoning system for guidance of
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a body, said correctional guidance system comprising: an
absoluie altitude sensing device having an output indica-
tive at given times of body altitude above a reference
datum level; a surface clearance sensing device having an
output indicative at given times of body altitude above a
surface; a subtracting means electrically connected to
both said absolute altitude sensing device and said sur-
face clearance sensing device for determining the differ-
ence between their said outputs, said subtracting means
thereby having an output containing data indicative at
given times of surface elevation beneath the vehicle; a
timing means electrically connected to said subtracting
means; an encoding means electrically connected to said
timing means; a ground speed indicating means and an
initiating means electrically connected to said timing
means for supplying the output data of said subtracting
means to said encoding means at selected times; a sample
data storage m ally connected to said encod-
ing means for receiving the output therefrom; a pre-
recorded data storage means containing pre-recorded

tnmmnia  fafeseaaniioa. ST abao :

P S

terrain information; electromic Conipuung means <on-
nected to both said sample data storage means and said
pre-recorded data storage means and having an output
indicative of actual body location; and means for supply-
ing said output indicative of actual body location to said
dead reckoning guidance system.

9. A fixtaking correctional guidance system for use in
conjunction with a dead reckoning guidance system for a
body, said fixtaking correctional guidance system com-
prising: surface sampling means for determining and stor-
ing the surface elevation relative to a fixed datum beneath
the body at any given timie; a pre-recorded data storage
means containing pre-recorded surface elevation informa-
tion; electronic computing means electrically connected to
both said surface sampling means and said pre-recorded
data storage means, said computing means including
means for correlating the said surface elevations with the
said pre-recorded surface information and determining
therefrom actnal body location; and means for supply-
ing an indication of said actual location to said dead
reckoning guidance system.

10. A fixtaking correctional guidance system for use in

Arenirren bl AT verd A anl-ani A vrotarns fAar o
conjunction with a dead reckoning guidance system for a

body, said dead reckoning guidance system having an
accumulative guidance error and said correctional system
comprising: a first measuring means for measuring the
absolute altitude of the body relative to a reference
datum; a second measuring means for measuring body
altitude above a surface; subtracting means connected to
both said first and second measuring means; timing means
connected to said subtracting means; a first storage means
connected to said subtracting means through said timing
means; a second storage means; and an electronic com-
nntar ~annantad tn hath eaid firet and carnnd ataraca

pPutel CULLICLVIVA U OUUL daiu st dull SVVULNU swirdgy
means.

11. A fixtaking correction system for use in navigation
wherein a dead reckoning guidance sysiem having accu-
mulative error is employed, comprising: first and second
measuring means; subtracting means connected to said
first and second measuring means; a timing means con-
nected to said subtracting means; first and second stor-
age means, said first storage means being connected to
said subtracting means through said timing means; and
electronic computing means connected to both said first
and second storage means.

12. A fixtaking system for a moving body, said system
comprising: means for measuring the elevation, with re-
spect to a reference datum, of the earth’s crust beneath
the moving body at spaced, discrete times; means for sup-
plying known earth-crust elevations; and means for
analytically correlating the measured elevations with the
known elevations to determine the actual geographic lo-
cation of the moving body. )

13. A fixtaking system for a body adapted for relative
movement across a surface which varies in altitude rela-
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tive to a given reference datum, said system comprising:
means for measuring the elevation of said surface relative
to said datum and below said body throughout a series of
spaced-apart points and for supplying. quantized data in-
dicative of the respective elevations at said points; means
for supplying known elevations at successive points on
said surface spaced similarly to the spacing of said points
at which the elevations on said surface are measured; and
means for identifying a series of said known successive
points on said surface whose elevations most closely
match the elevations measured at said series of spaced-
apart points.

14. A fixtaking system for a body moving across a
surface whose elevation varies relative to a fixed alti-
tude datum, said sysiem comprising: means for sensing
and for supplying quantized data descriptive of the shape
of a portion of said surface passed over by said body;
means providing known, quantized data describing the
shape of at least a known portion of said surface; and
analytical means for correlating said sensed data with
said known data to identify, among said known data, data
most closely matching said sensed data.

15. A fixtaking system comprising: first means con-
taining a numerical array descriptive of relative varia-
tions in elevation between spaced points on a surface; sec-
ond means for sensing surface altiimde variations at
spaced points and for providing output data expressing
the same in a form compatible with said numerical array;
and analytical means for identifying a portion of said
numerical array most closely resembling at least a por-
tion of said output data of said second means.

i8. A guidance system for a body having relative mo-
tion across a surface whose altitude varies relative to a
fixed altitude datum, said system including a dead reck-
oning guidance system and a fixtaking correctional sys-
tem, the latter system comprising: surface altitude sam-
pling means for determining at discrete, successive times
and points the altitude, relative to said datum, of said
surface beneath said body and for providing an acquired

sample in the form of numerical data

numerical data descriptive of said
altitudes; pre-recorded data storage means containing
numerical data descriptive of the elevation of said sur-
face relative to said datum at successive, spaced points
within a known area of said surface; and means for analyt-
ical correlaion of said acquired sample with said pre-
recorded data and for determining therefrom the actual
location of said body relative to said surface when de-
termining the altitude of said surface at a given one of
said times and points,

17. A navigational device comprising: means for de-
termining and producing an output indicative of varia-
tions of the earth’s crust with respect to an altitude datum
and as a function of distance along the earth’s crust; and

Fnre e ot

means for mumerical comparison of said output with
known earth-crust altitude variations to determine navi-
gational data.

18. A method of determining the actual location of a
moving body comprising the steps of: obtaining a sample

of terrain elevations at sn(‘r'pegive, anaced nainte hananth

spaced points beneath
the body as the latter moves over a terrain; and analyti-
cally correlating the said sample of terrain elevations with
pre-recorded, known terrain elevations to obtain the lo-
cation where the said sample most nearly matches the
known pre-recorded terrain elevations and thereby ob-
taining an indication of actual body location at a time
while taking said sample of terrain elevations.

19, A method of determining the aciual lvcation of a
body comprising the steps of: measuring the absolute alti-
tude of the body; measuring the altitude above terrain of
the body; subtracting the altitude above terrain from the
absolute altitude to obtain an indication of terrain eleva-
tion; repeating the above-enumerated steps as the body
moves across the terrain to obtain a plurality of indica-
tions of terrain elevation; and analytically correlating the
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thus-obtained terrain elevations with known terrain eleva-
tions to obtain an indication of

20. A method of determining the actual location of a
body comprising the steps of: measuring terrain eleva-
tion at successive, spaced points beneath said body as said
body moves over said terrain; and analytically comparing
the measured terrain elevations with known terrain eleva-
tions to obtain an indication of actual location of the body
relative to the terrain at a time during said measuring
of terrain elevations.

21. An airborne vehicle guidance system comprising
a dead reckoning guidance system and a fixtaking correc-
tional system in operable association with said dead reck-
oning guidance system for determining the accumulated
error of said dead reckoning guidance system, said correc-
tional system comprising: an absolute altitude measuring
means having an output indicative at any given time of
vehicle altitude above a reference datum level; a ground
clearance measuring means having an output indicative
at any given time of vehicle altitude above terrain; a sub-
means electrically connected to both said abso-

setiinl lhadss i
actual body location.

tracting
lute altitude measuring means and said ground clearance
measuring means for determining the difference between
said subtracting means thereby having
an output of data indicative at any given time of terrain
elevation beneath the vehicle; a timing means electrically
connected to said subtracting means; an encoding means
electrically connected to said timing means; a ground
speed indicating means and an initiating means electrical-
1y connected to said timing means for seiectively supply-
ing the output data of said subtracting means to said en-
coding means; a sample data storage means electrically
connected to said encoding means for receiving the output

A1t onld anabess
their said outputs,
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of terrain elevations therefrom; a pre-recorded data stor-
age means containing prerecorded terrain information; a
digital computing means electrically connected to both
said sample data storage means and said pre-recorded

Aotn staraga mann H 3 i i
data storage means, said computing means including elec-

tronic means for comparing the said terrain elevations
with the said pre-recorded terrain information and de-
termining therefrom actual vehicle location; and means
for supplying an indication of said actual vehicle loca-
tion to said dead reckoning guidance system from said
digital computing means.

22. The method of determining the actual location of
a body relative to a terrain comprising the steps of: mov-
ing the body over the terrain; obtaining sample data con-
sisting of digitally expressed terrain elevations at discrete,
spaced points beneath said body as the latter moves over
a portion of the terrain; providing pre-recorded data
comprising digitally expressed terrain elevations at dis-
crete, spaced points within said terrain; and analytically
correlating the sample data and pre-recorded data to ob-
tain an indication of actual location of the body within

the terrain.
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