-1- MUJLTIPATH HEIGHT FINDING METHOD FIELD OF THE
INVENTION [0001] This invention relates to methods for determining the
height of an object, and more particularly to methods for determining the
height of a target using a multipath sfgffal. BACKGROUND OF THE
INVENTION [0002] Radar can be used to determine the range of a target
from a radar set may 8k . i ow radar
beam can be scanned in azimuth and/or elevation to deternine the
azimuth and elevation of a target. The narrow beam needed for good
resolution at long distanégw. In addition, since
et TagdensairioRrdixed WithéasRRCIIP dbRaRoMNG, Mdaigiehelevatidbiect, and
measured from an aircraftﬁjoes not provide a direct determination of th
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the height of a targe §sIRWG RaENBLEs vl aieratanarcraft.
UMMARY OF THE INVENTION [0004] One aspect of the invention
f@&%@%@gﬁﬁm efé‘ﬁ%féf@rﬂ’%ﬁ@ﬂ‘?e‘%‘éf&ﬁﬁﬁ—f’? BIA ReFJEPHpiRAAr set that may
be meukiReeor he aiefind compoisaadaeiiansceh (5 Seiesa Mg amoifiangertievation
from a source to a target, (b) determining a distance L representative of a

to dejrinine i daialty) S GraTaHnm Meadrieethdns ratteasmseded for good

resolauEAce lenthaisauies righigeteminishaReIoN iafibs, speaiaReNed88s are not

urface, (d) determining the height Hof the  target using the equatiqn, (L2 -
fixech By e (o R RGP A SR 4 RS R @Razr.mh does not

proviiR)2 dwber S&bﬁﬁiﬁﬁﬁﬁlﬁ%ﬁtmﬁ&gﬁl e thi{E‘*mE f)tg?gé% Ulgdatinﬁ the ne
eter Hp using the formula HP = (Re+H)2 - a2 -Re,. wherein Re is ,
TR E O S mBraC (5 RBRcting (e TS iae oD o arigst vsing
paratiBters available at an aircraft.

SUMMARY OF THE INVENTION
[0004] One aspect of the invention provides a method for determining the height

H; of a target above a surface. The method comprises the steps of (a) determining a
distance R from a source to a target, (b) determining a distance L representative of a distance
traveled by a signal from the target that 1s reflected by the surface to the source, (¢)
determining a height / of the source above the surface, (d) determining the height H,of the
target using the equation,
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(e) determining a parameter ¢ using the formula

'\/Rz H(HTMHP)E . e e
a= T » wherein H,, 1s inttialty set equal to H,
1+—L
HP

(f) updating the parameter 17, using the formula

H, =/@®e+ H)* —a* —Re, wherein Re is the radius of a sphere,
(g) repeating step (e) using the updated parameter /),
(h) repeating step (f),

(1) determining a height of the target using the formula



(h) repeating step (fl, (i) determining a height of the target using the
formula-2Ja HHTR =- Re+ (Re+ HT) 2 +a- (HL 1L P and outputting
the height HTR. [0006] The invention also encompasses an apparatus
comprising a radar transmitter for emitfing radiation and located at an
altitude H above a reflecting{surface, a rad% Jecgiver for detecting the

[

radiation reflecrerifromize loEbtdtHat % rE?t ude Hr above the
reflecting surface, and a précessor for calcutating the target altitude HT
from.the relationshi (L%H- HT 4H wherein L is a path length of the
radidt AR efllp&ﬁ’r% et and the reflecting surface to the
receiver, and R is a range between the radar transmitter and the target. L
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ecting surface and to the target. BRIEF D RIPTIO! )
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another aircraft and target system that illustrates the method of the
surfareniadh a[nmgfﬂﬂré%crsl%l{am ralast altiiudeighdmmaiths reatigpship
loop. [0010] FIG. 4 is a block diagram of an,apparatus that can perform
the method of the invention. DETAILED DESCRIPTION OF THE
INVENTION [0011] This invention relaté&to methods and apparatus for

whiéRding the paietpiheofatgetdiidomuiingtd hisinalieRdneaehe reflecting surface
o gﬁbodiment of the invention, a flat earth type model. is used. In a second

EeefvE Al is AdangtoRriesiL e radar transmitter and the target. L is also the
path length of the radiation transmitted by the transmitter to the reflecting surface and to the

target.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007]  FIG. 1 is a diagram of an aircraft and target system that illustrates the method

of the invention.

[0008] FIG. 2 is a diagram of another aircraft and target system that illustrates the
method of the invention.

{0009]  FIG. 3 is a block diagram of a height finding iterative loop.

[0010]  FIG. 4 is a block diagram of an apparatus that can perform the method of
the imvention.

DETAILED DESCRIPTION OF THE INVENTION
[0011] This invention relates to methods and apparatus for finding the height of

a target using multipath information. In one embodiment of the invention, a flat earth type
model is used. In a second embodiment, a spherical model is used.

[0012] The geometry for the embodiment of the flat earth height finding model is
shown in FIG. 1. In FIG. 1, a first aireraft is located at point 10. A target, which can be a
second aircraft, is located at point 12. The first aircraft is located at a height H above a flat
surface 14. The method seeks to determine the height H of the target above the flat surface
14. Vector 16 has a magnitude R, which represents the distance (range) from point 10 to
point 12. In a practical implementation of the invention, this distance could be determined
using a radar in the first aircraft. Angle € is the angle between the vector 16 and the flat
surface 14. Vectors 18 and 20 represent the path of a multipath signal, which may be a radar
return signal from the target. Vectors 18 and 20 have lengths L; and L,. Point 22 is the point



[0012] The geometry for the embodiment of the flat earth height finding
model is shown in FIG. 1. In FIG. 1, a first aircraft is located at point 10. A
target, which can be a second aircraft, is located at point 12. The first
aircraft is located at a height H above-aiflat surface 14. The method
seeks to determine the height HT of the target above the flat surface 14.
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as: 22 is the point -3- at which the flat surface reflects the return signal. This

point is referred to as the ground bognchinf ction point of th ) ultipath

signal. [0013] The closed form soluti i 1ot Th ztarget height H derived

© As seolellawsTEhe, wistapeadi pualar o e settyilsignal, also called the total
ground bounce length, L is defined as: L =Li+ L2 (1) As shown in FIG.

1, tHeTdlavantistingmdien hediss pinga iRtheaigge distance from the
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oA R BOneR b % G O M Binl ST gt bounce

inflpgint PomfThe angle between the range trajectory (direction from the first
rizon (the flat surface 14), and z = Apex of
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about the segment a axis such that an auxiliary triangle 28 is formed

beldWiHehHEbn A EGAAdBaiFNES tBisHORY S atriap dame thpdirairratt o the
target) and the horizon (the flat surface 14), and

z = Apex of an auxiliary triangle.

[0014] A right triangle 24 is defined by the first aircraft altitude H, vector 18, and the
segment a. The triangle 24 is mirrored about the segment a axis such that an auxiliary
triangle 28 is formed below the horizontal surface line 14. Point z is defined as the apex of
{riangle 28. Due to symmetry, the distance from the target to point z is L. The horizontal
component of the distance from point z to the target is a + b and the vertical component of the
distance from point z to the target is H + Hy. From these parameters, the total length L of the
ground bounce signal path conforms to the following:

I =(a+b)* +(H+H,)* @
By using some trigonometry equivalents for a + b, equation (2) can be converted to:
‘(a+b) ={Rcos8)* =R*{1-sin*@)=R*~(H,-H)? 3)
Inserting the result equation (3) into equation (2) leads to:
[} =R*~(H,~H) +(H +H,)* @
Solving for equation (4) for.I.-IT leads to the closed form solution of:

N (L?- _RZ)
=t )



triangle 28. Due to symmetry, the distance from the target to point z is L.

The horizontal component of the distance from point z to the targetis a +

b and the vertical component of the distance from point z to the target is

H + HT. From these parameters, the tofal length L of the ground bounce

signal path conforms to the following: L2=(a+b)2+(H+HT)2 (2) By using
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[0017] A fourth signal retumn represents a path from the radar transmitter to the
ground bounce inflection point and then to the target. From the target, the signal returns back
down to the ground bounce inflection point and back to the radar, The delay for this signal
return corresponds to a distance of 2%L.

[0018]  Besides providing insight into how target height varies in relation to the input
parameters, the flat model (i.e. equation (5) alone) provides a means for computing output
errors that are very close to that of the spherical solution and for very long ranges on paper
\_vithout having to create and run multiple simulations.

[0019]  Output errors are computed differentially using equation (35). Using equation
(5) directly, one can enter a scenario using nominal values for R, L and H to compute an Hr.
Subsequent to this, one can then take into account what would happen if any one (or all) of
the inputs (R, L and or H) had a certain amount of error associated with it by recalculating a
second Hy with the input offset error(s) applied. In the real world, R, L and H are not perfect
and will have some known errors associated with them. The difference in the results for Hr
from the case where the inputs having no error, and for the case where the inputs having

some certain amount of error, accurately predicts the target height error for a system using



[0017] A fourth signal return represents a path from the radar transmitter
to the ground bounce inflection point and then to the target. From the
target, the signal returns back down to the ground bounce inflection point
and back to the radar. The delay for this signal return corresponds to a
distance of 2*L. [0018] Besides providing insight into how target height
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computed differentially using equation (5). Using equatjon_(5) directly,
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happen if any one (or all) of the inputs (R, L and or H) had a certain
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belput offset error(s) applied. In the real world, R, L and H are not perfect
and will have some known errors associated with them, The difference in
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more complex models on a computer which dan't hé%ﬁa closed fgrm
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. method for determining the output noise_ density fupction based on input Lat
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are Tiblie Wapands en fapgombination of how the inputs (L, R and H) are
characterized from a probabilistic point of view, along with US%;%T rg{%y%\tr{g'}{) to zero
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pro %ffﬁ#'%c? %Satlec)tr?hfs p\;z?ttl)laggligtii%g Q%S?%gr%{%ogu%ﬁ mean, varjance and statistical
shape (noise density) is then derived. The difference from the mean output of Hr and the Hr
output when the input variance was set to zero, will be the expected output offset error. The
output variance and statistical shape (noise density) derived using probability and equation
(5) is the rest of the desired statistical noise output characteristic.

[0022]  Since the differential errors of the flat model are very similar to the differential
errors of the spherical solution, the flat model solution can be used as a tool to perform such
error estimates with very good results over very long ranges as well. The flat model also
provides a means for understanding the basic relationship of how inputs affect the output, and
serves as the basis for developing a very fast converging spherical height finding model.

[0023]  Differential error is one of the most important parameters used to study the
behavior of any system and its performance. It reflects how much the output can change if
- any of the inputs had a small error (change) associated with it. In real life, nothing is exact

and accuracy is key to performance. It is important to know how much Hr changes for a



and H, which would then be used as inputs to the height finding process
(via equation (5)), along with use of a combination of probability and
calculus to yield the resultant output noise (density) characteristics.
Because equation (5) is a closed form galution, such calculations are able
to be done on paper. [0021] To do an analysis, one would set all the input

knovalinipeesrtof bhdn AR HEgecaneiieedhRiNRLL ANQYAIEHIIR a small error is
calculate an initial Hr using eg#gation (5). Then using probability and
citRA

called, e 9L i) samsd e ay tohak W AHPULHRINCE AR drapaiefit arrameter

to wdeRe(dcise @qagjﬁyﬁﬁg{s@ﬁdégrived. The difference from the mean
' \?&Lﬁ%f)%lé[] of HT and the Hr output when the input variance was set to zerq,
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is the rest of the desired statistical noise output characteristic, [0022
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equation (5)) allows easyrand igégr@;i approxgnation and assessment of

the sensitivity of the outpyt to @dy-ciosé€idlthe spherical model
solution) on paper, with6Ut having'to create ar% run multiple simulations.
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[0026]  Sensitivity factors as a percent of Hr in respective order are as follows:
100*2L -100 100*2R
2 2y ? ? and 2 2
(I"-R") H (L* —R%)

[0027]  These factors depict one aspect of the power and worth of having an exact

(7B}

closed form solution. Note that by inspection, Hr is more sensitive to L errors than R emrors
by the factor of L/R. Hris also very sensitive for cases of low aircraft altitude (smail H). On
a percent basis, when L is very close to R (for example, for a low target altitude) the output
€ITOr as a percent increases.

[0028] The position of the ground bounce inflection point, which is the segment a
length, can also be calculated. Using equation (3), the segment b length needs to be
eliminated from the left hand side. Using symmetry, b can be expressed as follows:

H,
b= a(?) ()



and normalizing by HT results in the following: T -[(L22 R2)]bz,-LHJsH-I
(L22 R2)j (6S) [0025] These differential equations allow one to gain insight
to the sensitivity of HT to its inputs on both a direct and a percent basis.
The sensitivity factors for L, H and R, which may be computed and
compared, are as follows in respective order: Lz z 2H, (4HR ) , and 2H

SubstiietrRNatHR0iaeIP(IP AdRURIW TS flalRA change of an input to
the amount of change the output would have for a given nominal set of
inputs (which is useful for anzq}fg&is@mp -ag3éssment). [0026] Sensitivity
factors as a percent of HT n Tespectiyeorder are asfdllows: 100*2L -100

%

100*2R (L2-R2), H, and (L2-R2) { 27] These factors depict one
aspect of the power and worth oth an exact closed form solution.
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the factor of LIR. HT is also very sensitive for cases of low aircraft altitude
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cases where range versus tolerable error is within acceptable limits. For
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. useful in itself. Absolute accuracy degrades with increasing range. ] '
diagramenler Sheriamrsrstibrighbhs %ﬁem@t@quaﬁgﬁ%%dﬁg@efwﬁwﬂ is Jocated at

point 40. A target, which can be a second aircraft is located at point 42. The method seeks to
determine the height HTR of the target above a spherical surface 44. Vector 46 has a
magnitude R, which represents the distance (range) from point 40 to point 42. In a practical
implementation of the invention, this distance could be determined using a radar in the first
aircraft. Vectors 48 and 50 represent the path of a multipath signal, which may be a radar
return signal from the target. Vectors 48 and 50 have lengths L; and L. Point 52 is the
ground bounce inflection point of the multipath signal.

[0031]  H is the height of the first aircraft above the spherical surface. Line 54 isa
tangent (o the spherical surface at the ground bounce inflection point and the FIG. 2 depiction
is oriented such that line 54 is also horizontal for ease of discussion. Hp is the height of the
first aircraft above and perpendicular to line 54, Hris the height of the target above and
perpendigzular to line 54. The horizontal component of vector 48 is a. The horizontal
component of vector 50 is b. Re is the radius of the sphere, which in this example is the
radius of the earth.

[0632] The development of the spherical solution utilizes the flat solution to relate Hy
as a function of Hp. Relations between Hp and H, and Hr and HTR are also developed. First
consider the relationship between Hy and HTR. A right triangle 60 can be formed such that
the hypotenuse is a segment 62 (Re + HTR) which extends from the origin 64 to the target. A
line segment of length b forms a first leg 66. The distance (Re + Hr) starting from the origin



and without input errors or equations (6) and (7)) equation (5) yields

significantly more accuracy for even much larger ranges, and it can serve

as a useful tool to estimate input offset errors and errors due to noise with

results that are similar to a spherical mgdel. [0030] A second embodiment

of the invention uses the spherical model. FIG. 2 is a diagram of a
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radius of the s&here, which in this example is the radius of the earth.
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HTR are also developed. First_consider the relationship between HT and
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Wos4e: RakeRadbirloidbp madel, Whieibhostes i stancendralotasagiieheand Hy,

.Jine 54 [ icul lipe 54), and HTR _Radijal Target )

is 1“%@%@%@5&&%2%%@% %ﬁ}%{éﬁe@ swx%ch § would lmt?a iy be sgv?tched to input
parameter H as an initial condition as iflustrated by block 76. Hr is estimated as shown in
- block 70. Then a is estimated as shown in block 72 by the application of equation (9) to FIG.
2 (upon replacing H by Hp). Next, Hp is estimated as shown in block 74 by using equation
(12) solved for Hp. The position of switch S would then be changed so that the estimated Hp

is used as an input to blocks 70 and 72 for iterations of 2 or more. The calculation in blocks
70, 72 and 74 can be repeated until an acceptable estimate for Hp is obtained (i.e an
acceptably small change in Hp occurs from one iteration to the next). A single calculation
after iterating the loop, using equation (11), results in the final target height, HTR.

[0035] The spherical solution is an iterative approach, which was derived by an
extension of the flat solution. Because it uses feedback, it converges very rapidly (e.g. 2
iterations for a 0.1 nautical mile result error and 5 iterations for a 0.001 nautical mile result
error). Because so few iterations are required, the spherical earth calculation may also be

computed with pen and paper with a little effort. The spherical calculations derived here can



and from symmetry, b = a Hr . Solving for HTR gives: P HTR=-Re+
(Re+HT)2+a2l HT] (11) L P [0033] To compute Hr. an iterative feedback
loop can be used. This feedback loop can be implemented as follows.
First Hr is estimated using the flat solutgon in equation (5) with an initial
condition of Hp = H (and also using the corresponding variables in FIG. 2).

alsd\batadeblipajeickl ea akidyls ferade: Using &5t 1@\5'@9 204 SO0 M3 hines the
the co |jEzbspondl variables depicted in FIG. 2). rom these results,

posiian, o tacigrey bl SRR d a (in a manner similar-to the

redaBey of MTMetp4dr) by sehvimésic HRHmARe daleuing hJBSéAﬂPtL%&@&ro account
th%Re-l-Hg 12) [0034] The feedback loop model, which relates H to Hp and
OIS feOTSHHTPIIEEI S BYdaR PFEset of e eABhctadiUsIan 3he spherical

calcﬁﬂﬂtﬁih%ﬁi\@bl&ﬂtdﬁht%m SWHERRAVRIBRUARAIGMEIRS pEATRR IfiRko ot address

dition as illustrated by block 76. Hr is estimated as shown in block 7

"“‘1’ 0 binga Rty %g%swméﬂﬁiay%taﬁm&m@wmhmm

IG.sevimonasePlasied
of 'ﬁ(zm% by using equatlon (Jﬁ.%;péxcﬁ?g%n%f %p%\%%ggﬁgﬁlﬁg@vﬁ%%ﬁcwmcy

ﬁtﬁ@ﬁt{?él dRdhgealstenpherictlssphation HFhes reelis ssaddpisteddn Table 1.
ThelORIsaITO @RbRAME I1BERLROTIAN 28H4NLE! E@%@%'%gaﬁamebé%gé ifOthe target

helggz nd 74 can be repeated until an acceptable estimate for HP is obtaine

1f 1O RSB S mEICRENGB S PRI DRSNS TSP Bre Hegiobtheospherical model.

In TaBM)L Ansingie selspfioncAlighdamingihe:loapyHsing.cayation (11),
results in the flnaltvﬁﬁet height, HTR. [0035] The spherical solution is an

iterative appfé2 HirgitiaEros SRHIOR Ys ot pherftabsolution.
Because It uses feedback; it CONVergeEs very rapidly (e.g- 2 iterations fora

adcaautical ngy SUltjert 0 T@gra a G atymi
res%'alt erfor). B%%guse (o) g{@%@tlc ns rﬁéIII{aga&Eured ltgr?ﬁ%gn I flaar Fl]irror
calculatign may also b¢ computed with Qg&&ﬁd paper W|th a little effort.
blg Sphdrical cgleuratons dgkyedtigre f’ﬂ'SY&ng be Nﬁfu tif] quibwA

249.‘%‘%1& Y, TOr yse in a Com@ﬂsr PT dislz. mgclt Illllllﬁagllc ¥; ou.lu3 gj
g5 grou d DC{U&I&F '””J('“U'Q,Ef”” [wuoﬁi HYEe Past albcg.llluophCHCO z
JgHUMg .,Uneuiun ha u?:@ W rl“lhu m\dbgg 051 . 0.53
Case 2
Range Height Bounce Spherical Spherical Flat Error
Distance Target Ermror
Height

0.5 : 0.5 1.25 0.65625 N/A N/A
0.55 0.5 1.25 0.630127 0.026 0.025
0.5 0.55 1.25 0.59644 0.06 0.066
0.5 0.5 1.3125 0.73633 0.08 0.078

[0038]  Noise is also a source of error and because the flat model closely matches the
spherical situation in terms of differential error, output noise density as a function of input
noise densities can be computed/estimated on paper with use of the flat solution in equation
(5).

[0039] As a simple example, if the ground bounce distance estimate were the
dominant input noise source and it was uniformly distributed, the noise density of the target
height output would be close to a triangular shape due to the L? term in equation (5). Other
input noise densities or combinations-of input noise densities with mean and variance can be

applied and the output noise density can be closely estimated on paper. The noise-induced



either as a post correction process or by an offset of the earth radius in

the spherical calculation by a certain amount. The derivations and

solutions provided here do not address atmospheric bending, but a user

can correct for this effect using known tgghniques. [0037] Several cases

have been examined to compare the differential error accuracy of the flat
errdP b AR Bk e RIRHEA 59w re AeRicied in Tanle .

.1. These re%ﬁlﬁts demonstrate tﬁgthﬂggﬁgn%ﬁgﬁggﬁb%e%?s%é&%g‘g? inata 2ton ©)
withr R dfisthand reenprsing s avsnlh pettherompiedanufingieisodeasdy mean value
resMRIY close to that of the spherical model. In Table 1, numbers in bold

italics depict where the error was induced. Table 1. Differential Error

. O8RMrisolrgmathes 2Bpyredestyintiane it Blagd iHeiyHiBapprrenSingritel invention

roIRRETICRIALEITRY: RiniAnce Tarael Erigr el 214315149 N
PNIA” 249.5958 1 551-132.oz%g%%gﬁf%ﬁgoﬁgﬁéfbﬁi.6f§%}36% oﬁ.%’f the flat
modely theounhod @arBpIdes the Saps 3 lCrse @ifgpmdistamighit iomnceource to a target,
deteBhigrical qpbericet ElatError. Di > dargef Error Height 0.5 0.5 1.25
. 0.6562%a+\|/A e 1d Ioa.gs [i%*sp%%ggo%‘?%%z a&?@?@}g%%g@ ﬁ%‘ the target that
is ool iy b0 BBHCe. B OIB a1 Cd8EaRlnes:theight [H0aBIHdaiserie above the
surBI80 aRCHLeS- Al EHOHRANERgFaYS flat model closgly matches the .

spherical situationﬁl‘g termskg} ﬁfe%fetr{}ﬁ%ll%é%ﬁ aéltﬁitctp]&f%éggo et@ﬁ?/fg% igput exrors)

USiﬁ&ﬁh@iGﬂl@finut noise densities can be-computed/estimated on paper

with use of the flat solution in equatio? {5). !9839] As a simple example, if
the ground bounce distance estiﬂyat:e o
4H

[0041]"  For the spherical model, the method further comprises the steps of:

(a) determining a parameter a using the formula

R —(H, - H,)? o
a= I , Wherein Hp is initially set equal to H;
+==
HP

(b) updating the parameter Hp using the formula

H,= J (Re+ H)* —a® —Re, wherein Re is the radius of a sphere;
(¢) repeating step (a) using the updated parameter Hp;
(d) repeating step (b); and

(e) determining a height of the target using the formula

2
HTR = —Re+ J(Re-}- H )+ az[%] :

P

[0042]  Steps (a) and (b) can be repeated until the parameter Hp is determined with a
desired accuracy. | |

[0043] FIG. 4 is a block diagram of an apparatus that can perform the method of thé
invention. A radar 80 can be mounted on an aircraft and a target 82 can be another aircraft,
- The distance R from the radar to the target can be determined using well-known technology.
The distance L = L;+L, is the distance traveled by a multipath signal, which can be a radar
signal reflected by the target toward the ground bounce point 84 on the earth 86, and



dominant input noise source and it was uniformly distributed, the noise

density of the target height output would be close to a triangular shape

due to the LZ term in equation (5). Other input noise densities or

combinations-of input noise densities with mean and variance can be

applied and the output noise density can be closely estimated on paper.

- rroron the output can be assessegd b ing.

S o, A T M o BB B AR st can
deteprineshet boight ompburaeetn Foneisadensityenéanthialperaresiols JIORGId L and

iption. it.should now be apparent that the jnyention
i R e R DR P
heighiiathenrbsphadthorobdeyithdelivthotiasomprisms tyeshtspstof block 92.
ini el urce, to a target, determinin . .
U L e (e L R e
wilkibgtapparsié deethne thid byt iacbeouthth stoumieysletenpiningnebheighit Koahe described
f d determining the height HT of the targe ,

o B Rl S8 SR S RSB R S Rli onowing
claigist [0041] For the spherical model, the method further comprises the

steps of: (a) determining a parameter a using the formula a = R2 -(HT |

HP )2 wherein HP is initially set equal to H; 1+ r HP (b) updating the

parameter Hp using the formula HP = V(Re+ H)-a2 -Re, wherein Re is the

radius of a sphere; (c) repeating step (a) using the updated parameter

HP; (d) repeating step (b); and (e) determining a height of the target using

the formula HT 2



HTR=-Re+ (Re+HT)2+a2[] HP [0042] Steps (a) and (b) can be repeated
until the parameter HP is determined;with a desired accuracy. [0043] FIG.
4 is a block diagram of an apparatus that can perform the method of the
WhatlyenigRgAsradar 80 can be mounted on an aircraft and a target 82 can
be another aircraft, The distance R from the radar to the target can be
determined using well-known technology. The distance L = L1+L2 is the
1. distaneghisdVetaitiaynaining tipatregigh&l; viltdcargahdbee adarfasigripé method
rget toward the ground bounce point 84 on the earth 86,
comé%%ﬁﬁil‘?es@hbﬁéggé&mly reflected by the earth to the radar. An altimeter 88
in the first aircraft can determine the height H. A processor 90 receives
val(@SrteminparasistarsHR TR Bafgeder jate’ithe target height
using the methods and equations described above. The target height is

thepp pisaanas ey Sepmvss URlveRMh s SRERIistasce ravaIBY bjackighal from

[0044] While the invention has been described in terms of several

em oﬁ%ﬁtﬁ]ﬂ '?/\ﬁﬁ?%&?ggﬁgrsl@rﬁ (o) ﬁggéosﬁﬁe?i‘*ﬁ“‘tﬁ’e art that various
changes can be made to the described embodiments without departing
frorfe)etscofréngfaieighien i thessetdeabydvalibefclo@dsy claims. 12
What is claimed is: 1. A method for determining the height HT of a target
ab risiagdthe; ' etermining a
o T e S e |
representative of a distance traveled by a signal from the target that is
reflected by the surface to the urcéﬁc—} g@rmining a height H of the
source above the surface; (d) eté:rr"ﬁ‘lﬁfﬁﬁﬁ‘e height HT Of the target
using the equation: _ (L2-R2)HT-T 4

(e) determining a parameter a using the formula

VR = (H, - H,)’

1+&
HP

wherein Hpis initially set equal to H;

(f) updating the parameter Hp using the formula

H, =®e+ H) —a* -Re,
wherein Re is the radius of a sphere:
(@) repeating step (e) using the updated parameter He,

{h) repeating step (f);

M determining a height of the target using the formula

2
HTR = ~Re+ \](Re-z» H.) +a{i§—l} ;

P

and



(e) determining a parameter a using the formula R2 -(HT -HP)2 a + HT
HP wherein Hp is initially set equal 1q4; (f) updating the parameter Hp
using the formula HP = (Re+H)2 -a2 -Re, wherein Re is the radius of a

@gh{%ﬁﬁ% ﬁ%%?@ﬁiﬂﬁtep (e) using the updated parameter Hp; (h)

peating step etermining a height of the target using the formula
HTR=-Re+ (Re+HT)2+a2H 2 T; 1HPI and 13 outputting the height HTR.
2. 2. Trreemmethod of elkiim 1] wiibasieiththetsiesr aetrtaimigin distsheaRoEoR a

souf{:%qgaa %qué{;%ot% ﬁ@g%@g%%%gﬁes the step of: determining a range from

a radar at'the source to ef. 3. The method of claim 1, wherein the

step of determining a distance L representative of a distance traveled by
dete{rgigingl rAnanh & earFotadn 3t thefleewsesiy the tatgghce to the source

comprises the step of: using a delay of a radar return for a signal to

3. etaBIRRbE o SRR AIARURH e o BB TREIBRAIAS e uberein the
step of determining a djstance Ilébfrec%resentatlve of a distance traveled by
reD R AIRING i AR (ARG RV 0 SHB IS TEE (o RIBB LT Bhis Soleied bY the

surfeomisrtbesthacsteprofrrissmtha stefagfof a radar return for a signal to
determine 2L, and dividing by 2. 5. The method of claim 1, wherein the

usir PRIty nine B IS GEs #ﬁ@&?@%ﬁ%@ pia diRiPagsAYelsd by
y the

a signal from the target that is rétlecte

4, The method of claim 1, wherein the step of determining a distance L
representative of a distance traveled by a signal from the target that is reflected by the
surface to the source comprises the step of:

using a delay of a radar return for a signal to determine 2L, and dividing by 2.

5. The method of claim 1, wherein the step of determining a distance L
representative of a distance traveled by a signal from the {arget that is reflected by the
surface to the source comprises the step of:

using the delay of radar returns for signals that determine both R and L+R and
subtracting the two.

8. The method of claim 1, wherein the step of determining a height H of the source
above the surface comprises the step of:

using an altimeter in an aircraft to determine H.

7. The method of claim 1, wherein steps (e) and (f) are repeated until the parameter
Hp is determined with a desired accuracy.

B. The method of claim 1, further comprising the step of:
estimating errors due to changes in input parameters.
Q. An apparatus, comprising:

a radar transmitter located at an altitude H above a reflecting surface, for emitting
radiation;



P

surface to the source comprises the step of: using the delay of radar
returns for signals that determine bo§yR and L+R and subtracting the
two. 6. The method of claim 1, wherein the step of determining a height H
a raghthReceRUraer abRYErE P iRpEEMIBRIISPSHS (2i9R 15 HRAGAR A IMBIEH,
b in %‘n aléﬁ;ra{jt to determine H. 7. The method of claim 1, wherein steps (e)

20 ?ffe e Qgé %‘:ﬁnﬁpfhe parameter Hp is determined with a desired
accuracy. 8. The method of claim 1, further comprising the step of:

a prestsnatiity eriarsihgthe trgatelitinde phtfpandhzetelstichsAip apparatus,
comprising: a radar transmitter located at an altitude H above a reflecting
surface, for emitting radiation; 14 a radar receiver for detecting radiation
reflected from a target locate tgn(a(lftitud@ HT above the reflecting
surface; and a processor for cal%ulatingqgm target altitude HT from the
relationship (L2 -R 2) HT 4H wherein L is a path length of the radiation
reflected from the target and the reflecting surface to the antenna, and R

WheSlR FiRGePBEhRETIRG therar tRhrrli eriedt i m e tasart anAdheirriivsting

surfpeedesse ardetermaresRiiparemgtdsavisingibe foamanteana Zrit th pa)get] and
+ Hr HP wherein Hp is initially set equal to H; updates the parameter HP

whetsi %@&ggg&g@ HP = (Re+ H) z - @' - Re, wherein Re is the radius of a
sphere;

determines a parameter a using the formula

\/R2 “’(HT 'Hp)z
I+gf_
HP

wherein Hpis initially set equal to H;

updates the parameter H using the formula

H, =+(Re+ H)> —a* —Re,
wherein Re is the radius of a sphere;

repeats the step of determining the parameter a using the updated parameter Hp:
repeats the step of updating the parameter Hp; and

determines a height of the target using the formula

H 2
HTR = ~Re+ (Re+HT)2+a2[~H—T} :

P



repeats the step of determining the parameter a using the updated
parameter Hp; repeats the step of updating the parameter HP; and
determines a height of the target-using the formula z HTR =-Re+
(Re+Hr)2 +a2lj Hr P -15- MULTIPATH HEIGHT FINDING METHOD
ABSTRACT OF THE DISCLOSURE A method for determining the height
HT of a target above a surface, the method comprising the steps of
determining a distance R from a source to a target, determining a
distance L representative of a distandedtraveled by a signal from the target
that is reflected by the.surface to the source, determining a height H of
the source above the surface, and determining the height Hr of the /target
using the equation: _\L2 - R2 ) Hr 4H Associated target height errors that
result from inpuMEdbIEATHSIBE e FRmeie A Eid eation. Fig. 1

ABSTRACT OF THE DISCLOSURE

A méthod for determining the height Hr of a target above 2 surface, the
method comprising the steps of determining a distance R from a source to a target,
determining a distance L representative of a distance traveled by a signal from the target that
is reflected by the surface to the source, determining a height H of the source above the
surface, and determining the height Hr of the target using the equation:

(£ -R*)
4H

Associated target height errors that result from input errors can also be determined using the

H,=

equation.

Fig. 1



