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Effect of Multipath on the Height-Finding
Capability of Fixed-Reflector Radar Systems
Part 4: Effect of System Noise

L INTRODUCTEIN

In previous repox‘tsl'a we have studied the effects of multipath and the
CW-396A radome on the height-finding capabilities of an air search radar. In thig
portion we will consider the effects of system noise on its operation, A summary
of our results on noise effects is contained in Table 1.

(Recetved for publication 26 January 1977)
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Table 1. Summary of Important Results for Target at Elevation

{a) Multipath Absent (No Clutter)

angular error = Op °

(b) Multipath Present (No Clutter)

angular error = g, + '(AB) |
- 1/2
-1/2 2
M, £7(0)
¥ 8.7[2(5—) ] 1+ 21
M1

or |0y
810 M, N

= bn

4 s £,(0) 2

(V]

where

(£;(0)) 2 . power pattern of high beam in absonce of multipath;
(£,40) 3, power pattern of low boam in absence of multipath;
(o) 2 2 ' 2,2 wy

-Ml"lwn' = (0" + 2 DI (o) £){~0") cos ¢y +p"DE(-0")

= total power received on high boam;
g it e (N + 2 DE (O (=" cos v *QQD""(: (="}
g R N R (Nl N Yo (A

i total power received on low boam;




Table 1. Summary of Important Results for Target at Elevation (Cont, )

= gignal to noise ratio on high beam in the absence of multipath
(not in dB);

2 2 1 2.2 1y 2
N/ 202 202

= total signal to noise ratio in the high beam;

2 Diy(-0" cos yy [fl(-n")]z .

M, =1+
1 f;(e) £,(6)
2
20DFf (=§") cos ¢ £ (-9") : (
M s 14 O SR g
0 X0 )

M1 and M o ve the normalized total powers in the high and low beams, respec-
tively,

3, THEORETICAL ANALYSES

From Referonce & we recall that the signal voltage yeceived by the primary
horn is proporiional to ' '

S =Re{lf (o) + ‘Dl' (-0 aw"l uh‘"} ‘ | (1)
S, whefll, pDE, a '
-and the signal received by the secondary horn cun be written as -

A W - -
S, + Refli(0) »pLE(=ghe Yy ey @




where the far-field pattern of the primary horn is
f.(0) exp lig (0] . y =4 (-4") - ¢o(e) +WAR+y
that of the secondary horn is
£,(0) exp [ip(a)] Uy =6,(-6") -~ ¢,(0) +t KAR +v ,
AR is the path difference between the direct and multipath links, v ig the phase
angle of the ear:h vetlecrion coefficient, p is the magnitude of the earth retlection

coefficient, and D is the spherical-earth dispersion factor, The angles g and ¢’
-are shown in Figure 1,

I*igure 1. Multipath Geometry

The noise n o in the primary channel, at the input to the log-amplifier can be
assumed to be a narrow-band gaussian process, and can be written ag '

n, * %, cos wh = Yo sinwt

where X and ¥, ave the in-phase and quadrature noise components, respectively,
Similarly the noise in the secondary channel is

TR uothv-,ylsim‘ql . ‘ ) | _ ', ) : ,(‘“
.U we now define

Ao * ro,w) '

]30 & "Dfo('d',) | , |




A =i,
By=o Df(-g") ,
we can write the total voltage in each channel (at the input to the log-amp) as
€, * (Ao MR Bo cos wo) cos wt - (Bo sin Yy + yo) sinwt (5)
e = (A1 x4+ B1 cos wl) cos wt = (B siny, + yl) sinwt (6)
The output of each log~amp can be written as
et=Kln le|2 ,
where K is a constant and Iel g is the envelope squared of e, Therelore
o = Kin[(A, +x, + B cos y)° + (B, sinv, +y )% , n
of < KIn[(A, +x, + B, cos )% + (B siny, +y)4 (8)

and the output voltage V defined in Figure 1 is then

2
Va=Kin

ey
[ ]

3&:! B‘ ).; Eil * )‘:
My o=l #nScon gy | = Fe—5gin gy F -
17 A Y BT IAY: 17,0

PRTE YR TU A Sy SNNUEn S ()
SRRt o f My | b ey 2
Mu*‘]““"‘ 1 ““h 0N \l’o “"":)“'—"a"“ﬁinq i“""a"
v 7 A v o




where

2B B, 2
M1 =1+ A, cos d/l + o , (10}
1 1
2B (Bo)z
M_ =1+ —<cos ¢ + |+ . (1)
(o) A0 o A0

The first term in () is precisely the voltage one would have if there were no noise
and no multipath. The second term contains the combined effects of the noise and

multipath, Note that because x Yoo Xq» Yq ave random quantities this second

O.
term is a random variable.
&1 Gase 1 Multipath Absent

Let us first study the effect of noise on the reccived voltage V., If multipath is
absent we have B = B, = 0 and (9) becomes

axy (xf + y%)

Veget =
VsV +Kln t M . g (12)

© &, (x2 + y&)

0 Yo

1+ A= ¥ —y

N (4] A o J
where -

VQ l\' In A . - (13)

[+

‘Note that \'“ is the voltage which corresponds to the uctual target altitude, That
- dw, the turget elevation o s : : : o

B (14)

(e Egs. (1) and (2) of Keferenen 2), .




} ) . If the signal to noise ratio is large, the second term in (12) can be expanded
’ in a Taylor series in

X1 1 ( 71 ) 1 ( *o ) 1 d so forth
)« , << R —_— 1 K ’ ana so io .
A N A,

If we use the fact that

(XD =) =Fp =y =0, (15)

(X1¥) = (Xg¥y) = (X)) = (X ¥ =0 . (16)
<X§> =<y(2,) = <Xf> = (ﬁ) = 0,2, , (1n

where ( ) denctes an ensemble average, we can show that

(V) =V, ., (18)

1
+ . (19)
a%

0

AR

~ 0y = (V¥ - (0% = ax¥? (

Therefore, with noise only present, on the average the volltage measured will he
the correct voltage VO, but thore will be a spread in measured values about the
eorrect value V0 with a gtandard deviation

me f1 . 1 \H/2 ,
oy o, [yt =y . : . (20
4 Al AO .

By using (20) we can calculate the mean square elovation error caused by this
- error in measured voltage., The voltage error AV and elevation evror A can be
rolated via ' '

ey | o |
T AV“-a'-a"A_l) . ' T ' 7 (21)

11




Therefore
2
AV
(a6 =3 >T' (22)
dVO
g
or
(23)

B Oy
7, ‘/(Ao”) (EVVO“)“ .

“dp

Of course {AA\ - 0 by virtue of (18). 1If we substitute (20) into (23), and use the
fact that '

dv A £, (0)
/9 - '~d—-. o l»- 8 '-g. --»1 Jrp.
o 2K 40 ln(AO) 2K Qo In [rom)] .

we get
y  \1/2
Jé + 1
1 \N
] T = e e e S s (24)

Finolly, we define (2/N) | (l/‘&)(Au,’un)‘! na the signal o noise ratio in the primarvy
channel, at the input to the log=amp. ‘The stundard deviation in the angular error
. then becowmes ‘

RRYE

N 0 1/3 i s
r()‘ o N “(J ¥
1 ’»l“‘o) bl .71V "\'l’"

u' N T T e 7}5 L Y g e A ap '.:- . - E, - . - 2 . .
' ')(ﬁ ) Ve A, In VL(G) o N ba ,‘l - '
"IN A dn 4 0)_J S B (1\ ) d, {10 dey of (o=
. o » L ] - ]

Y dn

RIC




&

T L

o

g

We can also rewrite (25a) in terms of the signal to noise ratio
(S/N), = (1/2)(A1/czn)2 in the secondary channel, We get

9 1/2
f1
8.17 1+(f—>
o

00 = - , - (25b)

2
1/2 £
S d 1
[2 (ﬁ)l] ag |10 Wm(q)

2.2 Case 2: Multipath Present but M, and M Never Zero

Let us now consider the effect of both noise and multipath for the case when
both Uy and Uy are not near (2M + 1)7z. In that case, even if Al and B1 are nearly
equal [that is, p Dfl(-e") o fl(o)], the quantities

2., _ a2 ) 2
AIMI = Al + 2B1A1 cos “’1 + Bl
and
2 Al . ) 2
AOMO—-A0+2BOA0LOS¢O+BO

are never close to zero. We next rewrite (9) as

A\ vO * vlﬂ

2%, B Xp gy, ¥
1+ WA (VY Rocos ) r 5 F —-sin ¢y + 0}
171 1 MIAI MIAi MIA1
+ K In 3 ) *
% B S 2B ¥
Pyt e xPeos ¢ ) - b — SRy + =y
k‘vo Ao Q M Au - (4] M 2
00 0o 00
{26)
whera
M

13
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Note that Vm is the error due to multipath alone; this is the error we would have
in the absence of noise. We next assume that the noise on each channel is small
compared with the total received signal (direct plus multipath), That is

2 SR
(x1) CAxY . \
7«1l , —5<«1 ,. andsc forth, : (28)
MlAl Mvo

We have found by numerous numerical calculations that (28) almost always is valid
in cases of interest. In this case we may expany the third term in (26) in a Taylor
series, After considerable manipulation, and the extensive use of (15) through
(17), we find

(Vy =V +V, | (29)

o2 < (V3 - (2 = ak% (30)
v=( ( """"2' "'"”_2
. o o

That is, in this limit the error in the average voltage is caused only by the multi-

path term V_ .. However, there is a spread about the average voltage with a
standard doviation

2Ka SR t2 (31)
) [ e r——— S .
v B Y 3

MAY M2

Upon comparing (31) with (20) we see that when multipath is present we veplace the
direct signals A1 and A by the total (direet plus multipath) signals

2,2 o 2 2 .2 2
M;A,lsalm.qxn, cos “‘1”’: and MOI\OEAO'.'MOBO(.OS wo-ﬂio .

By using (20) and (30) along with (21) we can roadlly oiwain the mean clevation

error and ity standard doviation, We got  , since &V 2 (V) =V =V +V -V,

(32),

14




) L \/2

o 7t 2

o T\MgA] MAZ

09 = (Ae ):'\"' A . (333)
d (2] .

0

If we define (S/ N)Mo = MOA(Z)/ 20121 as the signal to noise ratio in the primary
channel, including multipath, and

sy M4y
(ﬁ)xvu 2

as S/N in the secondary channel, then (33a) can be rewritten as

1/2 1/2
M al ) / MIA';’>/
. Q_0 +1 1+ 3
. s 1 M4, . 1 MgAo
6" T /s I8 5 A7 e ik g (Al) .
2($ In (3 n
[ (N)MQ] L) ('K;) [ (N )xvu] 46 I;‘

(33b)

Therefore, there is an average elevation ¢rror caused strictly by the multipath,
and a Ouctuation about that average caused by a combination of both notse and
- multipath, o : S '

2.3 Caso 3 Multipath Prosent uad Either M or M Near doro

Lt us congider the case when A o B, and by ™ % but ¢y » 7, ’ (The case
when A1 NBl and “"l ™ » {4 equivalent,) The condition A o™ 1’30 will occur for
situations where the earth reflectivity is nearvly unity; this may be th case for
small graztng-ungle sitvations,  For the small grazing-angle case we may have -
pD = 1and ~¢" & g, a0 that f,4~0" ~ 1{o), ' : '

L s e

*We can have ¢. , » wbut ¢y # x because 9 (-6") - 8,(6) 14 not neceasarily equal to
BN R\ LU - o




When Ao ~ B o and wo = 7 we may approximate (9) as

. 9 2x1 2x1B1 xf 2B1y1 yf

. MA] Nt gra- =g cos Y+ ——5+——7siny +—

.; 181 Al MA% M A2 M, A

! ' VeKlrn _ o .
x2 + y2

(34)

In writmg (34) we have assumed that the net primary-channel signal

2 200 L2
A°+2AoBocosw0*Bo (A0 Bo)

’

is so small that it is exceeded by the noise xf) + y(z) . If we again assume that the

signal to noise ratio in the secondary channel is large it is possible to expand the
numerator in (34) in a Taylor series, The result for the ensemble average of V
then is

(V) = Kin AN -Kqm ol +yh)y (35)

in order to evaluate (ln (xg + yi)) we use tho fact that X, and y o have a joint

- probability density
' p(xo, ya) = ;—« exp (- ""52"" . _ (36)
_ : “n %n
Then

i Lo o E £ 2 2
L a —(x Y )/ 20
(In(xi + yi)) ,..,,, 73 f dx- dy ln (x +y" ) n
- - B . 'P'Q »

. P /"03)
f r dl' ln (r") e »
0

'1. fdnnte._ ST ) )




22 2
(1mxo + yo)) =-C+1In (20n) . (37b)

where C = Catalan's constant = 0,577215. The integral in (37a) is from (4,331} in
Gradshteyn and Ryzbhik, 4 Upon using (37b) in (35) we get

2 \
A%m

%= R g it N8 Y (38)
Zan

A similar calculation yields
p 2
(v (e ) (39)

In deriving (39) we have used the relation

[

[+ o] R
(lna(xz + y2)> = -:% f dt ln:3 t exp (- —-tT)
a"n 0 %a

(40)

2 .
1'6. +(((.‘- lxx(2oﬁ))2

where the above integral is from (4, 335) in Gradshteyn and Ryzhik,

Ry using (38) and (13) we ean caleulate the mean elevation errov. We recall
from (14) that for a target at an elevation angle 9 the correet voltage we should
measure {in the absence of noise and multipath, which produce errorvs) is

. Axh. : ’ .V ’ _ -
Vo Km{p~) o o ) BRIV

4. ‘ (.v ulx.huwn 1, and Ryvhik, L (1065) T} nblm of hnwuals. Sevies, wid Producty,
' Acudemic Press (Nu 2 \’m'k). T e




Therefore the voltage error AV is

AV = (V) =V,
M, A} Af
=K 1ln +KC -Kln
T2 ra
n o
2
R MIAO e (42)
2cln2

Therefore using (21) we find that the mean elevation error is_

2
M, A
In ——l_'._g..)b C

20121
(40) = ) (43)
g5 | &
6 Q
and the fluctuation about that mean is
. T1/2
2 403
R A———
o M2 |V mad
U " {(a6™)y) R . (44)
,d <A1)
L 111} e vad
o

For the case when the signal in the secondary channel is negligible (that is,
: Al > B, and Yy ™ ») but that in the primary channel is not, we find '

RY




(46)

2.4 Case & Zero Net Signal in Bath Channels

If it happens that

¢0(-o") - ¢0(e) = él(-o") - ¢0

so that both Yy and d'l can simultaneously equal (2M + 1)r, where M = integer, it
is possible that the net signal in both channels may simultaneously equal zero
(assuming of course Ao o Bo,, A1 o BI)' In that case

50
Ve Kin|—5—s5 ] . (47)
¥ ¥ Yo
and
(\y~0 , (40)
9 6 D
oy (VO -(V)ar* o . - (49)
 Inthis case the voltage ervor
AV (W -V e, R o -~ (50)
wnd the mean elevation ervor is
o - . A
- .
. - - - l'l .‘»u....)
: : L '.'Vu_ ) I Au ) c
- (AO) ey SO —— . (51)

D | | 2 "
ag (‘2\““) a (A
o ) ° : ao,. ho




and of course

(86° =

3. SAMPLE CALCULATIONS

Let us consider the elevation error caused by noise alone for the configuration
denoted by Case A in Reference 2. et fo(()) denote the signal received in the low
beam and fl(e) denote the signal received in the high beam, Because, for small
target elevations, fl /1‘o « 1, it is convenient to use (25b) for the elevation error,
or

7 —2T (53)
S d 1
()" 45 s (2|

where (Q/N) - (1/2)“‘ /o )3 i4 the sigmal to noise ratio for the high beam, Par
target at olovation o - 0° we find from Figures A.1 and B.1 in Reference 2 that
d/dg (10 log g (fl/!' )2 } = 3.5/deg, so that 9.~ 25 (3S/N) '1/2. Therefore,
order to have an elevation error of 3600 ft when the target range is 100 miles we
require ¢ 0 +0,326°, This leads to o high-beam signal to noise ratto of 14,7 dB.

When multipath is present we get o ditferent requiremeont on (.S/N) becanse
now I(M)l + o, must Le less than 0, 326°, If neither M noy M is too small we
may use (32) and (33b) to obtain

Max Angular Ervor o« [(ag)| + v,

S ' / g\1/2
- M ey /2 maT)
4.35 m(ml) wur (3 Ty L

| of | 7 \Nay A2

— v
dé ! Wiogy (.« J)

20

S et
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If we again consider the configuration denoted by Case A in Reference 2 and again
require a maximum angular error of 0. 326° for a target at elevation ¢ = 0°, we

now get the requirement that

5 /2
M -1/2 M, f5(6)
1 23 11 .
Inf{s= )| +2 (=~ + ; < 0.263 , (55)
(Mo) (N ->M1 Moroz(e)

where

2pDE(-6") p DFf (-6") 2
My =1+ —%0e S Y | T

20 D (") DI (-
Mo =¥ e V%" | 7T | -

We may assume that the total signal M1 f? in the high beam is much less than
the total signal M ° fg in the low beam; this leads to the requirement that

M, \! 9
{5 R v 0.263 . (56)

T[]

Unfortunately, for the pattorns in case A of Reference 2 it turns out that usually
| (M, /MO)I > 0,263, Thereclove for this case there is no signal to noise ratio
which makes the angular ervor less than 0.263°, ' '

4. EUFECT OF CLUTTER

In general we can write the clutter return in the primary and secondary chan-

~ nels as complex phasors €, ¥, OXp (ino) and ¢y 7Py exp “"l)' respeetively, The
< net clutter return in each channel is proportional to the integral of the vadiation

pattern of each antenna over the comples clutter distribution hix, y). That is

Voo

1




c =rye © - const ff ds fo(x, y) hix,y) , (57)
E
inl .
e, =rye = const f ds fl(x, yhixy , (58)
E
ig,(x, ¥

where dS i is the element of s(urface area, f (x, y) = f [8(x,¥)) e
id,{x, ¥)
and fl(x, y) = fl [6(x,¥)] e 1 are the field patterns of the low and high beams

(with g and qbo expressed in terms of x-and y), and E is the illuminated region of
the earth's surface. For small grazing angles E is equal to (cr/2)(R¢2) where 7
is the pulse length of the radar signal, c is the speed of light, R is the clutter
range and ¢, is the azimuthal beamwidth, It is found experimenta11y5 that for
small grazi;xg angles, s and r 1 are log normally distributed random variables,
and N, and n, are unit‘ormly distributed random variables, Because the phases
are umformly distributed it is evident that (¢ ) = (¢,) = 0i of course (lc |2) and
dcll y are not equal to zero, The only other quantity we will have to caleulate
is (c %1 ») ; unfortunately this is not zero, because from (57) and (58) we have

(Couy™) = const ffff ds ds' 1 (%, y) fl*(x', ¥y ) hix, y) h*(x',y'»

and the correlation function
Rix, y:x', ¥') & {h(x, y) he(x!, 1))

18 not zero, t Thorefore in our calculations we will net, in genoral, be able te
ignore(g ¢ *)

We are now in a position to diseuss how clutter iy included in our analysis,
" When cluttor ig included, (5) and (6) become

M AP AT i e\

- Heckmann, 17, and wixvtchhm A. umm 'l hu buumvh 4 of LM \Vaws From
tough oux'fucus, Mm.l\mlma, Nuw York,




e, = (A0 X+ Bo cos ¢'o + r  cos no) cos wt
- (Bo sin Vo ¥ Vo ¥ T, sin no) sinwt . (59
e = (A + Xy + B1 cos ¢, + r, cos nl) cos wt

- (B1 sin Yty try sin nl) sinwt . {60)

Therefore, in our previous analysis we simply replace X, by X, tr,cosn,

Y by Yo¥ Ty sin Ny ¥ by Xy *r cosny, and VA by Yyt gin uIg If we do this
and recall that the noise and clutter are uncorrelated, and each has a zero mean
so that (x r cos n) = (X )(r, cos no) =0, (¥ r, sin no) 20, (xyrycosmy) =0
(¥yry sinny) = 0, we find that (29) is unchanged but (30) is altered by the clutter,
That is

but
2 2
sqe dod [y 4 g ea A s
K® . ma; mall " Mx“"x MAS

B(ryr)
-ﬁi“’;-ﬁﬂ (cod 0, cos n‘ l+-—--co&g1
B,
1 cos ©

)

o B
+ {uin n, cos "l) (rf-’- sin v

' ‘ B, B ,
* (sm nl Cus no) (h = sin ML *":q‘?' cou Uy
* (sm 1, sin "1) ‘“1 sto u‘ A; sin g, . (02)

X




In deriving (62) we have assumed the signal to clutter ratio is large. Also

2 2 2, 2 : . «
(!cll y = (rl) and (|c0| y = (ro). In order to simplify (62) we shali assume that
the phase of the low beam radiation pattern fo(x, y) is equal to the phase of the high
beam pattern ?l(x, y). Then from (57) and (58) it is clear that UN must equal ny.
llecause U and n, are uniforrmly distributed we then have that
{cos n, €08 nl) = (sin UR sin nl) = 1/2, and {cos n, sin "1> = (sin n, cos nl) =0
so that

2 2
Vo2l 1\, <|°1|_2+<|co'>

%= 4o
2 n 2 2 2 2
K IVIJ'A1 Mvo MIAI Mvo
ar r) B ) B (3)(35)
o 1 ] . 1) 1 o
- i L] 08 1+=2cos ¢ |+ =l 5=
MIAIMOAO ( Al 1 Ao 0 Al Ao
sin ¢, sin vy . . ' (62a)

We will now try to approximate (62) and (62a) further, When we are interested
in the angular error for the air search radar in Case A in Keference 2, it i3 elear
that the tgoml high=-beam signal MlA% s much smaller than the total l.nw-bﬁamuaig-
nal M_A 6. Therefore in ;lm flegt term in (62) and {62a) we may neglect (1\’!@!\5)"l
in comparison with (Ml:\‘i)“‘. Nrex{ let us examine the elutter contributions, 1f
© we use the vesults in Nathansen, ¥ &t is found that, fov the lew beam, the elutter to
sigmal ratio is {ignoring sidelobe clutter because this i3 quite small compared wilh

_the main lobe clutter)

o, Re t - ;
S TR A , (63)

112 . .
ety e (%)

where l-‘nmc)/l-‘(’( u.r) i3 the eatio of the hwer<beam power in the diveetion of the
elutter pateh to that-in the direction of the targel, ¢ is the spoed of light, » s the

- radar pulse Alom;th.- Sy i the azhmuthal beawidth, R is the taeget eange, l:p s

. the beam shape loss (uaually ken as 1,6 db), hp s the target evoss seetion, v,

is the refiectivity per unit eross svetion of elutter and.1is the elultop improvement
CFactod of the AT Simituely, For the high beam we have (here the stdelobe elutter '
o iw significant, Hut still less than the muin<boum elutter, provided the high-boam

peuk vecury at anglos lesw than 59)
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where Fl(ac)/Fl(eT) is the ratic of the high-beam power in the direction of the
clutter patch to that in the direction of the target. For the air search radar in
Case A of Reference 2 we have for a target at 1, 50, and assuming the angle 6, of
the ground clutter is approximately 00, that )

F (0 ) ~ 0.7 F (6 )
(eT) I O ("b'.p .

If we use these results in (63) and (54) we find that

T ———

'I‘hex'efm'e in (62) and (628) we can neglect (lcll )/(M A ) in comparison with
{ |c | Y/iM A i (Note that M is the same order as Ml' as ig evident from (10)
and (ll\ )

In the last term in (62a) we have that

o e (o] - (el e8]

- Therefore the vatie of the last to the second term in (62a) is at most

o) (B () ) oms o
’ 4T 08 ¢ Lr=Seon g §+ ~lstn ¢ siny
last tevm ,351!2 Al % h B A J\A , 1
second term Y i i 1y

£ 0,48

. because the term in square brackets is leas than unity, 'llmml’om we shall ne vlou
the ust term in (G2) and! a}-wro;nnam the voltaga error by




2 2
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2 o 4K2 o + _00 (65)
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where
2_1 2. _1,.2
o= 5 {leol®) = 3(rp)

From (61) and (65) we now have

(80 = ———F— , (66)
2%‘ In (K-L
9 o]
1/2
( Mlaf)(o )2
L ef—=35 -2
A2 n
M.
g, ™ 1 g 9 9 . . {67)
# 2(8) 12 d In Al
R M1 a9 Ao
where
2 i
(5—) 23 Mla! = gignal to notse ratio of high beam (including multipath)
Ny, =3 or " slemaltono ¢h beam (including multipath),
n :
M, Ad
. ;\3 - rativ of total high~beam power to total low~beam power,
070

Al
v
: (f’-) = olulter to notse ratio in low beam,
An R o . :

 The signal to nolse ratios cun veadily be expregsed in terma of system parameters,
We have - C ' ' ' :
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N/w kT B(4n R*

(68)

where M1 is given in (10), P, is the tranamitted power, G1 is the gain of the high
beam, Hl(BT) is the ratio of the high-beam power density at the target angle 6 to
the peak power density, X is the signal wavelength, L is the system loss (beam
shape loss, attenuation loss, and so forth), k is Boltzmann's constant, Ts is the
system noise temperature, and B is the system bandwidth (this is of order v-'l).
Also '

, (69)

33

2 2020 vy 42, (o7
(co) L P GeHao ) La%a ()4,
n

KT, B RS

where G0 is the low-beam gain, H 0( ac) is the ratio of the low-beam power density
at the angle 0, (of the clutter patch) to the peak power density, and all the other
quantities in (69) were defined previously,

From (69) and (67) we see that if the MTI design is such that the clutter to
nofse ratio is of order unity then clutter can be completely ignored in calculating
ahgular errors, because then

: 2 2
MIAIE (00

Mg %

<1 v

since M‘Ai! « Mo‘Ai. In this cuge

0

gy ¢ L 72 .,y‘}\ L
Fars : d Ay ¥
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so that our caleulations in Lys, (54) through (56) are thon uppropriate,
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