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FOREWORD

This report describes tlie detailed solution of a difficult theoretical problem which is directly related to an Air
Force radar system currently in development, The system is the AN/TPN-19 Landing Control Central and more
specifically, the Precision 4 pproach Radar (PAR) for that system, The research was accomplished under Job Order
404L0004,

It has been known for many years that when a typical radar is operated in an anti-clutter or Moving T'arget
Tnuscator (MTI) mede, its detection performance drops with respect to that obtained in a normal scan mode for the
same radar, Even though the existence of this loss in detection performance was known, the closed-form theoretical
solution and precise quantitative effects have not been carried out or published to date.

The main body of this report is a very careful delineation of the problem and the development of a rigorous
closed-form solution which yields quantitative results. This method can be adapted to provide quantitative results
for numerous other radar problems,

This report has been reviewed by the RADT Information Office (OI) and is releasable to the National Technical
Information Service (NTIS).

This technical report has been reviewed and is approved.

Approved: @ dL(_Z .

ARTHUR J. FROHLICH
Chief, Techniques Branch
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Approved: 2 /{/ /,(/(7,({(.4-»- '7. é?\)\

WILLIAM T. POPE
Ascivizat Chief

Surveillance & Control Divisisn . )
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ABSTRACT

The purpose of this report is to determine the receiver operating characteristics of the AN/TPN-19 PAR Air
Force radar in some of its operating modes. The scan mode and the coherent MTI (AMoving T'arget Indicator) mode
will be considered for the case when the received tarast signal is corrupted by white Gaussian noise only. The MTI
loss (the increase in signal-to-noise ratio required for the same detection performance when switching from the
scan mode to the MTI mode) is also determined and discussed. Methods for improving the MTI performance are
given and evaluated.
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L i tade as to theis ralative performance, Also evaluated horeln is the performanice of the M1 mode tf thie received -

. and gveraging the sesults.

INTRODUCTION

The TPN-19 PAR has primarily three modes of operation: a scan mode employing post detection integration, a
coherent MTI, and a non-coherent MTI mode both of which use a non-recursive 2-pulse delay digital canceller. The
modes differ to the extent the received signal is processed. This report will cover the performance of the scau and

coherent MTI mode when the signal is corrupted by thermal noise only. The signal-to-noise ratio that is required for
various detection probabilities will be determined.

The radar scans the coverage with a raster, transmitting six pulses per beam position, Each beam overlaps in
coverage with adjacent beams so that the target may be detected in one or more of these¢ beams during a single scan.

* The probability that a target is detected is equal to thé probability that the received signal crosses a set threshold -
in at least one of the beams, adjaceut or otherwise, This detection criteria anplies to all three modes of operation. .

For the scan mode all six pulses per beam position, each three at an indéﬁcndent center fquuency, are roceived .
through separately tuned receivers, square law detected. and integrated. The sum of these six pulses represents a
variable which is tested against a thrcshold and acecpted or rejected as a target.

_Far the coherent MT! mode, six pulses are transmitted per beam positien, cach thn s¢ at an indeoendent center

frequency. These are roceived throngh two recelver ~hanneis each tuned to the appropriate center frequency. Each

-~ group of three received pulses are video detected, i.2,, down converied to zero IF, passed through a three-pulse

- canceller, gated, and then made positive by squaring or taking its absolute value, These outputs of the two receiver
«channels ar¢ added and this sum is tested against the threshold. The ad;acent beam operates ini like manner exeept

~ the PRF of the six pulses is different and the center-frequencies are also different. The different PRF has the effect

" of avoiding blind spoeds sinco the tazget will always appear in the visible portion of the spectrum in at iaasx one of the
beams. The axiditional indepcudem quuencics ;uo»it}c the system with diversity galin.

When the second raster scan takes. placa, '.ha PR( and fsequem.y octur at a!tematc beam pamttom. The mnnmg .
, cydu ts then comhlcmi compiew N _ _

In this mport the puf‘ammc:e cf the wan nwode :md the mi;mnt m: uwde are each evaluated ami 3 wmparism '

© sigaial were to be video detected in both the in.phase aud the quad:atmvplw dtamw! x.e.. “I- ¥ Q-— * (Note 'ﬂw
o pmmc ANi’l‘PNd? PAR m)cm t!se &n p!mm «.hanm! only - ) Only

We slu!l 1int mlnaw tho scan mode. :
?CAN M()DL

_ When the systcm is operating n uw san mode. {nsee pulm are mwim} st each of wo mdepeadem quucncies
' These six pulses are each sqisare law detected and video inteprated, The target is assumed 1 be 3 Swerling Case 14 a1
3ay one frequency. Thus sach beam pasition gives @ total of six square law detected signaly containing two

- independent Rayleigh samples. The probability- deasaxy mm:uw of the output vanablt Y, and the pmbabnﬂy of
, 4.dcmicnisd¢medm Appewﬂx A _

vy

\&!e astume that the umel s locsited anynhcw within 2 beam with umfomr pmbsbﬂuy and that the beams c’m!w
-as shown in Figure 1, We deteimine s cotnpositel 1 detection probability by first determining the conditional
- probability of detecting the tasget i eithor of the beans at some particular target location. Next we average the
detection probability thrsughout all lorations within the coverage. This can be done very effectively by determining

“the detection probability at each of ten {10) points within the uhaalt of symmwiul cown;e showa in i-i;m 1

*A Sweﬁing Casel .mtc‘l has a sdow ﬂnc(ua!in( Rayleigh distibuted retarn,

R R et




780

f— 10"-—.* {

qu 1. mm Beasm Posisions of mz

 $ince the ontput vnmb&e Y. b di?pomdszm oR baam ;msitiun £, and ratget lacalia.\ &, we rfemste the conditional -
_' : ﬂmctinn probabitity, 4.0, thad the cuiput variable ¥ cromed the mmhoki yof hc..m Lby s’mj ¢ Hy R 7!@. H 1) .
E \ote that velodity. depcmkm,e dogs not ayptv Y tl«c an mode,

n» provability :haumgcusdelmedmuwanmw ot umx bc.ams.i.c eithet mbcamA o B, o:( qm.
. any mmbmtim mmof:s : :

"n’a n,*’li! f‘m*e ullhv?é."ﬂl {1-Pogle, Ky \'>7‘¢-“1)l |
o - oLy, 1 (Y210 H} O O
~'prmdtdthﬂumrelumnmdimmmhbwn hwcmdcm. ' '

‘_Thé symbo! Hy selers to hypouagﬁ{ 1 e, the tazpot is p:l'cs-t!:L Likewiso l1, refess to the target is not present,
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where the pdt ol target location 1s assumed to be discretely uniformly distsibuted,

COMPUTER RESULTS FOR SCAN MODE

In computing the position and beam dependent probabilities of detection the amplitude weighting factors
GA@), GBY), . .. and GL() for position i and beam A, B, . . . und L, respectively, were provided by the contractor,
Raytheon and are shown listed in Table 1. In the scan mode beams E, F, G, and H are rednundant in space coverage
but océur one-half sceond later, Ecuation (2) was computed for the values of false alarm and signal-to-noise ratio
in dB as indicated. Several beam combinations are shown. The values are given in Tables 11 through 1V. The detection

probability for the target located at the center of beam “A™ and “A and/or E” is shown in Tables V and VI
respectively.

COHERENT MTI MODE

In order to keep the terminology simple in the derivations of the probability density functions for the different
receiver models to be evaluated, beam center values and velocity dependent target signals will be used. The situation
will be generalized for position, velocity, and beam averaging later in the report.

VELOCITY DEPENDENT SIGNAL ON BEAM CENTER

The received signal is assumed to be a Swerling Case | waveform with the further condition that a random bit
correlated phase is present from pulse to pulse in any three pulse bu.sts, The phase is modulated by the target radial
velocity. The signal is corrupted by white Gaussian noise with power spectral density N/2.

For a single pulse the RF received signal may be written (1],

Hydy=v /= rccl{._t..}cos lwy +wg) 1+ 01 w() (3-A)
T T

when a target is present, i.e., hypothesis Hy holds, and

H,,: () =w(h) 3-B)
when there is no target present.

~ We know that for a Swerli:g Case | target the amplitude v in Equation (3) has a Rayleigh distribution and the
phase 0 has a uniform distribution. The function

\/_3—_ rect {__t_} 3)
T T

corresponds to the waveform envelope and is normalized so that the energy in the received signal is v=. The quantities

w, and wg represent the RF center frequency and the doppler frequency, respectively, and the function w(!) is white
Gaussian noise present in the receiver,

After the receiverd signal is sufficiently amplified above the noise level of subsequent stages it is eventually down
converted (see Figure 2) by the following normalized operation.

‘e
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Ig* x‘\t)\/_: cos wytdl {4-A)
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giving
Hyj: rg=veosftny wyg7< <1 o (4-B)
Hyt rg=mg

It can be shown (2] that when v is Rayleigh with E | VZ J=20¢ 2 and when the noise I w(r) 1is Rayieigh with
[lwi]= - Ng then v cos 8 is Gaussian with vatiance 9 § 2 and ”o is Gaussian with variznce N /2. Since w{¢} is a

narrow band wh*t». Gaussian process with powe: spectral density Ny/2, the envelope |w(f) lis Raylelg,h with

[tw21]=N,.
It also can be shown that the preceding pulse takes on the form

Ly=veos{-wgt+60)+ng “0)

and the preceding pulse

rp=veos(wy T+6)+nr . E (4-D)
The variables n,, ng, ny are each independent.
Wiien each variable r; occurring at time it is fed through the three-pulse cancellor having an impulse response

h(r) =-6(r + T)+ 28(r) - 87 - ) — @

then the resulting vanakle at the output of the canceller at the time the last variable ¢ is feeding the input can be - -
written

/w T
Hyp r = 4 sin? (-—-—-o) veos6 - np+ 20407
. &

)
Hy' r=ng+ 205 - myp

- where the noise terms may be grouped into a smg.le term, n, with variance 3N, and the variarce of the sxgnal at the -
. ompu\ of the canceller is 16 sin? (wqT/2) m . Both these terms are zero mean Gaussian random variables. - . -

e the'syatem unéer analysis the output of the canceller is gated on during the interpulse perfod imn\ediateﬁy

* following the 1hird input pulse. Therefore the observed variable under each hypothesis is 2efo mean Gausslan with
priiias toliows

pl (RIS Hyy=s —Lt expf- RS (64) =
LY Wd’Hi d ! \/TEO& 2012 ) s ) - .

[ RZ :
Prly, RIH) = oxp [+ = . - (6-B) :
iy, ° m% ( 20,2 ) ~ B o }
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where

N . wl
0= = o sintt (-Ll-— usz + 3N,

A R . . “ .
and oy~ is the mean square signal returned from the target scatterer in one Gaussian channel, (v cos 8). This channel
will also be referred to as the **1 Only” channel, as shown in Figure 2.

rit) S

at |V AT sate | T o

nimIin=

2 3
— C0S (W
T OI

Figure 2. *‘1 Only” Receive Channel

The canceller output of each frequency diverse channel has identical probability density function and is

independent of any other channcl. Two different interpulse periods are each shared by each group of two frequency
diverse channels.

The channel showr: in Figure 2 is the basic coherent correlator followed by a gated MTI three-pulse canceller.
The output variable, r, may be combined with the output variables, r, of other channels in several ways, each giving
different levels of performance as will be :hown later. Four different configurations for combining the variables, r,
are shown in Figures 3-A through 3-D,

Figures 3-A and 3-B show *1 Only” processing of two frequency independent MTI channels, 3-A representing
envelope detection and 3-B representing square law detection of the Gaussian variables, r, from the output of the

three-pulse canceller. Each configuration represents six received pulses, three for I and three for I, respectively,
at a particular interpulse interval, T 5.

Figures 3-C and 3-D show 1 and Q processing of the two frequency independent MTI channels in the same manner
as in Figures 3-A and 3-B.

After applying the test statistics, €7, to a threshold and thereafter to a scope, a second statistic, ¥:, processed in
an identical fashion from two other MTI channels having different independent frequencies and a different interpulse
imterval, Ty, is also thresholded 0.5 seconds later. This second statistic accounts for six more received pulses so that
a total of twelve pulses are processed before the sequence repeats itself. A target at beam center will be indicated at the
scopeif either €4 or ¢ or both are above the threshold. (See Figure 4.)
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Figure 4. Combination of Dual Channels
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DERIYATION OF SIGNAL-TO-NOISE FOR GIVEN PROBABILITY OF DETECTION i“
Let us start the derivation with the probability density function of the gated output from the canceller, ' )
equation 5, After performing the transformations appropriate for the block diagrams of Figure 3, we have the i
: probability density function of €;, (the details of this analysis are found in Appendix B} is i
PQ! wg Hy (@) 1Qg, HY)= = exp { — [1-erfe 3 i (7-A) i
0y 40 ¢1
l o = 1 !
Po, lwg, Hy (2 14, Hy) = - exp ¢ — (7-B)
c o 203 204 - )
2 232 2,2
Py, lwy, Hy (83 1Qq, By) = a2 exp g ..:?..‘.’ + ﬁ exp ¢ _53
; 201 2 204« 204 404
232 2,
3 et } — (7€)
2012 {201 .
Yo | | = Q4 Q4 RS
o4 wg, Hy (04 124.HY) = — exp /- — (7-D) 1
_ ! 204
with signal -present. Wher the signal is not present
' PQi 'Ho (% IHQ) = PQi !wd’ Hy & I‘Qd’ H) 8) J~
‘ [ 91=9

Equation (8) was writtn in this form to sav2 space since it is identical to Equation {7) except that gy is substituted
forop. - ' . - :

. Asis.well known the pfotgability-of false alarm is denveul1] by the foilnwing

AT ) 0 .
L Pp’. = - f PQI' I H, ®; IHO) dg; %)
o -y

- EXAMPLE: THRESHOLD COMPUTATION:

For each of the four cases we set PRy 1 equal to 5 x 107 iworder to obtair a faise alarm probability at the
scope of 10°6. From Figure 4 we see that at the scops

PF=PFA+PFE-P[‘A P 2PFA (10)
when
0< PFA=PFE <<

Evaluating the integral in (9) for cach of the four cases, substituting for o(), and setting the PF:‘ equal to § x 10'7,
for example, wo have




N, (2vN, 12N,

Y4 Y41 77 N
— ¥+ 1y expl-——t =5x 10 11D
(6 N, ) Pg N, % , (11-D;

Solving for the various thresholds v; we have

vy = 730 /3N, (12-A)
y9 = 29x3Ng (12-B)
73 = 813N, (12:0)
v4 = 35x3N, (12-D)

Returning to our discussion we may use these threshold v ‘ues and the probability density function of
Equation (7) to evaluate the probability of detection of each of the models in Figure 2 through the integral.

o0
P> vl Hy = f Po;a lwg, Hy Bia gy, H1) A (13)
i

where the subscript A denotes the particular choice of interpulse period T 5 or T of vwhich the variance 012 isa
function,

Evaluating this integral for each one of the cases in Figure 3 we have

Py@(a> gy liog Hp) =1 -erf? 32(}‘% (14-A)

. ¥ .

P2 024> oy Laog, Hy) = exp? —%- : (14-8)

204
P3(R30 > 4o less Hy) = 0xp .732 /7 LY BUE +exp%- 732! ) (140)
4, -3 Py Cyns M
73 @d 40,2} 20y |20 40,2} -
P4 (%A> 7, | wg Hy)® (_.3 +howpd 14 4D
204 l 20¢* :

[




Equation (14) is the probability that the signal, derived from the six received pulses of period Ty and present at
the cutput of the network shown in Figure 3 (or the input to the A port of Figure 4), exceeds the threshold for a
particular target radial velocity associated with wg. When the six pulses having period T, are also applied to the
and/or circuit of Figure 4 the overall probability of detection for all twelve pulses and for a particular cw is

Py Log =PiCI%A> 71 U [%E> villwg HY) (15)

TR@A Yidwg, i) P GE> vi g, 1D BCL%A> WO TYE> % log 1) -

Since the events & 5 > vj and & g > v; are independent the last term in (15) can be written as the product of
their probabilities,

The average detection probability may be computed by integrating out the dependency on wq

Pp, = /Piiﬂz'A>7ilUlﬁiE>7il‘wd,H,)Pwd‘Hl(wd'H1)dwd (16)
4

Where Puyg IHj (g 1Hy) is the probability density function of the doppler frequency wq and integration is over
the range of wy.

COMPOSITE DETECTION PROBABILITY OVER POSITION AND VELOCITY

Thus far we have derived the expressions for the conditionat probability of detection when the target is located
in the center of beam A and E. In this special case, beam E is spatially coincident with A but occurs one-half second
later. The detection probability given in Equation (15) is conditional on target velocity and beam center. The
detection probability of Equation (16) is compoite over target velocity and is conditional only on beam center,
These expressions may be applisd to any receiver case of Figure 3 by assigning the appropriate index, i, to the
subscripts in Equation (15) and (16) and making the proper substitution from Equation (14).

We shall now make the detection problem even more conditional by introducing multiple antenna beams, each
having its own position L along with its own PRF, Tj. We also may assume that the tatget is located at a common but
random position, ¢, within the beams’ coverage. Now defining « detection as constituting a hit in one or more of K
beams we have for the conditional detection probability of a particular receiver case

PlEA>Y) U Wg>1) Y LR > 1) 19, wg, Hy |

L-LE-P@A>Y g, g HP T TL-POR>Y 1y gop 1) 1o (1P g >y 16,00, H)) ) (17

That Is, a detection is made if the target is detected in beam A or beam B or, . . beam LK, or any combination
thereof,

The subscript “i™ for the receiver case has been omitted. It is assuied Ui the signel and nolse received from oach
boam A, B, C, . .. LK is uncorrolated and thorefore Independent, : '

 The composite probability of detection for all K boam positions is therefore obtained by averaging Equation (17)
with respect to gand wy. ' : :

Pp = / /P[(QA>7)U(QB>7) U . k>80 H, IP(0.wg tHy)dgdy, , (18)

K Beams s 0

9
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Since thé target position, ¢, within the beams is independent of velocity, wq, we may write
P (4, wqlHp) =P(@!H ) P (wqlHp).
Faquation (18) is the average probability of detection for the coherent MTI mode. The averaging is over the

-spatial coverage and over the target velocity. This equation also considers a detection when the processed signal
crosses the threshold in beam A orbeam B or, . . . beam LK, or any combination thereof.

COMPUTER RESULTS

The expressions given above were programmed on the computer. The program was written to accommodate any
number of beams A, B, C . . . LK each of which may have assigned a particular PRF interval, To, Tg, Tc ... T k.
An example of four beams and their relative locations is shown in Figure 1 (provided by the contractor), A triangle
of symmetry by which the entire coverage can be represented is aiso shown. The target is assumed to be located
anywhere within this triangle (and therefore anywhere within the coverage) with uniform probability. To facilitate
the computation, the target location was given a uniform discrete probability density funciion at ten equally spaced
points within the triangle,

10
ey =L 37 s(e-4p) (19
j=1 ~

For the same reason the velocity is also assumed to have a uniform discrete distribution

10
P (wy iHy) = 716' D swy-wa) ey
i=1 |

Each of the density functions on the right side of Equation (17) are.evaluated first giving
- BeamA: PUA> Y 19, 0wy Hp) =

PE>ylogpHp | T=Ty - *Pnya

ofja=10 - D o2 :

' BamB: CP@p>y g wgpHp =
P(@>7 lwgy Hy) -Tb'!‘g? - . S =Ppys

L ogB=10 . SBY) 52

"'b..BcamL: _ o !’(ﬂL>7l¢;.wd‘.}ii)=
CP@E>ylugpHy | TeT, C=PpgL @y
A_as?}Lﬂ 0 - _r_qlgj) ol

10




The middle part of equation (21) is taken from Equation (14) where 032]' A, the target amplitude, is substituted for
ors2 in the definition for 012, following Equation (6-B). GA(f) is the two-way antenna gain (beam center gain equals
unity) for the A beam target located at the j point in the triangular coverage sector. Values used for GL{j) were
provided by the contractor, Raytheon, and are shown listed in Table L.

From Equation (21) one can see that for each value of Ppji1 & the variance under Hy, 012, (as defined under
equation (6) and appearing in equation (14) for detection probability) is dependent on beam position, FRF, Target
location, and velocity. Beam Position and PRF dependence is lumped together through Equation (17) which is
repeated here in modified form.

PDij (AlK Beams) =1-(1 - PDiiA) (1- PDI']B) (1 PDijLK) (22)
Target Location is averaged out by performing the integration indicated in Equation (18} with respect to ¢.
' 10
= 1 .
Poj (K Beams) = - 2; Ppyj (K Beams) @3)

Finally, Velocity Dependence is averaged out by a similar integration on Ppy;. '

1 |
b (K Beams) = o Y P (K Beams) B @

The vatues used for the antenna bea_m- ~- target location t\vo-Way gain, GL(}), are given in Table I for the four
beams shown in Figure 1, The values for target velocity used to compute the doppler frequency, wdi, range from

- 105 kr:ots to 195 knots in 10 knot intervals, This is considered a typical velocity range for 4 landing radar and spans

at least one spectral PRT interval, Therefore, avoraging over a larger velocity range would give the same rosult.
Tnblea VII through XVI give the probability of detection;, Eyuation (23), for different values of terget _
signal to-noise ratios (tcfcrenccd to target on beam conter) and at different targst ! vcioclties Also given is the. -
detoetion probability averaged over velocity, Equation (24). False alarm probabiiity is 10°5, Two PRFs wore aasumad

and are indk.atcd by Tl and T,. The beunbtarget lo«.atiou chnmoteristk.s used are as fo{lows for each deslgnated

'ABEAM, ST : Two.wavc,mm 'fi._. . OPRE -
A -*_cA(f)" R
B cespy o Ty
L ey (0
D eng)l. T
. - BO) A= Y seconds - 4_1
] R (R

1
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~ Asindicated Tables VII through XVI include detection over the two, four, and eight strongest beams. They also
include all four receiver cases analyzed with the following respective thresholds for a probability of false alarm of
10°3 per beam position

Y =6.46 /3N,
79 =23.0x 3N,
‘73 =17.32 \/gN—O
74 =284 x 3N,

The values for wy; corresponding to target radial velocities between 100 and 200 knots were obtained from the
relation

wyj = 4mvip/C

194 vt

where v is target velocity, C is the velouty of light, f,, is the carrier frequency, 9.01 GHz and v} is target velocity in
knots (nautical miles per hour). :

. Since the storage time of the scope is not known, d\c anlaysis was not curxb.d out tux more than | second, .o,
- ‘one completc round of tooks, 2 scans. - :

Tables XV11 through XX give the probabmty of detection for the target lomed at the center of beams A and E, V

= The other beams are not consideml for or-center performance in computing the data in Tables XVi! through XX.

E . comparing case 1 or 2 with case 3 or 4 of the tables. This is in general agreement with the iteratuge{3

Tnblcs XIX and XX are prewmed ina diff«.ren’ format than the preceding tables. M the top of each group cf ,
- data a sigrial-to-noise ratio is given as a direct power rativ (not in dB) followed by the receiver case being umnsédmd,.
_-The false alarm probability which appears on each page of data is the overall value for the two beams &OE. L.,
© for one beam Py 1§ § x 10" -7 The first column of values repesent the target velocity b knots: the sécotid and third
column of values denote the detection probabilities in Beom A and Beam E mpu:tive!y. Lquuumx (14); the fourih
. ‘calumn denotes probability in either of the twa beams, Equation (15); and the rxvcmg,e pwbabmly ut the boitom
' ot' oach group of. dala deuotc_ averaging only (,wcr volmty Lquauon (16} , . : .

A expected, for l and Q processing a marked lmyrovcmcm fsob talncd as compared for { processing only with
all probabilities of detection analyzed. The improvement is brought about by integration gain and divarsity gaun
~when golng from the independent channels of I Only” to twice as many independent channelsof I and Q each.
.. The improvement in the required signal-to-noise ratio for the particulur average detection probabilit {v can be seen by
4 for video, .
- integration of the two independent pulses versus video integration of four independent pulses. (Vom that o vldco
- A,detecceé pulse must comtst of two independent (muman oouumnems.) :

. Mexpcctedlsl the tables alm showa sught aupmvemm for square law dcxecuon, 2and 4, wmpared io -
: ,amlope detccuon.l and 3, .

T;bles XX} and )’..Xll wmnwize the results of this malyﬂs.

_ " “The values of S/N for a dngle beam center (uaity wem‘\ting) obtained by Ward I"l using Bmonm diffeeed -
. sightly from those obtained using Appendix A of this re 2ott, This differenice is maintained after averaging the
.- detection pmbabmty over il lcn polnu of th> eovmse ttianglc in Bearw-A and/or Beam B, These valuos are shown
- inTable XXI




In Table XXII it can be scen that failure to average the detection probability over velocity or beam coverage
results in optimistic values for signal-to-noise ratio. For example, there is approximately a 4.0 dB difference between
the MTI values obtained by Ward using an average velocity and those computed herein for Beams A and/es B, (AUB)
(A union B). There is also a difference of about 2.0 dB in signal-to-noise ratio for beams AUE, on center as

compared to target position averaging but in tiis case a similar difference is realized in the scan mode angd so the -
MTI lossisunchanged :

-The last set of conditions in Table XXI!I represent the most likely situation, Here the target is observed in two
" of the beams (AUB) during the first scan and again (EUF) during the second scan. Probability of detection has been

~averaged aver beam coverage and over velocity. The MTI loss for false alarm probability of 103 per beam and overall j

cletcction probability of 75%is 8.0 dB for l2 only MTI and 4.9 dB for l + Q MTI.
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TABLE !

ANTENNA BEAM -« TARGET LOCATION TWO WAY GAIN (DB)

GA(l )!008
GA(2)=00,.74
GA(J)= 2,40
GA(‘)Q 4,66
GA(S)= 0, 46
GA(6)= 1.62
GAlT)= 3.46
GA(8)s 1.20
GA(9)= 2,70
GAC10)= 2,30

¢B(1)r=18. 66
GB(2)>= 8.26
GB(3)= 6.90
GB(4a)= 6.02
GB(S)= 7.94
GB(gI)= 6.12
GB(7)= 4.96
GB(8)= 4.78
GB(9)= 4.24
GB(1d)>= 3.84

P L L E TR R R R K R R A i

GC(I)=IE 80
GC(2)= 8,40
GC(3)= 6,80
GCCad)= 6.00
GC¢(S)=11,00
GC(g)= 9.20
GC(7)~ 8,00
GC(8)>=11,.80
GC(9)=10.10
GC(10>=12,80

GD(1)=21.00
GD(2)=16.00
GD(3)>=11,30
GDCaY= 7,20
GD(S)=18,40
GD(6)=13,.50
GDC(7)= 9,50
GD(8Y=16.,40
GD¢9)=11.80
GD(10)=14,40

A A

Ty NS




TABLL 11

NETECTICN PRPOBABILITY FOR_SCAN MODE

Seam haumber A
Me 2 M=
Falsc Alarm Probability

1073 10— 10-5 10-6 10-7

S/N _RAT10 164 45 19.55 22.53 25. 4] 28, 22
2.10@ 0.2208 @. 1331 2.0810 . 0499 2.0310
2.20 2.2282 2.1390 0.0854 2. 0531 9.0333
2.30 B.2358 2. 1450 2. 0900 .05 65 @.0358
2,40 8.2435 9.1513 0. 0948 2.0600 0.08383
2.50 9.2514 8.1577 P.099 7 0.0637 P.0410
2. 60 9. 2593 Be 1 42 9. 1048 0.0676 0.0439
2.70 B.2674 B.1710 2. 1101 2.08716 0.0469
2.80 #.2757 Be1779 P.1156 0.0758 2.0501
2.90 @.28 40 9.1849 B.1212 0.0802 2.0534
3.00 9.2925 9.1922 P 1270 P.0847 .05 69
3.10 2.3010 2+1996 2. 1331 2. 0895 B.0606
3.20 0.3097 . ©.2071 P. 1393 0.0944 P.0644
3.30 2.3185 8.2148 Be 1456 B+0995 2.0684
3.40 0.3274 0.2227 B. 1522 P« 1048 2.0726
3.50 0.3363 9.2307 0. 1589 P+1103 0.0770
3. 60 P.3454 2.2389 B.1659 Pe1160 0.0816
3.70 P+ 3545 8.2472 P. 1730 2.1218 @. 08 63
3.80 3.3637 B.2556 P 1802 0.1279 2.0912
3.90 0.3730 B.2642 P 1877 B 1341 0.0964
4.00 9.3823 B8.2727 9.1953 B.1406 P.1017
4,10 P.39117 0.2817 2.2031 P.1472 2.1072
4.20 Q. 4011 2.2906 P.2110 0. 1540 P. 1129
4.36 0.4106 0.2997 P.2191 91610 %.1188
4. 40 9. 4201 2. 30688 B.2274 0. 1682 0. 1249
4. 5¢ 0. 4296 2.3181 0.2358 B+1756 P.1312
44 60 @. 4392 B.3274 B.2444 2. 1831 0.13717
4.70 B. 4488 0. 3369 P.2521 B. 1909 De 1444
4.80 0. 4584 B. 3464 B.2619 2. 1988 P.1513
4.90 : 04680 2.3560 2.2709 . 2068 9. 1584
S.00 8.4776 83656 2.2800 9. 2151 P.1656
Se10 0. 4872 8.3754 2. 2892 9. 2235 @.1731
S.20 B. 49 68 0.3852 #.2985 P.2320 2.1807
S.30 Ge.5064 0.3950 0. 3080 0.2407 9.1886
Se 40 @.5159 e 4049 0.3175 B.2496 0. 1966
Se S50 0.5254 2. 4148 ?. 3272 0. 2586 0.2047
‘94 €0 9. 5349 0. 4247 B.3369 0.2677 B2.2131
Se 10 B¢ 5444 G. 4247 0e 3467 0.2770 #.2216
5.80 0.3538 8¢ 4447 9.3%66 P08 63 5. 2303

5.98 8. 3631 0. 4347 0. 36463 8. 2938 b. 2391
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TAGLE 1T (Continued)

DLTECTION PROBARILITY FOR SCAN MOLE

Beam Number A
N:= 3, M =2
False Alarm Probability

S/ Patio 10°3 10-4 10-3 Q-6 10-7

600 05724 Pe 4647 Ae 3766 B 3055 2.2481
610 B. 5816 Be.AT46 D« 3866 2. 3152 0.2572
6. 20 @O 5908 D. 48 46 Pe3967 2. 3250 Pe 2665
6. 30 B 5999 D. 4946 Be 4069 0. 3349 G. 2758
6+ 40 0. 6889 B. 5045 0.4171 Be 3449 0.2854
650 2. 6178 B.5144 B. 4272 B+ 3549 0.2950
6. 60 B. 6266 B. 5242 B. 4375 0. 3651 @.3047
670 0. 6354 P.5341 0.4477 @.3753 B.3146
680 B. 6441 B.5438 0. 4579 B« 3855 B.3246
690 P. 6526 6.5535 B. 4681 0.3958 0.3346
7.30 . 6611 0.5632 6.4784 Be A0 61 9.3447
T¢10 Be. 6694 2.5728 0. 4885 B. 41 65 Pe3549
T.20 Be.067T77 B.5823 B. 4987 e 4268 P.3652
7. 30 @. 6858 B.5%217 2. 5088 @.4372 @« 3755
Te 40 Q. 6939 B. 6010 2.5189 B. 4476 0. 3859
T. 50 0.7018 . 6103 Q. 5290 Be. A580 @. 3963
7. 60 0. 7096 B. 6195 2.5390 P. 4684 Be 4067
T 70 P. 7172 0. 6285 V. 5489 BeAT87 Q. 4172
7.80 B. 7248 B. 6375 B.5588 f.4891 B 4277
190 @. 7322 Pe. 6464 B.S686 (Oe 4994 @+ 4382
B8.00 Bs 7395 B« 6551 Ae S783 B. 5097 B. 4487
8.10 Qe 7467 B. 6638 Be. 5879 P« 5199 P. 4592
8.20 9. 7538 0. 6723 P.5975 . 5301 0. 4697
8.30 B 7607 Be. 6807 B 6069 0. 5402 D. 4802
8.« 40 B.7675 B. 6890 Pe 6163 Q. 5502 Be. 4507
B.50 . Q. 7741 Be 69 72 De 6255 Q.5602 p.5211!
B8« 60 B. 1807 0. 7053 0. 6347 P. 5701 05114
8. 70 2. 7871 8. 7132 Q. 6437 3. 5800 P.5218
8.89 @, 7933 2. 7210 - Q. 6527 0.5897 @. 5320
8.90 @. 7995 P. 728 6 Be 6615 0. 5993 Be 5422
9.00 0.8055 @. 7361 f. 6702 0. 6089 Be SS524
9.10 2.8114 @. 7435 B. 6788 P. 6183 B.5624
92.29 f.8171 B. 7508 Q. 6872 B. 62177 P.5724
9.30 B.8227 Q. 1579 Bs 6955 P. 6369 f. 5823
9. 40 0.8282 B 7649 Q. 7037 B. 6460 0.5921
9. 50 0.8336 B. 7717 2. 7118 Be. 6550 Q. 6018
9. 60 f0.8388 fB. 718 4 B. 1197 Q. 6639 B. 6114
9.78 R.8439 P. 718 50 8.7275 P. 6727 B« 6289
Y.80 @.8489 B.7914 @. 7351 0+ 6813 B 6323
9.90 2.8538 e 7917 P. 1426 Q. 6898 B+ 6396

P/
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TABLE II (Continued)
DETECTION PROBABILITY FOR SCAN MUDE

Beam Number A

N=3 M=2
False Alarm Prebability ;

S/N Ratio s 107" 10-5 10-6 10-7

i0.00 B+8565 A.80839 B. 75086 0. 6981 0. 6487
1010 @.8631 0-8099 07572 - Be. 7064 B. 6578
18.20 @.8676 0.8158 . 7643 G. 7144 Be 6667
18. 36 S.872D 2.8215 Be 7712 B. 7224 8. 6755
16. 40 B.83702 0.8271 B 7782 B 7302 9» 68 41
18 50 0-8884 F.8326 B T8AT 9. 7379 D. 6326
1A. 60 G.88 44 2.8379  @.7912 Be 7454 g.7018
3. 70 0.8883 0.843% B+ 7975 B 7527 . 71292
ié.80 2.8921 0.84382 #.8438 Pe 7600 B. 7173
19.90 8.8958 0.8531 - 0.8098 2. 767 B. 7253
1120 0:8994 #.8580 - 2.8158 . 7740 @. 7331
1119 0-9029 N3 620 JeB216 %~ 1308 Qe 1407
11.20 A 3.90463 2.8672 A.8272 B. 718 72 0. 7482
11, 3¢ B.9@96 28717 8.8328 8. 79239 B« 7556
11e 40 2.9128 08760 P+3231 2.8223 . 7628
11.58 0+9159 ¢.8862 P.8434 080865 B+ 7699
11 60 B.9189 2.8843 02.8485 2.2125 Pe 7768
11.78 - B.9218 f#.8382 3.8535 G.8184 @. 7835
11.80 B.9246 6.8921 P.3583 B.8242 A. 7902
11.50 09273 @e- 758 ¢.8631 0.8299 Be 72 66
12. 88 0+9300 Qe 8995 @.8676 #.8353 0.8039

b 18
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TABLE IIf-
DETECTION PROBABILITY FOR SCAM MODE

8exm Numbers A and 8

N = 3 M =2

False Alarm Probability

. ' .
et et i i o
R

SMatle 10010 108 js a7
16445 19.59% 22.53 - 2541 28.22.

218 Be 2543 ﬂo!468 B.0865 B.052% B.0319

2.20 Be263% Ae 1524 2.09:13 $,0555 B.8343
- 2430 - Re2720 De1684 2.8964 DeB59% BeRIE9

2¢ A4 Fe2811 O¢1675 ge 1016 Do 2629 B«03958

Z2.50 0.2983 B.1748 60!079 0.8688 . 8424

2¢60 2.2997 f.1823 Be1127 @.0710 O« 5454

2.70 - P.3093 #1900 2. 31185 R.8753 D« D486

2.80 031590 Be1979 B.1246 B.8798 B.0519 .
2.90 B+ 3287 ?.2051 2. 1309 B. 0846 2.6554 o
3.00 @.3389 B.2144 0.1374 - B6.0895% 2,05 9! i
3+10 - 93491 @ 2230 8. 1 441 @. 0947 8.0630 ;
3.20 T Pe3%94 #.2317 Ae 1581 2. 1000 P.067 *
3.39 9.3698 0. 2487 2.1882 2.1996 8.8714

3. 49 Q.3803 0. 2498 be 1655 Dellita Q.8759

3. 50 $+3909 #.259¢ 8-1733 Ge 1179 0.0806 |
e 65 T BeAVT G: 2687 - ¢+ 181 ¢ B.1237 G.0855 %
.70 ‘Do 4125 0.2784 2.1892 g.1302 9. 0906 !
J-BH¥ B¢ 4234 2.2883 . 1975 D.1369 2.0959 i
3:90 B« 4344 Pe 2983 2.2062 " 021438 G.1015 :
4. 06 @ 4454 0,3086 0.2147 0.1519 . eet@a2

4.10 B+« 4565 3.3199 P R236 @. 1584 B 1132

4. 28 Be 48%7 P. 3298 9.2328 B.1660 0.1195

40 34 B. 4785 B 3402 O. 2421 Be1739 Q. 1260

4+ 40 B¢ 4901 f:3510 2.25117 B.1820 e 1327 »
4. 59 65014 de 3620 0. 2615 B. 1903 Be 1396 :
4. 66 B.5127 G 2731 Q.2714 3.1989 _90]468 ;
4. 73 2. 5239 0.3843 2.281 6 B.2076 B 15 42 ;
4.88 @3352 A.3556 8.2919 B:21 66 #1619
490 D+ 5464 Be 4070 6.3024 8.2259 #e 1690 !

Se 080 B.85576 Q. 4184 2.3131 8. 2353 241779 ?
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TABLL 11T (Continued)

; DETECTIGN PROCABILITY FOR SCAN MODEC
Pearn Numbers A and 8
fe 3 o= 2
False Alarm Prolability
S/ Patio 1073 07 1073 1076 10-7
S« 10 0.5688 B 4300 B+ 3239 B.2450 0. 18 63
5. 20 Q. 5800 Pe. 4416 Q. 3349 D. 2548 Be 1949
539 Be5910 B. 4533 B. 3460 P. 2649 B.2037
Se. a0 0. 6921 Q. 45650 0«3573 De2752 0.2128
5.50 0. 6130 Pe 4768 B.3687 B.2856 G. 2221
: Se 60 B. 6239 B. AB8 6 . 3802 De 29 63 0.2316
. S. 70 De 6346 2.5004 2.3918 Qe 3071 P.2414
L S5.80 Q. 6453 P.5122 D« 4836 9.3181 P.2513
8 5.90 D+ 6558 0.5240 Ae 4154 0.3292 0.2615
g 600 B 6663 B, 5358 @.4273 Q. 3405 D.2719
s 610 Ae 6766 Be 5476 0. 4392 0. 3520 B.2824
620 ‘ f. 6868 0.5593 Os 4513 P. 3635 0.2932
630 B. 6968 B« STO9 . 4633 P.3752 0.3041
6e A0 Q. 71067 #.5825 . 4754 B.38 71 B.3152
6+ 50 B.7165 Be. 59 41 0. 4875 0.3990 @. 3265
6e 60 B. 7261 P. 6855 Pe 499 7 . 4110 %.3380
6e 70 Q. 7355 Pe. 6169 95118 Q. 4231 P.3495
6«80 Be TA47 0. 6281 0., 5239 A.4353 B. 3613
" 690 B. 7538 B. 6393 B.5360 Q. 4475 2.3 731
7. 00 Be. 7627 B. 6503 0. 5481 ?. 4598 A. 3851
710 B. 7714 B. 6612 B. 5601 2.4721 B.397
T«20 0. 71800 B. 6720 . 5720 P. 48 44 Q. 4093
730 P.7€83 B. 6826 @. 5839 Pe 49 67 B. 4215
Te 48 B 719 65 Q. 6930 @. 5957 P.5091 0. 4339
7.50 0.8044 Q. 71034 0. 60174 Q. 5214 Q. 4462
Te 62 P.8122 f. 7135 Qe 6190 B. S337 @.4587
T.70 ?.8198 0. 7234 B+« 6305 Bes 5459 PeaT1
7.80 p.8271 Ae. 7332 B. 6419 @.5582 BGe. 483 6
7.90 P.8343 #. 7428 9. 6531 8.5703 . 49 61
8.00 0.8412 Be 7522 B. 6642 P. 5824 B. 5086
8.10 P.8480 De 7615 Pe 6751 D« 5944 0.5210
8.20 ‘ A.B8546 #. 7705 @ 6859 B+ 6063 . 5335
Be38 D8 609 Be 7793 Ae 6966 P.6181) D+ 5459
3.40 P.8671 A. 1879 d. 7070 " Pe 6297 9.5582
B8+ 50 P.8731 B. 79 63 . 71 73 Q. 6413 B. 5705
B. 60 0.8°7889 D.80 45 Q. 7274 . 6527 @. 5827
B.70 P.8844 f.8125 9. 7373 Q. 6639 Q. 5948
B.80 ?.8898 2.8202 O« 7470 0. 6750 B. 6069

B.90 0.8950 2.8278 @. 7565 0. 68 60 0. 6188

20




TABLE III (Continued)
DETECTION PROBABILITY FOR SCAN MODE

Beam Numbers A and B

N = 3 M = 2

False Alam Probability

S/N Ratio 1073 107 10-5 10°8 1077 [
S.08 2.9000 B.835% O« 7658 B. 6968 @+ 6326
9.18 2.9048 0.8 422 P 7748 @. 7073 De 6422
9.20 2.909% P.8491 Q.7837 @, 7177 66537
2430 #9139 2:8558 P. 1924 B. 7280 Be 6651
9.40 9.9182 Q8623 p.8008 B« 7380 Be 6763
9.5€ B.9224 B.8686 3.8098% P 1478 #. 68173
Y 60 0.9263 B.8746 68170 B+ 7574 B. 6981
%70 9.93081 2.88085 B.8248 B 7668 8. 7088
9.80 0.9338 P.88 61 0.8323 Be 17759 0. 7193
9.950 B.9372 P.8916 08396 @+ 849 2. 7296
10,00 Be9406 0.8968 0.8467 Be 936 Be7396
16.10 8.9438 @.9019 B.8536 2.8021 Be 7495
10. 20 B.9468 2.9867 2. 8602 0.8103 8. 71591
10. 30 8.9497 B.9114 PeB667 f.8184 B+ 7685
10+ 49 B,9525 Be915%59 P.8729 D.8262 B« 7777
18. 50 8.9551 B.9202 2.8789 #.8338 B.7867
18. 60 B.9576 B.9243 P.8847 2.8411 Be 71955
18. 70 T Be9608 2.9283 2.8902 P.8482 @.8040
19.88 B.96L23 0.9321 @.8956 #.8551 2.8123
19.90 B+9645 B«9357 d. 9008 2.8618 B.8203
11.09 0:+9666 6.9392 P.9057 #.8682 0.8281
11.10 B+9685 B9 425 09165 B8 745 9.8357
11.209 0:9704 B.9456 B.9151 #.8805 0.8430
1130 2.9721 Ge9486 9.9195 P.8862 B.8502
11+ 40 0.9738 9.9515 0.9237 3.8918 #.8570
11. 50 B.9754 B.9542 @.92717 2.8972 Be86317
11+ 60 3.9 769 B«9568 P.9316 0.9023 2.8721
11.70 2.9783 9.9593 0.9352 2.9073 D+8763
11.80 29,9196 Be9617 #.9388 f.91208 9.8823
11.90 0.9809 B.%2639 8. 9421 B.9166 2.8880 :
12.00 #.9321 09640 2.9453 29209 08936 ;
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TABLE IV

DETECTION PROBABILITY FOR SCAN MODE

Beam Numbers A, B, E, and F

N=3 M=

S/N Ratio

S/N RATIO
2.10
2.20
2.38
2. 48
2+59
2. 60
2.70
2.88
2.90
3.00
3.10
3.20
3.30
3. 40
3.50
3.60
3.70
3.890
3.90
4.00
410
4,20
4.30
A4 4D
450
4. 60
4. 76
A4.80
4.90
S.40

2

10-3

—m——

16+ 45
0. 4371
@ 4498
Be 4626
B 4755
@« 488 5
P 5615
G.5146
0.52177
2. 5408
2. 5539
@+ 5670
0.5881
9. 5931
@+ 6061
2. 6190
B 6318
@ 6445
0. 457
B. 6696
0. 6819
B. 0740
0. 70680
Be 177
0. 7293
B 7407
2. 7518
Qe 7621
P¢ 7733
Q. 7837
Ge 7939

False Alamm Probability

10-% 10-5 10-6

——— —
——

19.55 22,53 25. 41
@.2676  8.1638  @.1002
8.2787  8.1716  2.1065
8.2900  @.1805 2. 1132
8.3016  0.1897  @.1201
2.3134  8.1992  2.1273
@.3254  8.2090  0.1348
8.3377  8.2198  @.1427
2. 3501 8.2294  0.1508
0.3628  0.2401 2. 1593
@.3757  8.2511 8. 1681
2.3887  0.2623  0.1772
8. 4019  8.2739 2. 1866
8.4153  0.2857  ©.1963
2.4288  8.2977  0.2064
0.4424  0.3100  0.2168
. 4561 8.3226  0.2274
@.4699  2+3354  0.2384
@.4838  0.3484  0.2497

8. 4977 B+ 3616 P.2613

B+5117 8. 3751 8.2732
B.5257 8.3887 9.2853
0.5397 B AD24 8.29717
2.5%37 Be 4163 @. 3104
B.5674 0. 4304 9. 3233
2. 5815 @ 4444 @+ 3365
25953 Q. 4588 0. 3499
0. 6091} B. 4732 @.3635
P 6227 Be 48 76 0.3773
D 6362 1. 5020¢ 2.3913
B. 6496 P+5165 = 08.4054

[
[

1077

N ————

28.22
2.9622
P.8668
0.8716
B:0766
0.0820

0.0876
B B3N
.5{&%9%;
"B 1063

2.1131
0.1202
B.1276
B+1354
9+1435
f.1519
0.16086
P« 1697
P+1791
6. 1888
9.1988
f.2092
0.2199
9.2309
B.2423
@.2539%9
B 2658
P.27821
2.2906
8. 3632
D31 64
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Beam Numbers A, B, &,

M

S/N Ratio

S5.10
S.20
5.32
Se 40
.%+50

%70
- %.80
. 390

- 6.00

610
6+ 20
$s3ﬁ
-6 40

6.50

e 60

- 670
$:80
6:99
7.00

) Trlﬂ

- T.20
7.30
Ve 40
7. 50
T7¢ 60
7.8
7.80
T+98

TABLE IV (Continued)
DETECTION PROBABILITY FOR SCAN MODE

and F

False Alarm Probability

1073 1074 1075 106

0.8038 . 6628 8. 5310 2.4197
9.8134 0. 6759 @+ 5455 0. 4341
0.8227 @.6887 8. 5599 Q. 4487
0.8317 0. 7014 0+5743 0.4633
0.8409% @.7138 0.5886 0.4780
0.849¢0 9. 7260 0. 6029 0 4928
0.8572 @. 7380 Q. 6170 B0.5876

08651 B+ 7497 8. 6318  09.5224 .

2.8727 0. 7612 B¢ 6448 B 5372
6.8800 B 7724 2. 6585 2.5519
2.887¢ 2.7833  08. 6720 e 5667
8.8937 0. 1939 B+6853 - 0.5812

0.9002 . ©.8042 0. 6984 0.593%9.

0.9063 O.8142 Q. 7112 B. 6183
P.9122 28239 8. 1238 5(6247
20.9178 0.8333 0. 1362 @+ 6388
9.9232 -BeBALA 0. 7482 = 0. 6529
0.9283 @«8511 0. 7680 0.6667
09331 2.8595 8. T1S @. 6883

8.9377 08876 8. 1827  9.6937
B.9429 08754 6. 71936 ‘Be 7069
09461 0.8829 - 0.8042 ' 98.7198

0.9508  ©9.8981  0.8148  @.7324
0.9536  8:8969 028244 8. 7448

" 8.9570 09034 8.8348 0.7569

0.96083 8.99%97 9.8432 @.7686
99633  0.9156  0.8521 2. 1801

0.9661 g.9212 2.8607 8.7912 -
. @.9688 B.9266  0.88690 = @.3821

1077

i

93297
B+ 3432
Pe 3569
9. 3709
03850
9. 3994

0. 4138
Be 4284

8. 4432
0« 4580
0. 4729
514879
R 5029
@+ 5179
8. 5329
8.5479
Ge5629
P.5778
B.5926
8. 6872
9. 6218

- B. 6362

Q. 6504
B+ 6645

~Be 6783

0.6919
9. 7052
2. 1183
8. 1312

et st o e it e . S . . o R
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TABLE IV (Continued)
DETECTION PROBABILITY FOR SUAN MODE

Beam Numbers A, B, E, and F

N =3 M =2

False Alarm Probability

S/N Ratio 103 107 107° 10°¢ 1077
8.00 P.9713 B.9317  Q.8769 8.8125 #. 7437
8.18 B.92736 09365 0.8844 @.8227 @+7568
8.20 0.9757 2.941¢0 B.8917 9.8325 @. 7619
8.30 B.9718 0¢9453 0.8986 B:8419 B« T795
8. 40 09796 2.9492 2.90%52  8.8510 . @.7908
8. 50 2.9814 3.953¢ B.9114 0.8598 . 0.8017
8. 60 . 2.9830 09567 8.9174  2.8682  9.8123
8.79 8.9845  2.9600 2.9231 f.8762 2.8226
8.80 V g.9838 @, 9631 8.9284 - 9.8839  0.832%
8.90 B.9871 Pe9661 = 949335 -0+8913 8.-842]
9.00 . 8.9883 = 0.9688 ©.9383 8.8983 9+8512
9.10 " B.9893 8.971 4 #. 9408 8.90506 9.8681
9.20 ‘3+9983 - B8«9737 B:.947 Pe%114 B+8685
9.30 9.9912 D:+975%9  B.9511 2.9174 0-8767
9.40 0.992!} 2.9780 0.9548 2.9231 B.8844
‘950 29,9928 8.9799 - 9.9583 . 9.9286 0.8918
9.60 3.9935 - 8.9816 B.9616 8.9337 8.8989
Yo T . Be9942 2.9833 B:9647 6.9385 0. 9056
9.88 8.9947. 0.9848 8:.9676 9.9431  0.9120
9.98 0.9983 B.98862 = 9.5783 G.94'74 8.9181.
16.0€ - Be99S7. 8.9874 B.9728  0.9514  B.9238

10418 2.9962 ) 8.9886 ’ 0-9751_ 8.985¢2 . 9293
10.20 : 89966 2.9897 Q.97 0.9587. B8+9344

- 18.30 8.9969 0.9928 ge9 0 - 2. 9620 8.92393
10,48 . 89972 B.9918 0.981¢ 0. 9651 0.9438
10. 50 0.9978 2:9924 9.9827 - ¢.9480 @.9481}

19. 60 8.9978 9.9931 8.9843 9.9757 B ¥9%)

-

S S e e



Beam Number A

N=3

Ms2

S/N Ratio-

210 -
2.20
2430
2. 40
2+ 50
2.68
2.70
2.80
2.90
Je 60
Je 10
.20
3. 38
3.48
.50
3o 60
370
J.80
3.90
4¢ 00
410
4. 20
4.30

Ao 4B,

4. S8
a 68
4. 7@
4. 88
4. 90

 5.08

C Be5140 90,3957 6. 3921
C B+5242 ©  0.4963 0.3124

‘0¢5443  0.4277 643333
- 045544 044384 8.3439

TABLE V
DETECTION PROBABILITY FOR SCAN MODE

Center (No Beam Averaging)

False Alarm Probability

1073 1074 10-3

164 45 19.55 22.53
@.3813 0. 2646 8.1822
@.3914 2.27480  0.19084
9.4015 8. 2835 Gi|987_
G.4116 - B.29232 0.20173
8.4218 - Q.3030 -« 0.2160
@.4320 2.3129 3. 2249

@.4482 8.3220 0.2346

2.4525 @+ 3331 8.2433

B.4628  8.3433 °  0.2527 .
‘@473 0.3536  ©8.2623

8.4833  8.3641  8.2720
@.4936  8.3745 @.2819
2.5838  @.3851 = £.2920

¥25343  0.4178 0 B.3288

B 5643 0. 4491 9.3546
B.5742 8. 4598 B.3654
@.5840 0. a786 ' 0. 3762
8.5937 . G. 4813 2.38 M _
3. 6833  0.4919  9.3980
8. 6129 8. 5026 8. 4890 .
2. 6223 9. 5132 O 4199
0063'6. 8. 5238 B.4318
9. 6409 2. 5343 GOQ‘Q@
@. 6548 8.5447 0.4530
8. 6598 9. 5551 B 4540

- 8.66718 8. 5653 . 8.4752

1076

———r

25. 41
A. 1252
8. 1319
8. 1389
B 1460

8.1535
8.1611.

8. 1689

0. 1770
9.1853 -
0. 1938

B.ﬁqes T

2.2114
8.2205

" @, 2298
0)2393 -
Be 2489

8.2587

0.2687
8.2788
- @.2890

C 8.2994

9. 3099

09,3205

8. 3313

. G 3421

8. 3538
8.3648
0. 3750
9. 38 &1t
8.3973

1077

28.22
2.0858
g.0911
2.0968

2. 1026

e.t1087

. @e1131 |
@et2186 -}

9.1284
9.+ 1355
B. 14828
@, 1503
8.158¢8

- Be1660
C@e1742
@+ 1826

81912

0. 2801 -

0.2091

02184

92278

0+2374

B.2472 .
B 2502
02874

2:2776
¢.2881

'312986 '

@. 3693
8. 3201

2.3310




TABLE V (Continued)
OETECTION PROBABILITY FOR SCAN MODE

Beam Number A
N=3 MNs2 Center (No Beam Averaging)
_ False Alam Probability
S/N Ratio 10-3 104 105 108 10~7
5«10 G666 0.5756 8. 4860 04085 B.3420
5.20 . ©@.6882 25857 @ Q.4a96y B.4197 - @.3531
5.30 S B €937  0.5957 9+.50718 Q. 4389 8. 3643
Se 40 . B« Te21 9. 60856 @.5186 B 4421 " @e3755
" 550 _ @716 . B, 8154 Be5294  @.4533 . - 8+3868
568 - BeTIBA B 6&5,‘ DeS481 2. 4646 9. 3981
‘S«T8¢ - - . @« 7263  @.6347 B.55%87  2.4757 0:49094
© S.680 . B. 7341 - Q. 6441 . B+5613 G« 48 69 [- B ‘8“
- 598 .. BeTA18  8.6534 BeS71Y 8. 4980 9. 4322
T Ge00 - G493 . 8. 6626 8.5821 €. S99 - @r» 4438 - -
. 618 - B 1566 8.6M7T 9.5923 B.5200 0+ 4549
L6+ 28 o G« 7638 . 93,6806 0. 6828 Q3210 B.4663
6+38 81789 8. 6894  Q.610% 9.3418 @ 4776
6. 40 "G TTI8 8.6%98@  g. 6224 - B.5526 - @.a888 o
6438 Be 7846 8, 7865  G.6320 8.5633 @ 5801
6 80 - BaT9tg 0. a8 0. 6418 8+ 5708 8:5112
L 670 87977 - B.7230 @ 6513 825543 8.5223 .
“be80 . D8040 Qe 71310 8.46087 8. 5947 8.5334
6:9¢ . Q.8182  9.7389 @ 6699 8. 604 8.544)3
B 2 [ S G.8162 @, 1466 9. 6190 - 0. 8150 8.5%52:
- %10 . - g.BR2L 6. TS42 0. 6880 8. 6259 - B+3659
. T.20 8.8278 8.7616  Q9.8967 8. 8349 @5 786
7130 _ : "0+8334 . @, 7889 €. 7054  B.644¢ . B, 587
T Tead - PeBI89 ' D.T7740 2. 1! B G.85a2 0.597¢
T ThS@ ' 83,8442 @. 7829 0. 7222 8. 6636 8. 68719
7. &0 o C8.8494  2.7897 8, 738) 8. 6729 2. 6180
T 70 . Be8%544 2. M63 8. 7383 = @8.88R0 8. 628}
7-8_0 C 8.8%593 e.gdes 0 T4 81 Dy 918 8. 6388
1.99 : - @864  9.8691 0+ 7538 8. 6998 B. 6478

‘8.00 - 8.8687  0.8152  9.7613  @.7685 © @.8574




Beam Number A
N=3 M=

S¢N Ratio

810

. 8625 -
8.38
8. 42
QtSQ

" Be60
8.78

" B.80 .

 Ba98
.90
9,18
.00
9.38
P 40

TR 68
 9’19_
.80
 9.99
1808
. Q.18

o !6:86.
18s 38
18,40
19. 58
16. 68
16.70
10.8@
16.99
i1.00@
ttel@
t1.20
11.38
“1le 4B .
f1e50
e 80
i11e 70
11.89
.90
12.00

TABLE V (Continued)
DETECTION PROBABILITY FOR SCAN MODE

Center (No Beam Averaging)

103

Y ——

8.2732

. 8.8778

2.8819

- 8.8869

0.8908

2.8939

0.8977

90,9913
8.9049
8+9083

g.9116

T @s9148
39188

e.9210

3:9239
8:9267

23.929$%

'3§932‘
8+.93a7 .

8:9374

8+3395

a.9418
9.9440
8:94642

90,7483

9.9%03
0.9522
S.9%40
8.9558
B.9516
9.9592

- S.9488

8.9624
8.9639

99653
. 89867
- B.9680

0.94693
@.9705
@717

False Alam Probability

1074

T @.8212

- BeB2TN
0.8328

9.8384

9.8438

@+8490

9485 41
- 38591
. DB 4B
8.8687
2.8732
- B.87177
9.8820

. Be8861
" G.8902

#.8941
9,897
B.9816
'@e9086

C8.9120
. @.9152

B.9184.

B.9214¢
8.924)
8.9272
8.9299
80?39‘
B.935¢
849376

C 89400

8.9423

 8.9445

0.9467
2.9487

29507

2+9526
€«954%
8.9563
6.958¢

8.985%8

1075

———————

6. 7687

- B T759
2. B2

8. 7897
8 7964

. P.8030
9.8893

2.8156

0.8216
- B.8275
' @.8333.

¢.8388

@eB443
0.8498
- 8.8%47

0.8597

0.8645

- 88693
B.871)9
"6;87535

.8827
8.8868

8.6909 -

8.89a8

0.898¢6
- 3.9023

0.9859

"3.90%4

@.9127

- 89159

8919}
0.9221

'0&925“

292719

0.9306
- 89332

9.9358

8.92382

@.9486
8.9 429

1076

S ——

.m0
8. 71253

847335

‘@e 7415

9. 7493
0. 1570

Be 164S -

QT8
@s7790
@. 1860
2. 1929
0.7995
0.8062
0.8124

9.8185
B.8R246
9.8354
8.8361

 B.8AL1T

@.8am

$.8523
2.8574
0.8624 .
BeB672 -
8.8719
BeRTHa

6.88e8

- B.8851

ﬂ¢§892
0.8932
g.897
0.99088
3.9945
8.9080
B.9114
8+:9}1 47

0919

Pe 9210
2.9£39
0.9243

10-7

. e 6668
2. 6761

0. 6353
B. 6943

@ 7831
Qe 7118

6;7293
0. 7286
Be 1367
B 7447

Qe 1325

3. 7602

7 ac16’7vf_
. 1750
" 9. W2Y

@189
871959
0.8025
8.8098
'E‘Slsa
CPcB3R14

€.82%
8.8332

8.8388

8. 8443

ReB497

Q¢35 49
8. 8599
0.B448

0:.8896
3087‘2'

0.8787

- @.8828

8.8872

8:.8913
. B+8983

2.8991

8.9028 -

0.9064
0.9099

et ety o
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Beam Numbers A and E

N = 3 M= 2
N Ratio
210 1Y
o2 I - I
T 2.30 . B
L 2.48 - B
- 2.%0 B
. 2.60 ' B
2.89 © B
290 - B
A-;OQ' _'a!
" 3.18 B,
3.28 " @
J. 30 [. B
“3.48 8.
.50 @
I 88 e
3.10 - gﬁ
o 3.80 8.
- 398 B
I s B &
A= Y8 @
4.90 B
4, 38 - B
A 4D 6.
4 59 @
T ‘l“ ‘o
& TR S
A.808 B,
A« 98 8.
3.08 - 2.

TABLE VI
DETECTION PROBABILITY FOR SCAN MODE

Center (No Bean Averaging)

~False Alarm Probability .
| 107

-3 e 10tS 10 107

8 45 19:.5% = 22.5%) - 25+ 41 28.22
61712 B 4592 G 3313 .. 8.2347 Be 1 641
62946 B 4729 B¢ 3445 0.2464  G8.1740
41T 2. 4867 - 8.3%80 D§2534“ - B.1842
£%)8 B.5304 G IS . S.2703 @.1947 .
6697  @.5142 2. 3853 - Be2834 9.2656
8114 B:5279 ©.3992  B.2962  0.R169
&889 8.5416  2.4132  2.3894 8.2285
1802 B.5552 °  G.A274 0.J221 6. 2404
7(!! #5688 B.4415 Be3363 - B.2526 .
1223 8.5382  8:.4358  B8.J3531 B 2831
1339 - 0+595%6  B.a4781 #3640 8. 2788
Ta35 9.3288  G. 4844 9,378 - 0+291%
1538 8. 86219 0.4987 B.3924 0.3044
1438 0. 63439 85130 8.4988 S.3188
1136 G 6475 . - B.5272 8. 4213 3.3319
783‘ B.68681  B.5414 8.42358 B 3459
1924 8. 81249 B+5555  6.4%8%5  @.J68)
8814 ‘B2 6B A8 "B H6986 T 944851 0 9.3745
8102 ﬂiﬁ9Q5_ 8.583% 2.4798 2. 38M
8187 @,7042 - B.597 8. 4945 B¢ 4037
828 R IRiL A @+ 6108 O«5892 9. 4185
8la¢ @« 7389 . 6243 . 5238 @, 4332
BA27 - 8. 7419 @. 6376 90,5383 @. 4483
6301  B.7526  0.6507  M.S508 8.4632
8573 Q. 1633 8.6635  0.5672 . B. A8
9643 - 8. 7732 B 6762 0.%814 U, 4932
8710 . B.7831 8. 6886 6.595% 0.5e81
- 8. 7927 0. 1008 " 8. 6894 8. 52230
88237 0.8320 8. 11217 0. 6232 8.53718
8897 8. 7244 9.6367  8.5%25

Q811




- TABLE VI (Continued)
: OETECTION PROBABILITY FOR SCAN MODE
Beam Numbers A and £ , ‘
N = 3 M =2 ‘Center (No Beam Aversging)
, False Alarm Probability
 §/N Ratlo. 1 19 105 106 1077
S.10 - 2.8954  9.8198 - B2 7358 3. 6581 Be56TH
. S.28 34,9889 = @.8283 8. 1489 6. 4632 B+ 5815
S5.3¢ - 349062  D.836% @. 75717 8. 6761 @.5959
S.40 - B+9118 | G844 8. 7683 9. 6888  @.6100
‘550 Be91 61 2.8521 2. 71188 - 9. 7812 - 8..62)9 P
S 68 3.9207 2.8594 @, 7885 B¢ 1133 - B.6377 .
Se78 ' B.9851 B.886%5 8. 981 @. 7251 . 8. 6512 i-
.80 . 09293 3.8733 "8.8875 - @, 7387 B+ 6845
C S.9¢ - 3.9302 @.8799  B.8168 - 8. 7488 0. 6776
6:08 - 29371 B.8862 88253 0. 7590 = Q. 6904
658 - 0+94B8  0:8922.  2.833%° 9. 7696 2. 7229
6 08 - @.9442° 0239860 @ 9.8420 3. 7800 3 7151
638 - 2415 39035 @:8498 B 790} BTN
- 6o 49 ’ #.9528 €. 9€88  B.8574 8. 998 B 7387
6+ 58 . 849838 89139 "B.8647 e.8893 a. 7501
-8 68 T 8s9544 8.9187 G.8T17 2.8184 . 0. 761}
6. 70 o 8e9991 9.9233 #.8784 8:8272 & 1ns
68686 9616 a.92117 G.884% 8.8357 @. 1823
698 " 8+.9840 a.9318 B.8911 0.-8439 - B 1324
7.80 - 89682 9.9358 - 9.8970 2.8518 . 2.802)
710 - 0.96%4 °  $.939¢ 8.982% - BeB394 2.8116
- T.20 - B.9704 B9 432 0.9888 0.8667 - B.8287
7.0 09723 0.9 446 8.9132 8.87137 8.8295
T. 49 3.9740 8,9 498 . B.9181 0.8804  0.3380
. T80 : 30’7$7 9.9%29 8.9228 0.8868 O.84862
“Te 68 0.97T7) ®. 9558 8.9273 9.8938 @.85418
T.78 09788 8.9589 0:9315 0.8989 8.8617
T.88. a.9882 _d:9611 - B.93%6 . 8.9045% 2.8 6%0
1.980 8:981% 0.9836 2:93%4  0.9999 Q.87592
8+ 88 B 9888 8. 9859 @942 9.2150  8.8828
Q-‘o . ; 0.983%  0.9483 - G.9488 B.9199 28.8298
i
29 !

et o e




. TABLE VI (Continued)
'DETECTION PROBABILITY FOR SCAN MODE

Beam Numbers A and E ,
N= 3 M= 2 Center (No Beam Averaging)
| | False Alarm Probability

S/N Ratio 1073 w0 s s 10-7
8.20 2.985¢ - 0.9701 8.9498 09246 8.8%51
8. 30 : P.9839 - L 9789 ) 9’.9529 @0?290 B.%010 .
Se 49 . B.9870 #.9739 2. 9558 2.9332 @+ 9063
850  B«9879 891756 8,9586  0.9372  B.9i18
8.60 8.9887 2.9772  8.9612 B.9410 0:9169
8.70 : B.9895 2.9787 B.9635 . 0.9445 2.9217
8.86 - = £.9903  @.9882 B.9660 3.9379  9.9263
8.98 @.9909 9.9815 = 2.9682 8.9512  0.9307
9.30 . Be9916  0.9827 . 8.9782 829542 P 9348
S 9.18 8,9922 8.9839 8.92722 B.95T1 8.9388
9.20 “Be9%927 . 0.9858  3.9748 8.9598 2. 9425
9.38 9.9933 B.9861 - B.YTISB  B.9624  3.9460
9. 40 © . 8+9938 B.9870.  3.9774 0.9448 - B.9494
9.50 9+9942 2,981 0.9789 @96 A.9585
© 9468 89946 = 0.9888 89803 . 2.9892 Qe 9555
2:70°  8.995@  Q.9896 a. 9817 8.9 182 8+.9583
980 . B.9954 - 8.9903  0.9889  J.972 A, 9610
998 0.9957  @.9910 2.9841  @.9749  0.9635
18. 80 : @+.9960 8.9917 - B.9852 B.9766 De V659
© o 19.40 . 29863 1 9.9923 0.9862  9.9782 B.94681
18.29 0+.9966 99928 © Q.9872 @997 8.9 702
18.38 3.9959 08,9933 . @.9883 B.9811 - B.9722
18,48 3.991) 2:9938 2. 9889  23.9824 . 0.9748
19:59 - @8.9973 0.9943 - @.9897 2.983¢ 8.9758
10,68 = 39975 2:.9047  6.99085 B.9847 B.9774
19. 7@ 29977 @+ 9951 @991 - 99898 09789
12,80 . 049979 8.9958 2:.9918  2.9868  9.9804
3 18.90 © @.9982 8.9958 @.992a  B.9871 9.9817
- 11.90 8. 9982 0.99 61 2.9929 8. 9884 249838
i 11e1% 29983 9.99 54 0+9935 0.98%4 8.9842
- 11.090 029985  8.9947 8. 9939 @, 9902 9.9853
% 1130 09986 B.9969 A 9944 9. 9909 9. 9861
- 11+ aw  8.9987 8.99 72 8.9%48 8.9915% 83,9873
- 11.38 0.9983  8.9974  @.9952  @.9921 9. 989
r 114 68 . Ae9%89  B8.9978 2. 9955 9,992 We 9899
11,72 8.999@ $.9978 D. 9959 f8.%93) 8.92398
11.80 8.999¢ B.9979 2.9962 B.¥938 - @.9%@4%
S 11.99 8. 9591 3. 9981 8.9965  8.99422 8.9912
124040 . @e9992 9982 d9%67 Be 3946 D931419
5 w
&
K




TABLE VIl
DETECTION PROBABILITY FOR COHERENT MTI MODE
Beam Numbers A and B Ty = 14010 . T, = 1/2645

PF = ]0“5

FOR RECEIVER CASE 1

S/N RATIO (DB

VELOCITY B, 2. 4 6 8. 18, . 12.
185, 2.000. 8.080  0.081 0.902 0.006 0.821 @.062
EL T 9,080 3.001 ©8.004 0.012 @.036 . 0.088 ©@.17%
125. 8.801  9.004 0.013 0.037 @.898 ©.188 9.3e2.
135, 0.08] 4.863 5,018 9.031 .87  9.161 @.279
145 . 2,088  @.201 0.902 V.006 @.920 @.053 9,120
155, #.8708 0,000 0.200 0.901 2.005 4.418  8.951
165 9.001 ©.002 . B8.008 3.025 0.Q67 9.147  B.266
115, 0.004  8.013  D.040 2.098 3.196 ©.328  ©0.475
IRS. 6,018 2,032  0.982 9,172 3.299 @.444 0,586
-195.6 V d.014 - D042 g 1M Q. 282 B340 Q.49 -¥, 647
AVE » . 8.803 8.910 8.026 .09 RENITY B 194 2.296
‘7‘0 1 & | 18 - Qai T 22 24.
195, 0.153  €.303  9.492  0.675 ©0.816 9.906
115, #.298 l.438  ©8.579  O.i06 Q.818 ?.888
. 12%,. A . e;i“{ q. 5377 Q. 496 2. 198 B+.8%9 0-0'937 )
‘350 . ﬁf,“ﬁ( 8.53%4 B 6T . 0. 175 o.348 0:980
| 4%, 842235  0:356 Q.S92  B.644  0.766 2.86!
15%. G124 f.250 g. 419 . 6088 @758 3:.886
183, " B aD9 06553 . 8. 430 &. Y B.8%) 6.901}
178« 0.813  @.728  @.815  8.878 3.9280 @8.949
E . 185, 8,707  8.801 0.871  2.920 9:953 B.974
A 195, 8.775 8,878 0.93t 8.966 B.984 @.593
- AVE = o416 G543  B.666 0.T73  0.857  0.915
3
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Beam Numbers A and B

VELOCITY

105,
115
125,
135.
145,
155
165.
17S.
185,
195,

AVE =

105,
115
125.
135,
145.
155
165.
175
18S.
195

AVE =

TABLE VII (Continued)
DETECTION PROBABILITY EQB COHERENT MTI MORE

FOR RECEIVER CASE

Qe

0.9300
3. 300
2. 00!
2.001
0. 000
B.000
2.001
2.205
8.014
3.0i8

A.004

14,

B.186
B.236
B.482
e 457
B.258
B.152
0.a52
2. 651
0.73¢%
0.897

0. 452

2.

G.000
3.70¢
B+ 005
0.004
2.001
3. 000
2.003
2.017
A.04]
#.053

2013

16

?#,353
0.480
@¢615
P.593
A.397
2.292
Be594
B+ 758
2.325
2.891

#.580

= 174000
P = 10-5
S/N RATIO <DB)
4. 6.
o.001 G.v02
2.005 0,016
2.a117 Q.047
2.014 B.040
A.002 2.008
2.001 2092
2.010 23.032
0.051 Detiv
2. 101 2,203
Q.124 8.237
B.0832 D071
18+ 200
B.547 @e 722
B.6183 @. 739
Be 127 A.813
3. 199 G800
B.544 e 682
Qe a7 @+ 649
2.713 ?.805
2.837 #.893
6.887% B931
D244 2.973
B. 700 0.891

Z

Re

?.008
B D46
g.110
0896
B.025
D.007
2.083
2« 230
A+ 339
B.384

2.133

22,

@.848
D836
D876
8866
BeT97
PeT94
B.870
B.93j

D960
2.988

B.8177

= 12545

18-

B.0627
8107
2.211
2.190
B.067
2.023
@175
@370
d.487
2. 541

D. 220

24.

B.724
2:986
0.919
0.912
0.883
2.891

B+916
8.955
29179
G¢995

g.928

AT At et ...

12.

Be 279
@+206
Q. 341
P.316
G. 144
s 065
@+ 305
G. 517
9. 688

De 329
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TABLE VII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

FOR RECEIVER CASE 3

VELOCITY

185,
115,
125.
135.
1450
15 5.
165,
175
i85.
195,

AVE =

105.
115.
125,
135.
145.
155.
165
175
18S.
19Se.

AVE =

.

6.6060
2001
f.802
0.002
0.600
9.000
f.001
0.810
@.027
B.036

2.008

1a.

Be349
B+556
B.724
B. 698
0. 449
0.288
D704
8.879
B.932
8.964

@+ 654

24

8.000
0.002
8.009
8.8087
2.001
0.000
2.005
8.034
0.083
a.105

B.H25

16

8595
8. 722
2.843
9.825
8. 632
2.511
2.837
De942
B.969
B.989

2.787

Ty = 174010

Pe =

1073

S/N RATIO (DB)

4.

P.001
2.009
9.033
B3.027
2.004
2.001
2.020
2.101
f.199
2.238

G.063

18.

0.805
0.847
B.919
8.9¢8
B.786
@. 730
2.918
8973
P.987
B.997

8.887

33

6o

D.004
#.0632
0.095
p.080
@.015
9.003
A.064
P.231
2.374
. 426

8.132

20.

0.928

" 0+.928

2.961
B.956
0.895
P.883
B.962
#.988
B.995
84999

@.950

Tp =

Be

2.015
2.091
2.212
0.187
0.050
8.013
Be 165
B¢ 415
0570
B 626

d.234

22.

Be979
B.972
9.982
2.980
0.958
0960
B8.983
P.995
3.998
1.000

#.981

1/2645

18.

B.853
B.207
Be379
0.347
2.132
2.245
0. 328
B« 609
e 741
B. 794

@363

24.

8,995
@.9291
G.992
B.991
B.986
0.989
2.993
0.998
1.000
1.098

G+993

12.

B¢ 155
@. 372
B. 562
8.530

0.271

@.128
Be524
B. 771
B.861
8. 9085

9. 508
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TALLE VIT (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE
Beam Numbders A and B Ty = 174010 Tz = 1/2645
Pp = 1075

FOR RECEIVER CASE 4

S/N RATIO (DB

VELOCITY 00 20 40 60 8. ]ﬂ. len
18S. d.000 3.000 2. 001 B.004 3.018 P2.0863 @.181
115, 2.001 3.903 8.211 0.038 B 106 G232 @+ 405
125. 2.003 d.011 3.639 B.118 @.238 Ge411) . B.594
135, 2.002 B.089 9,032 0. 093 B.211 0.379 Je 563
145, D006 2.001 0.0205 0.019 2.060 B. 151 B.299
155, 2.000 @. 000 2.001 0-084 2.015 B.054 Be149
1 65. 2.802  0.006 0.024 Q876 3.188 B+361 @+ 559
17S. @.812 D.041 2.118 @259 B.450 Je 643 B+ 795
18 5. P.9032 B.697 8.225 B+ 408 B. 695 B+ 768 @.878
195. A.043 0.122 B.267 @. 462 B.660 B+819  0.920

AVE = 2.010 8.229 BeR72 B.147 2.2585 P. 388 G+S34

14. 160 i8. 20« 22. 24,

18S. ¢, 389 B¢ 638 #.835 0.9 41 0.983 0:996
115. P+ 589 9. 748 P.866 2.939 BeT7 0+993
125 d. 750 B.861 0.929 0.967 0.985 9.994
135. B. 725 D.845 8.928 BGe9 62 8.983 0.993
145, Q. 483 P+ 663 0.810 2910 8965 0.989
159, 0.323 0551 Qe T64 9.593 d.9 68 B.991
165, @. 733 Q.856 0.929 Ge9 A3 @+986 0994 :
175, g.894 0950 G.978 P.998 J+998 9. 998 :
i85, @942 Be974 0.990 B996 8+999 1.000 !
155 PeSTY @3+991 0.998 1.000 1.000 1000

AVE = P+ 688 - 0.808 3.902 0.958 2.984 2995




TABLE VIII
DETECTION PROBABILITY FOR COHERENT MTI MODE
Beam Numbers A and B T, = 1/2645 Ts = 1/4010

pF = 10"5

“FOR RECEIVER CASE 1

S/N RATIC (DB)

VELOCITY Bo 2 4e . 6o B 12. 12.
135, 2.3006 2.000 2.002 B 006 B8.020 2.055 f.128
11S. #.004 &.012 B3.037 Jde 022 9.187 ?.318 De 464
i’ P.013 BP9 @.095 B.i192 P.323 2.470 2. 629
135. 9.010 2.832 Q.082 Pe172 2.298 Qe 444 0.585
145, 2.002 P.6R6 8.020 2,055 B.126 Ae 238 D378
155. 0000 0.000 2.000 B.001 B.005 P.016 8. 047
}165. 2.000 G.000 2e.201 0.002 0.008 2.9225 Q.64
175. G. 000 2.001 0. 004 0.9013 0.039 D093 2.183
185. Q.01 P.083 BeB11 G.032 B.879 Be.164 B.286
195. d.602 D¢ 007 2023 Q. 068 Pe 165 @.323 PeS15

AVE = G293 2.010 b.027 g.2632 B.125 g.214 G326

14. 16 18 2¢. 22. 24.
105, @246 Be 402 G571 B. 724 D.840 2.216
i15. d. 604 #9721 f.810 3.875 9.919 B.249
125, #7825 98123 P«878 P.919 0.948 @967
13S. B 796 de 799 BeBA7 6.913 0.944 P.964
14%. B.524 De 655 Pe 761 De B 40 P.896 2.93%
155, D117 a.241 P4l fe 594 B. 752 De B 65
165 d.138 B+248 9,383 2,523 0. 650 @.755
175, A.307 G446 @.582 24699 0. 792 2.861
18 S. @ a35 De 592 @- 7134 0,844 2.918 B9 60
195 d+ (96 P.831 2915 2.960 B.982 B.992

AVE = 2+ 450 B S575 de 691 A.789 Be864 8.916

35
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TABLE VIII (Continued)
DETECTION PRORABILITY FOR COHERENT MTI MODE

Beam Numbers A aqd B 71 = 1/2645 Tz = 1/4010
. PF = 10'5
FOR RECEI VER CASE 2
S/N RATIO ¢DB)

VELOCITY G 2e 4. 6. 8 10, 12
105 0.000 B.001 2.002 9.008 3. 025 0.069 Be154
118. 2.008 Be016 @.047 P.113 Q.220 9. 359 @, 507
125, P.017 B.049 B.116 2. 225 Be 365 @.513 P. 846
135. G014 2.041 Q.101 @.203 0. 339 Be 487 B+ 624
14S. 0.002 0.008 0,026 D069 9.152 8.275 2. A21
155. 0.000 Q.000 @.000 9.002 0.006 0.020 G060
165 2.000 O.000 de 061 0. 203 0.010 @.031 #. 080
175 B.000 B+«201 Q. 005 B.017 Qe 049 P.113 9.219%5
185, B.001 B.004 Q.014 0.040 P.097 0193 26326
195, @.002 2.009 0.030 0.086 0. 201 B.374 0570

AVE = 0.004 @.213 2.034 0.017 B«146 9.243 B.360

‘14 16 18 29, 22 24.
105, B.286 De 449 B. 618 Be 762 0867 0.932
118. B 642 @, 751 0.832 0.890 99306 0:.956
12S. fe 7154 B.835 B.891 9.930 9-939 G.97%
135, B 137 2.822 8.8823 #.924 8.951 Be9 69
145. 0.565 B 690 2. 1828 0859 0989 Q744
15S. @143 B.283 B. 462 B 644 8. 7191 2.889
165, " Be165 9.284 Be 424 0.562 0. 684 0. 783
175, eI 4G @.487 Be 619 G+ 732 G818 B.877
185, 0.480 @ 635 - 170 2.870 9.933 @968
195. Pe 741 0.8 61 8.932 0.969 9.986 Pe994

AVE = G.486 0.612 9.722 - B3.814  e.882 2.928
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TABLE VIII (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B Ty = 1/2645 T2 = 1/4010
:
P = 1078
FOR RECEIVER CASE 3 }
S/N RATIO (DB)
VELOCITY 0. 2. a 6 8. 10 12,
105¢ - 0,000 0.001 0.004 0.015 0.050 0.137 0.292
115¢  0.009 9.032  8.094 ©0.219 0,400 0.596 0. 761
125. 8,033 0.098 0.226 ©0.408 @.603 0.766 0.876
135. G027 g.082 B.198 9+ 373 0.572 ﬂ_n T41 B.860-
145.  0.804  0.815 0.051 0.138  0.289 @.482 8670
155. 0,000 0.000 8.001 0,003 0.011 0.040 2.118
165,  0.000 0,000 ©.001 ©.005 ©0.928° 0.063 - 0.156
175¢  0.861 0.002 8.018 ©9.034 0.098 0,217 8. 385
185, 0,002 0.087 0.927 ©0.080 0.189 0.352  0.544
195, 8.804  0.016 ©0.959 0.178 9.373 . 0.622  0.825
AVE = 0088 0.025  8.067 0.145 0:260 0.402  0.549
14, t6. 18, 20, 22, 24
105. 01498 84704 - 8.859 0,946 0,983  0.996
115 0.873  8.938 . 8.972 0.988  0.995  0.998
125, 84948 - 8.973  ©.988 . 2.995  0.998  9.999
135¢  @.931  8.969 B.986 0.994 0.998  0.999
145s . @813 8905 ' 0,955  0.980 0.992 . 8,997
1985, . 0.274 0.497 0.722  0.880 8959 . 0.989
165:  8.306 ©.487 0.661 0.800 0.893  0.948
175.  0.568 8.729 8.847 0.921  0.962  0.983
185, 8.727 @.866 8,948  8.983  0.376  8.993
195 84937  8.582  0.996  0.999  1.000  1.000
CAvE = 8.687  .865 0.893 08.949 0.978 .99
3
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TABLE VIII (Continued)
DETECTION PROBABILITY FOR COHELSNT M1 ﬁo_gg_
Beam Numbers A and B Ty = 172645 T, = 174016

Pr = 1078

FOR RECEIVER CASE 4

S/N RATIO ¢DB)

VELQCITY 8. Pe -1 be 8.. 192, 12
195. g.000 2.001 "B B6S e.318 2.060 0.158 @. 325
1: 8 g.211 8.838 0.119 8.247 8. 425 @630 - B.786
125¢ ' 0.040  @ella 3.2%4 P.442 8. 827 @. 791 Q.892
138, 2.832 0.Q29% @224 C.408 5-664 B.767 8.878
~ 145. - 8. 005 8.018  @§.A61 D158 . 321 8.518 0. 708
158, - 0.088 @.000 - .00} 8.982 2.014 O.348 9.138
165. 8.008 ¢.000 Gnaaﬂr;.ﬁtaﬂ6 - 8084 . Q9.074 - 3.178
178, . d.0981 9’0@3 @912 6;04‘! 8113 @.243
- 18S. 0-3027 0.80% - 2.632 .80 8.213 8.384
195, 3005 @.029 '}Biﬂ?ﬂ' Bel97 QedlS B.664
AVE = B8.010 B.#70 - 00327 qu62 - 8i283 - Be428 .
1S 160 13. €8« - 22. - pa. v
189S, D537 @737 @.888 Q4956 9.987  9.997 :
15 . Vo889 Be047 Vﬁw9767, 3.590  2.996  9.998
ies. Ue 948 Be9TT  3.99¢ B.996 #.998 - 9.99¢
. 135+ P.941 @913 9,988 8.995 - 2.998 - 8.999
145, ‘@838 @917 A 962 8.983 2993 2.997
158. 2,308  N.539 Be 758 8900 3967 8:591
16S. 8.33% 8. 528 2. 698 @.82% 3.90¢ 8.9%%
17S¢. . 0.688 Q.754 0.864 0.93) - @968 B.9%CH
i8Se. 8. 756 0.885 8957 . 0.987 D997 B.999
195. 3.950 fe98¢ 0:997  B8.99% 1989 1.00¢0
AVE = _ 8,712 0.824 8.98¢6 0.956 f.981 6.992
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TABLE IX

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

FOR RECEIVER CASE 1

VELOCITY

105.
115,
125,
13S.
145,
155.
. 165.
175.
18S.
195,

AVE =

105S.
118,
125,
13s.
145.
15S.
165.
175.
18S.
195,

AVE =

Q.

' 0.000

8.004
0.013
8.010
0.002
0.000
0.001
8.004
2.011
2.015

2.006

14,

9.310
0.604
2.725
B.706
8.524
2.2¢0
0. 409
2.613
2.713
0.840

2.564

Ty = 174010 To = 1/2645
Pp = 10-5

S/N RATIO (DB)
2. 4. 6. 8.

2.001 g.002 0.007 0.024
8.012 2.037 P.092 0.187
8.839 0.095 0.192 0.323
2.032 0.082 2.172 0.298
0.004 f.029 @.855 f.126
2.000 8.001 0.003 2.009
9,002 0.008 0.025 0.0667
2.013 0.040 0.098 2.196
9.0632 0.082 20.172 0.299
P.944 0.109 g.222 #.380

p.018 9.048 f.104 0,191

16. 18. 20. 22,

9.495 d.674 @.813 2.904
0.721 0.812 0.878 0.925
0.813 0.87¢ 0.919 0.948
0.799 2.867 2.913 0.944
8.656 2.764 0.845 0.904
2.369 8.561 @.732 0.854
@.553 A. 680 0.780 2.853
0.728 6.815 A.878 2.920
é.812 0.885 8.935 8.966
9.917 8.96! 0.982 2.992

B.687 8.7990 2.868 8.921

18.

P.068
0.318
2.478
P.444
0.238
0.030
0.147
0.328
0.446
0.557

0.305

24,

0.954
0.956
2.967
0.964
D.944
v.927
0.904
2.949
8.983
8.997

A.955
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TABLE IX (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

FOR RECEIVER CASE 2

VELOCITY

105,
115,
125,
135.
145,
155,
165,
175.
185.
195.

AVE =

19S.
115.
125.
135,
14S.
155,
165.
175.
18S.
19S.

AVE =

Q.

3.000
8.005
2.017
2.014
2.002
0.000
2.001
2.0985
9.814
2.819

9.008

14,

2.359
0.642
2.754
B.737
0.566
8.239
B.452
B8.65)
0.746
2.867

0.601

T

2.

6.001
0.016
0.049
9.0841
9.008
0.0600
2.003
9.3117
2.0841
0.0%6

2.023

16.

B.549
0.752
8.835
8.822
P.692
0.422
0,594
#.758
0.837
2.933

2.719

= 1/4010 Ty

P =

10-3

S/N RATIO (DB)

4.

0,083
0.047
0.11%
2.101
B.02¢6
0.0601
6.a10
2.051
2.101
2.133

8.059

18.

B.720
9.835
8.891
2.883
0.791
2.614
8.713
0.837
2.902
0.969

2.816

10

6.

0.009
2.113
8.229
8.203
2.069
0.003
2.2832
0.1i19
2.284
6.261

B8.124

20.

8.845
3,894
0.936
2.924
8.665
8.773
6.805
2.893
0.946
2.986

0.88¢4

=

1/2645

g.

2.039
0.220
0.365
2.339
d.182
0.012
0.28E3
0.2306
0.340
08.429

6.220

22,

8.922
8.935
8.955
2.951

®.918
9.8892
2.871

8.931

2.973
6.994

6.933

10.

0.085
3.359
0.513
0.4287
0.275
?.039
B8.1179
6.370
0.489
90007

0.340

2a.

0.964
9.963
2.971
9,969
2.953
0.942
f.916
9,955
2.987
0.998

d.962

SRR e TR

12.

2.194
8.507
B.5646
0.624
.421
2.109
0.305
P.517
0.628
0.759

B.A71

PRSI PE
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TABLE IX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

FOR RECEIVER CASE 3

VELOCITY

1@S.
115,
12S.
135,
145,
153,
165.
175.
185,
195,

AVE =

14S,
1i5.
125.
135,
145,
15S.
165,
175.
185,
195,

AVE =

2.

0.000
9.0809
0.033
e.027
2.004
2.000
0.001
0.010
9.027
8.038

8.0815

14,

8.591
2.873
2.940
2.931
8.814
B.426
2.704
8.879
8.935
8.981

9.887

T, = 174010 Tp = 1/2645
pF = ]0-5

S/N RATIO (DB)
2. 4. 6. 8.

9.0801 2.074 .017 P.059
#.832 0.094 g.219 9.400
0.098 0.22¢ 0.408 P.6023
8.082 @.138 0.373 2.5719
0.015 A.05!" @.138 0.289
¢.0080 9.001 0.006 0.022
2.005 0.028 0.064 B.165
0,034 0.101 8.231 0.415
2.083 0.199 0.374 2.571
0.:10 8.253 8.459 8.675

0.846 0.115 2.229 80.377

16. 18. 20. 22.

0.794 0.218 0.974 3.993
0.939 8.972 2.4989 B.996
8.973 #.988 0.995 0.998
B.969 2.98¢6 0.924 0.998
8.985 0.956 0.93%1 0.993
0.665 0.847 0.945 2.984
2.837 2.918 8.96% 9.983
8.942 2.973 2,988 9.995
8.973 0.9%0 8.9917 0.999
0.995 3.999 1.000 1.000

8.899 8.955 9.983 0.994

18.

0.166
0.596
B.766
2.741
0.482
2.017
8.328
0.689
8.742
6.843

8.535

24,

0.998
8.999
0.959
0.999
0.998
B.996
9.993
0.998
1.000
1.000

8.998

12,

8.356
P.761
a.876
0.862
9.670
8.209
@.524
.77}
B.863
8.939%

B.683

LS

SR e e

Ca R N L



TABLE IX (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E Ty = 1/4010 Tp = 1/2045
PF = 1073

FOR RECEIVER CASE 4

S/N RATIO (DB)

VELOCITY a. 2. a4, 6. 8. 10. 12,
105, 0.000 0.001 0.005 0.021 0.07i A, 191 0.394
115. 9.9811 0.938 0.110 2.247 9.435 0.630 0.786
125, 0.040 P.114 0.254 0.443 0.637 6.791 0.892
135, 8.032 0.096 0.224 0.408 B.604 6.767 2.378
145, 0.005 0.018 B.061 9.158 9,321 2.518 0.790
15S5. 9.000 0.9001 9.002 0.007 9.027 n,091 0.239
165. 2.002 0.006 0.024 0.076 0.188 0.361 @.559
17S. 0.012 f.041 0.118 0.259 0,450 @.643 6,795
185. 8.832 0.697 0.22% 0,408 8.6085 B.789 0.889

g AVE = 0.0.8 0.854 9.131 2.253 6., 4085 B.563 Qd.787
14. 160 18. 2@. 22. 24'
18S. 2.631 9.822 9.933 0.980 8.995 0.999
115. 0.889 B.947 0.977 2.991 0.996 0.999
12S. 0.948 0.977 0.990 0.996 0.998 0.999
135. 2.941 9.973 9.988 0.995 2.998 0.999
14sS. 0.835 0.918 0.963 0.985 0.994 0.998
15S. 0.467 6.783 2.871 8.956 0.988 0.997
16S. 0.733 9.856 0.929 B.968 2.986 B.994
175. 0.894 0.950 ©L.978 0.990 0.996 0.998
185. B.945 0.977 0.992 8.998 8.999 1.000
19S. 0.985 2.996 9.999 1.000 1.000 1.000

AVE = 0.827 0.912 B.962 2.986 3.995 6.998




TABLE X

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F Ty

FOR RECEIVER CASE |

VELOCITY

105
i15.
125.
135.
145.
155.
165.
175.
L 185
3 : 195.

AVE =

185.
115.
125.
135.
145,
155.
165.
175.
135.
195

AVE =

Qe

0.000
f.004
g.014
D011
9.002
2.600
2.801
9.004
0.011
G.016

0.086

t4.

9.338
2.728
2.852
P.834
B.636
f.225
8.495
?.738
0.839
#.930

B.664

2.

P.00!
0.013
D042
G035
Q0.007
0000
2.002
P.015
B.835
B.048

0.020

16.

B.579
3.849
#.925
Pe915

8.784

P.426
8.670
0.855
B.922
Be977

@790

174010 Ty
PF = 1075
S/N RATIO (DB)
. 6o
?.002 0.008
0.241 0.103
2.187 9.223
2.092 B.199
2.022 B.361
0.001 B.803
0.008 0.027
B.044 P.110
B.092 0+.199
Ge122 D257
B.053 Pe119
18. 20.
6.778 0907
0.924 D965
B.965 3.984
2.960 0.982
0.886 ?.946
B.652 @.833
?.809 3.900
0.927 D966
8.967 #.988
2.5%9a 3.999
P.886 3.947

1/2645

8e

B.025
3.218
2.388
8.356
B.144
8.010
G074
9.228
3,357
D.448

0.225

22

0.969
2.985
2+993
2.992
0977
0.937
#.952
2.985
9.996
1.000

2.979

10.

B.074
9.381
P.571
B+539
0.280
P.033
Ge168
2.394
@540
0657

Be364

24.

B.992
0.99%
0.997
2.997
2.991
0.981
2.978
9.+993
@999
1.800

#.992

12.

2.181
f564
0.7323
B.707
B+456
0.095
B.315
@577
0.710
B.827

@517



[ e

VELCITY

Isg,

: is,
; 18.
13,
f ‘ 15%:
: 165
175.

: 185.
H 1950

AVE =

195.
115,
125,
135,
< { 145,
' { 155-

| 185

; 175.

| 145,
¢ 195

AVE =

DETECTION PROBABILITY FOR COHERENT MTI MODE

TABLE X (Continued)

Beam Numbers A, B, £ and F

FOR RECEIVER CASE 2

G

2.000
2.805
0.018
2.015
0.002
3.000
3.001
2.006
8.015
0.321

2.088

l14.

Bedals
1.769
.878
3.863
2684
G271
0.547
P+778
2.868
2.949

Be782

Ty = 1/4010
Peg = 10-5
S/N RATIO (DB)
2 G 6.
0.00) 0003 (.010
BeB17 0.052 ©@.127
@054 B.13]  B.263
3.045 G.114 0.236
@.008 ©0.028 0.077
3.000 0.001 B.00a
2-603 0.011 0.0835
B89 B.655 0.135
P+845 Bel14  8.237
B.06f B.150 @.303
@.025 3.066 @B.143
16 18. 20«
P+639 0.823 B.93%
8.876 8.939 #.973
.92 ©.°72 $.988
2.932  3.968 2.986
0.819 0.968 9.957
2.487  0.709 B.871
0716 ©-841 3.919
0.881 0.942 ©.973
2.938  8.975 3.991
0+984 9.996 0.999
3.821 0.987 B.959

T

> = 1/2645

8.

©.033
G.257
P.439
B.406
Bg.174
0.013
#.093
@.269
@.407
G506

B.262

22.

D979
@989
8995
0994
B.982
0.95%
B.962
2.988
P.997
1.000

B.984

10.

D054
9.+431
Pe621
B.550
0:325
P.042
B.202
0.445%
B«592
P71}

D.a0%

24.

8994
P.296
2.998
2997
0994
2.987
0.983
0995
2.999
1.800

0.994

12,

0219
0+615
0773
D750
P.508
2.120
#2363
6.627
0753
D854

3.559
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: | TABLE X (Continued)

3 DETECTION PROBABILITY FOR COHERENT MTI MODE
' Beam Numbers A, B, E and F T; = 1/4010 T, = 1/2645
PF = 1073

FOR RECEIVER CASE 3

S/N RATIO (DB)

VELOCITY Qe 2 4 X 8e 10« 12
105. 2.000 D001 G005 0.018 NeB64 P.181 0397
115 2.009 B.034 @.103 B.245 D460 0688 @.859
12S. P.035 P.107 @.253 ?.469 B.5696 D864 B.952
135. 0.028 0.089 D.221 @.427 2.658 0+840 0941
145. 8.004 B.016 @055 B.151 @327 B«557 G768
155. 0.009 Q.200 @.002 D606 Q.024 A.082 A.228
165, B.001 6.005 .021 B 069 P.182 #8373 D605
175 G010 G037 Gelion 259 G477 B.703 Q.868
18s5. G029 ?.089 P.221 Q.428 0,659 0.34}1 0943
195. &-0408 G.120 D.283 3.522 G763 B.919 2.982

AVE = B.B16 B.850 P.127 B.260 Pe431 BQ+«605 0754

4. 16 18. 20 . 22, 24,
18S. G664 0873 B-969 B.995 1.900 1.000
115. 0950 0986 3997 B +999 1.06060 1.000
125, G986 2997 0999 1.000 1.000 1.000
135. ¢ +983 G996 @ +999 1.000 1.900 1.000
145 G925 D969 B+992 B.998 1.000 1.000
155, D474 D742 G917 0984 B3.998 1.000
165. @.804 0.924 Q576 0994 B+.999 1.000
175, B.954 @987 0997 .9599 1.000 1.000
185, 20984 0996 B«999 1.820 1000 1.000
195 0997 1006 i 3060 1.0Q@0 1.000 1000

AVE = B.87¢2 €947 G985 0597 1.000 1.000




TABLE X (Continued)

Beam Numbers A, B, E and F T] = 174010 TZ = 12645

PF = ]0'5

FOR RECEIVER CASE 4

S/N RATIO (DB

VELOCITY Be 2. 4. 6. 8. 10. 12.
105, B.000 B.002 0.006 2.022 @.076 @.209 .441
115. B.011 B.041 G.120 0.277 ¢.500 B.724 0.881
125. 0.043 B.125 0.285 P.510 B.732 ‘G886 P.961
! 135. B.234 D105 3.250 D.468 0+696 G864 @953
: 145, 0.085S 2.019 B.365 G175 B.364 0597 0799
i 15S. 0.000 .00} B.002 B.007 G.029 0.098 @ .262
! 165. 0.002 @007 9.0826 Q0.082 0.208 Pe.412 2.645
; 175. B.012 B.044 P.129 B.292 @.518 P.738 2.889
. 185. 0.034 G105 D.251 0468 0.697 B.866 B.954
v 195, G048 B.140 9.319 D566 BP.798 @936 0.987
B
4 AVE = B.0129 f.059 @145 2.287 Ben62 @633 Be777
14. 16 18, 26 . 22 24.
185 2.798 2.898 @977 0997 1.800 1.000
11S. @960 G.989 0.997 1.000 1.000 1.800
125 'B.989 2.998 2.999 1.000 1.000 1.000
135, ?.987 0997 0.999 1.9006 1.000 1.000
145. 0.922 3976 9994 6999 1.000 1.000
155, f.521 2.781 9.936 2.988 ?.999 1.200
165 0.832 @.938 9.982 2.995 ?.999 1.000
175. D963 @990 0998 1.000 1.000 1.900
185. B.988 6.997 1 .000 1.000 1.000 1.000
195, 0.998 1.000 1.000 1.000 1.000 1 .000

AVE = 0.887 B.956 2.988 #.998 1200 1.000




Seam Numbers

I8
iy

| & g

-;7

FOR RECEIVER CASF

VELOCITY

AVE

AVE

10S.
115,
125.
135
145,
155
16Se.
175,
185.
195

185.
115.
125.
135
145.
155.
165.
175.
185,
195.

A

2.000
D.0064
B.014
G.012
9.002
0.000
A3.001
0.004
f0.012
G.016

0207

14.

9.372
2778
@ +.900
P.884
9.680
8.231
0.526
2.788
2.888
9.958

P.701

YA

Be

0.001
0.014
0.043
2.236
@.007
0.000
3.003
8015
3.936
0.049

0.020

16

B.687
9.897
?.961
#.953
2.835
0.442
B.717
2.903
0.958
2.991

@.826

TAULE )T

Coy By Dand d

Teo= 12640
Fpo= 1077
S/N RATIO (DB)
4. 6.
2.602 0.008
0.84a1 ©6.106
0.118  9.232
0.094 0.206
0.822 0.062
0.081  2.003
8.009 @.028
0.045 B.113
0.894 0.206
@+125  0.266
8.854 B.123
18. 20 .

2.815 0.938
0.960 0.987
0.987 0.3996
2.984  8.995
6.936 8.975
@.682 0.868
2.859 0.94l
0.962 0.988
6.987 0.997
0.998 1.000
@.917 8.969

PV e e e

SUON PROBAETLITY FOR COHDRENT 7' MODE

8.

2.026
?.226
2409
0.374
#.148
0.010
P.076
9.237
0.375
P47}

2.235

22.

0.985
B.997
0999
B.999
0.993
0.962
0.979
Be996
0999
1.000

9991

10.

2.076
9-.401
0.609
@.574
0.293
P.034
O.174
P.415
6576
9.694

@.385

24.

G997
0999
1.000
1.000
0998
@.992
@.994
0999
1.000
1.000

P 99X

12

P.186
9 .602
@.783
Q.756
?.484
9.097
?.330
@616
0.759
B«867

B.548



TABLE XI (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE
‘Beam Numbers A, B, C, D, E, F, G and H

Ty = 1/4010 T, = 1/2685
P = 1075

FOR RECEIVER CASE 2

S/¥ RATIO (DB)

VELOCITY Q. 2. A e 8. 18 12,
10S. 0+080 9.001 0.0803 2.010 2.033 2.096 9.226
11S5. 0.005 d.218 ?.053 2.131 B.258 0.456 B.656
12S. 0.018 P.055 P+.135 0.274 B.464 P.663 #.823
135 B.815 0.046 B117 B.245 0.428 2.629 0.799
145 9.002 0.009 2.228 6.078 2.183 2.341 P.540
155. P.000 2.000 B.00!1 8.004 B.013 P.243 B.122
165, ?.901 9.083 d.011 0.036 3.895 ?.209 2.381
175. 9.886 0.919 A.057 8.139 f.280 B.470 B.669
185, 2.915 P.046 @117 B.246 0.429 P.631 .802
195, 0.021 B.062 B.154 9.314 2,532 B.750 2.901
AVE = d.00¢E 2.826 0.067 f.148 0.272 B.429 B.592
14 16, 18. 20. 22. 24.
105 #.432 P.670 3,859 3.958 2.991 P.999
115« @.819 8.921 B.971 3991 0.998 1.000
125 0.923 0.971 P.921 6.997 8,999 1 .000
135. 0.909 8.966 0.989 2.997 0.999 1.000
145, 3.730 #.869 2.947 B.983 0.995 D999
; 155: B.278 B.586 Be742 @904 D975 3+995
: 165, 3.583 G764 0.389 3.95% B.985 3996
E 175, 0.828 0.925 B.972 3.991 2.998 3.999
b 185. @914 8.970 2.992 8.998 1.000 1.002
: 195, 2.972 0.994 #.999 1.000 1.020 1.000
3

AVE = @729 3.856 #.935 0977 0.994 9.999

////7r'wwmrw P




TABLE X1 (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, C, D, E, F, G and H
Ty = 1/4010 To = 1/2645
PF = ]0-5

FOR RECEIVER CASE 3

S/N RATIO (DB)

VELOCITY 0. 2. a. 6. 8. 10. 12.
105. 0.000 A.001 0.005 ©.018 0.865 0.188 0.407
115, 3.009 ©0.838 0.104 ©8.251 B8.476 8.718 @892
125. 2.836 0.108 0.255 0.486 0.727 8.896 8.973
135, 0.029 B.091 0.225 B8.442 0.687 8.874 0964
145. 0-804 @.016 0.056 0.154 0.336 0.579 0.802
| 155 2.000 0.2801 0.002 0.806 0.824 0.083 0.232 :
3 163. 0.881 0.0806 0.021 0.070 ©.186 8.385 08.631 ]
; 175, 0.610 P.837 B8.112 03.265 0.494 8.734 0.900 |
! 185. 3829 8.891 0226 B.442 ©0.688 0.875 0.965 )
; 195. 0.041 B.122 0.293 0.540 6.792 8.944 8992 ¢
AVE = G.016 08.051 0.1380 0.268 0.447 0.627 8.776 :
g
:
14. 16. 18. 20. 22, 24. ;
105. 3.687 9.899 2.983 0.999 1.000 1.900 i
: 115. 0.971 8.994 @.999 1.7208 1.088 1.209
} 125. 2.995 0.999 1.088 1.008 1.000 1.000
; 135. 8.993 0.599 1.888 1.008 1.000 1.000
| 145, @.934 8.985 0.998 1.208 1.200 1.000
: 155. 0.486 0765 ©.948 0.992 0.999 1.000
: 165, @.838 ©.950 ©0.989 0.998 1.000 1.000
175. 0.974 0.995 2.999 1.000 1.000 1.060
185. 0.994 3.999 1.808 1.000 1.006 1.000
195, 8.999 1.002 1.290 1.000 1.000 1.000

AVE = 2.887 2,959 3.991 2.999 1.000 1 .000




TABLE XI {Cunvi.uec;
DETECTION PROBABLLITY Fux_CONLRENT NTI MOD:
Beam Mumbcrs o, B, &, D, 2, F, G and H

T. = 174010 T:_.. 112645

o
i
)

1y

FOR RECEIVER CASE 4

S/N RATIO (DB)

VELOCITY B. 2e Be . 8. 18. 12
105. 0.001 Q.802 @.006 @023 B«877 B.213 B.452
_ 115, f.011 B8.341 Be.122 0.284 B.519 Be756 0.913
! : 125 0043 Be.127 0.292 0.529 B.764 D917 B979
; 13Se. 0.035% B.106 B.256 B+.484 0726 0897 B.973
; ‘ 14S5e. 3.305 8.020 B.066 8.178 @375 B.622 6-833
155. 0.000 2.001 8.002 9.008 0 .029 0099 B.266
165. d.002 0007 B8.826 0.082 0.213 B.425 82673
178. B.013 B.845% B.131 0 .299 0537 B771 2.920
18S. @.035 0.107 2257 9.485 84727 9.898 G974
195, P.849 D142 0.327 9.586 0.828 B3.958 D995
AVE = B8.0819 8.060 G.148 B.296 f.480 B.656 0.798
14. 16. 18 20. 28. 24.
185. P«731 B.922 23.989 @999 1.900 1.000
115, 0+278 0996 3.999 1.0008 1.0008 1 .0080
128. 9.996 0999 1.000 1.000 1.000 1.000
135. 6+.995 2999 1.000 1.080 1.000 1.000
145. 2.949 B0.989 28.998 1.000 1.000 1.000
155. 0.834 0.80% 3.9%6 0998 1.000 1.080
16S. B.866 0.962 B8.992 2999 1.0080 1.000
175 2.980 0.997 1000 1.008 1.000 1.000
185, 2+998% 2999 1.000 1.000 1.000 1.000
195. 1.000 1.000 1.000 1.000 1.900 1.000
AVE = 20.9082 2967 2.993 2.999 1.000 10080

50
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TABLE XII

DETECTION PROBABILITY FOR COHERENT MTI MOODE

feam Numbers A and 8

T, = 1/3268 Tp = 1/4250

FOR RECEIVER CASE 1

S/N RATIO (DB)

VELOCITY Q. 2. 4. 6. 8. 10. 12,
105, 0.000 0.001 2.004 #.013 0.037 0.090 0.180
115, 2.000 0.000 2.001 ?.003 0.011 2.833 0.081
125. 0.000 2.000 0.000 P.001 2.004 D.014 P.243
135. 0.001 2.003 ?.009 P.028 2.074 @.159 p.282
145, 8.006 8.019 ¥.053 B.122 0.232 2.371 B.517
155, 0.913 9.039 B.096 B.194 B.326 0.473 P.611
165, P.012 2.036 0.089 #.183 6.312 2.459 0.599
175. 0.0804 P.013 @.039 0.997 9.194 a.327 4.473
185, 0.000 ©.001 D.004 0.015 0.843 0.104 0.206
195, 9.000 0.000 2.000 2.001 2.002 2.00¢ 0.021

AYE = 3.004 P.011 2.030 2.066 B.124 9.203 2.301

14, 16 18. 20. 22, 2a.
i05. . 302 2. 441 6.577 0.696 2.789 0.859
115. 3.166 ?3.28% B.423 0.56! 3,685 8.786
125S. 0.115 P.247 Be. 429 2.620 3.1777 2.883
135, B.428 3.573 d.702 0.805% ?.881 2.933
145, Q.649 B.756 B.836 P.892 2.930 9.955
155, 2.726 #.814 8.877 P.920 0.948 0.967
165, P.717 9.807 0.872 B.917 0.946 B.966
175 B.611 @.727 B.815 2.877 9.920 0.949
185, 0.342 B.491 . 632 9.752 2.845 0.911
195, 0.964 @.157 @.310 2.501 0.684 0.823

AVE = P.412 B.530 D.647 0.754 0.841 0.903

ST




TABLE XI! (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B
Ty = 1/3268 Tp = 1/4950

pF = 10-5

FO2 RECEIVER CASE 2

S/N RATIO (DB)

: VELNCITY Q. 2. a. o 8. 10. 12,
f 185, 0.000 0.001 0.005 2.917 B.847 v.110 v.211
. 115. 0.000 0.009 V.001 0.004 2.014 V.042 V.100
i 125. 0.000 9.4009 0.000 G.001 V.005 2.018 0.056
135. 0.801 B.093 .012 B.036 0.4992 0.1389 0.322
145, - 0.007 B.024 B.066 0.147 N.268 D.413 0.559
155. bd.017 2.050 f.118 B.227 0.368 8.5!5 9.649
16S. 2.015 0.045 0.109 0.215 ©.353 9.501 B.637
175. 0.005 g9.217 0.050 8.118 0.228 0.368 0.516
: 185. 0.000 0.002 0.066 2.819 0.055 2.127 B.241
195. 0.000 2.000 0.060 0.001 v.002 0.008 0.028
AVE = 3.4385 B.at14 0.037 .09 D.143 0.229 2.332

1a. 16 18. 20. 22, 2a,
: 105. 2.34} B.482 0.61S ©.727 B8.813 0.376
- 115, 9.195 0.323 0.464 ?.600 B.717 0.811
K 125, 0.143 ©.293 ©.484 9.671 0.8:4 0.935
2 135. 3.471 8.614 ©.735 ©0.830 0.899 0.945
, 145, 0.685 0.784 0.856 0.9856 (.939 2.961
7 155, 8.756 ©0.836 0.892 0.930 3.955 ©.971
: 165. @.747 ©8.830 2.888 ©8.927 8.953 0.970
- 175, B.649 - 0.757 ¥.836 9.892 8.930 8.955
185. 8.384 ¥.534 0.670 ©.783 0.868 8.925
195, 2.081 9.191 D.360 8.5564 9.730 D.854
AVE = @.445 @.564 0G.580 B.782 ¥.862 0.9:7
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TABLE XII (Contirued)

; DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbe's A and B

Ty = 1/3268 To = 174950

FOR RECEI'ER CASE 4

S/N RATIO (DB)
VELOCITY 9. 2. a. be 8. 18. 12.
105S. 0.001 2.003 @.9011 2.039 8.110 08.238 9.4all
115, 0.000 ©0.001 9.002 0.009 ©.034 0.097 0.217
, 125, 2.000 ©0.0080 0.001 2.003 9.01) .04l 0.130
! 135. 0.002 ©.007 0.028 0.086 ©0.206 ©.385 0.583
1 145. 2.017 ©.858 ©.152 ©.312 2.508 0.693 0.830
155, 0.841 3.116 0.256 ©.447 0.640 .793 0.893
165, 8.836 0.106 8.2480 B.428 08.623 0.781 0.886
175. 0.011 p.841 2.116 ©0.257 ©@.448 0.640 0.794
185. 2.001 0.903 0.013 0.046 ©0.127 0.274 0.468
195, 0.000 0.000 2.800 ©.001 2.005 ©0.018 ©.065
AVE = #.01) ©0.034 0.082 0.163 8.271 B.376 ©0.528
Lie 156. 18. 20. 22. 24.
105. 9.594 9.758 B.861 2.929 0.967 ©.985
115, %387 ©9.5T1 2.732 B.850 0.926 0.968
125, S.3t1 9.558 B8.781 0.916 8.975 2.994
135. 2,753 9.871 9.941 8.977 @.992 ©.998
145. 0.914 0.960 0.982 0.992 8.997 0.999
155. 0.949 3.977 0.990 ©0.996 0.998 0.999
165, 0.945 0.975 0.989 0.996 0.998 0.999
175, 0.893 0.949 0.977 ©0.990 0.996 0.998
185. 0.668 ©.818 0.908 8.9241 2.966 ©.996
195, 2.185 ©.397 0.647 0.842 0.945 ©8.985

AVE = 0.659 8.782 8.881 0.945 0.978 v.992

o — AT (7 2 VAP ] A A
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DETECTION PROBABILITY FOR COHERENT MT1 MODE

TABLE XII (Continued)

Beam Numbers A and B

T

FOR RECEIVER CASE

VELNCITY

185.
115,
125.
135.
145,
159,
165.
175.
185.
195.

AVE =

19S.
115,
125,
135.
145,
155,
165,
175,
185.
19S.

AVE =

Q.

0.001
0.000
0.000
2.001
9.014
0.834
0.030
8.009
2.001
?.000

0.009

14,

B.562
8.355
0.274
8.725
0.901
2.941
3.936
2.878
0.627
B.159

0.636

1/3268

2.

0.0082
3.021
3.000
0.006
0.048
0.109
2.091
0.934
0.003
0.000

0.028

16.

0.724
0.538
0.514
0.853
2.953
0.9273
2.971
2.941
0.786
8.356

0.761

PF=

T
10-5

S/N RATIO (DB)

4.

0.009
0.0802
0.001
6.023
f.132
0.228
#.213
0.100
P.011
2.000

0.072

18.

0.843
0.705
@.746
2.931
92.979
0.988
0.987
2.973
0.893
08.605

2.865

54

6o

0.833
0.008
8.202
0.073
2.281
P.411
0.393
0.229
0.038
p.001

0.147

20.

8.919
0.832
0.898
P.972
2.991
8.995
8.995
0.988
A.954
8.813

£.936

1/4950

0.095
0.028
0.009
0.181
B8.473
0.606
P.589
0.412
B.110
d.004

0.251

22.

0.961
0.914
v.968
2.990
P.996
0.998
2.998
2.995
0.983
0.932

0.974

10.

#.212
2.083
0.034
@.351
2.661
0.768
8.755
0.607
P.245
8.015

0.373

24.

9.982
0.961
¢.992
0.997
0.998
2.999
2.999
0.998
0.995
0.960

8,990

12,

0.379
0.193
P.110
0.548
0.808
0.878
2.879
B.769
0.432
f.054

0.584




TABLE XIII
DETECTIOM PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

Ty = 1/4950 To = 1/3268 | ;
I ' P = 1073 ’

FOR RECE!VER CASE 1

b
.
:
3
-
£
E
'A
‘|
B -]
7%
3
#
d
k]

S/N RATIO (DB)
VELOCITY 2. 2. A, 6e 8. 10. 12

10S. 0.004 0.013 0.039 0.095 0.192 0.323 0.470

115, 2.001 0.003 0.011 9.934 9.085 B8.177 8.305

125. 0.000 0.000 0.001 0.005 0.016 ©0.046 0.111 ;

135. 0.000 ©0.000 0.001 2.003 ©0.0190 = 0.8380 0.079 E;

145. 0.000 0.082 0.006 0.0619 0.051 B8.115 0.217 4
; 155. 2.001 9.004 0.013 0.038 0.092 02.182 0.304 1
i 165 0.001 2.0063 0.012 0.0835 0.085 0.172 0.292 : ]
\ 175. 2.000 0.001 P.004 0G.013 ©0.038 ©B.092 0.182 g 3
| 185. 0.000 ©0.000 0.000 0.001 2.005 0.016 ©B.048 ¢ ;
g 195 0.000 ©0.000 @.00!1 0.084 ©.014 0.040 0.098 i g
} AVE = 0.001 0.003 ©0.009 09.825 0.059 B6.119 @.211 g :
3 ¥ 5
| .
; 14. 16. 18. 20. 22, 24. : !
! ' é :

105. B. 609 P.725 ©8.813 0.876 B.919 3.9 48 ! :
@ 115, 0.451 2. 591 e 711 2.802 0.869 0.915 :
: 125. 8.219 0.367 0.533 0.689 ©.814 0.899

135, 0173 B.318 B.496 ©B.672 @.811 2.902

145, 0347 0.487 ©0.619 0. 731 0.820 0.886

155. 0.444 0.580 0.698 8. 791 0.860 B.908

165, .430 ©.567 0.687 0.783 0.854 0.904

175 9.305 B.444 8.581 P.700 ©.795 8.867

185 0.118 ©B.242 0.413 0.598 0.758 0.870

19 5. #.198 ©.335 8.490  0.64l 0.769  0.865

AVE = Pe329 D465 B.604 0.728 B.827 0.896

55
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TABLE XIII (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

Ty = 1/4950 To = 1/3268
PF = 10°°

FOR RECEIVER CASE 2

S/N RATIO (DB)

VELOCITY 0. 2. 4e 6 & 18. 12
1085. P.005 P.017 B.049 Q.116 2.225 D365 0.513
115. N.001 P.004 Q.014 B.043 2.105 0.209 P.345
125. 0.0200 2.000 D.002 B.006 f.021 0.958 B.135
135. Q.000 2.900 B. 201 B.004 2.0213 0.938 2.098
145. 0.001 B.802 D031 D.024 Q.064 9.139 .25t
155e. Q001 B.005 P+217 B. 048 B.112 B.213 B+ 343
165. 0.001 P. 004 R.015 Q.044 0.104 8.202 3.330
17S. 0.000 P.001 0. 005 Q.07 Q. 048 B.112 B.213
18 5. B.000 2.000 B.001 N. 202 D.0206 B.0221 B 061
19 5. 0.000 3.000 D. 03 2. 305 2.018 B. 051 De 120

AVE = 2.2031 B.004 B.011 B.031 B-.071% D141 8. 241

1 4e 16, 18. 2@. P2 24.
10S. P. 646 @. 754 P.835 0.B91 2.930 P 955
11S. @.493 De. 630 Be 742 #.826 2.885 P.926
125. B.257 f. 413 B. 589 @. 730 RA.843 R.917
135. B.206 0. 365 0.548 . 717 f.843 B.921
145. 2.387 B 527 Pe 655 @. 761 A.842 B.901i
155. B.485 B. 617 B. 729 0.814 D376 G219
165. 0.471 B. 685 A. 719 B.807 B3 71 Pe.9216
175. P.344 @485 B. 613 A. 731 2.819 #.885
185. P. 145 D.284 Be 465 B. 649 Ne 7197 8.894
195 P.232 P#.378 D.535 Q. 681 P.801 B.887
AVE = Be367 Q. 506 Q. 643 2, 761 Pe351 B.912

Sh
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TABLE XIII (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

Ty = 174950 T, = 1/3268
P Pp = 10°5

FOR RECEI VER CASE 3

S/N RATIO (DB)

VELOCITY De 2e 44 6o 8e 10. 12.
10S5. 2. 0029 0.033 0.098 D. 225 0.408 Be 663 B. 7166
115, 0.002 %.008 B.028 B.086 A.205 9. 382 P.578
125. 2.0e0 2. 001 2.003 B.012 p.041 2.116 B.258
135. B+ 000 2.000 2.002 PeB07 G024 Q.06 2.190
145 .00t A.D04 B.014 B.048 G126 e 262 Be 439
155 B.002 0.009 8.034 P 096 Be215 B. 382 Be 565
; 165. B.002 2.008 2.230 d.088 D.201 B.365 P.548 !
: 17S. 2.201 0.002 0.010 B.034 B. 296 B.215 9.383 ;
! : 1685, 2.009 2.0e0 2. 201 2.003 2.012 D.042 D.128 |
E 195. 0. 200 2.901 0.202 P.210 0.0235 .12 B.233
AVE = A 032 A. AT 0. 322 de61 P.136 P.2595 B. 408 {
;
i F
I 4. 16 18. 20. 22. 24. :
105 P.876 0.940 0.913 2.988 B.995 0.998 t
115. @.747 B.8 65 B.334 B."70 0.987 D994
§25 B« 4t P. 663 0.829 P.930 Qe9 17 D994
135, 8.376 Q. 604 2.803 2.924 09177 D.994
145. De 619 B. 768 n.8173 3.938 0.973 P.989
3 155 B.726 B.845 0.920 Q.962 2.983 0.993
i 165 B.713 0.836 0.914 B.959 2.981 Be992
: : 175. B.566 Ge 727 B.846 0.922 B.964 A.986
B ‘850 B.275 Be.a97 G. 723 2.882 B.961 B.989
é 19 5. Be. Al19 B. 619 0. 7188 2.901 B.962 0«988
@
| AVE = 3.577 8.736 0.868 0.957 0.976 0.992




TABLE XIII (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A ard B

Ty = 1/4950 T, = 1/3268
Pr = 1073

FOR RECEIVER CASE 4 i

S/N RATIO (DB)

VELOCITY e 2. 4. Ge B 10 12
105. .011 P.048 B.114 0253 0.443 0.636 B.791 1
11S. 0.002 B.009 0.034 B.101 ?.231 8.417 02.613 !
125. P.000 0.201 2.004 0.014 0.049 2.135 ©.289 :
135 2.000 G.001 2.002 0.008 2. 029 2.0289 B.216
145, 2.001 2. 005 8017 0057 84145 0.291 B. 472
15S. G.003 0.012 0.040 D11} 8.240 0.415 0+597
. 165, 0003 0.010 0.0836 ©B.102 0226 B+397 0.589
L 175. 2.001 0.003 0.012 0.040 0.112 0.241 2. 415
& 18S. 2.000 0.000 02.001 @.004 0.014 02.050 0. 140
7 195. 2.000 0.001 0.003 0.012 0.042 0.119 9.261
AVE = 7.002 0.008 .026 ©0.078 ©0.153 0.279 @.437
14. 16, 18, 20. 22 24.
105. 8.892 B.948 0977 B+990 0.996 B+.998
115, B.774 @.881 0943 0.974 3.989 2.995
125 0e493 04697 0853 0.942 0.982 0.995
135. P.414 0.643 0.831 2.938 0.982 0.996
14S. P. 649 0.791 0.888 0946 0977 0.991
155 0752 B.862 0.938 0+.267 0.985 9.994
165. @.739 P854 0.925 B.965 0.984 2.993
175 ?. 598 ¥.753 ©B.864 (.932 ©0.970 0.988
185, 2.308 2. 538 @. 758 0.902 B.969 08.992
195. Ped55 0¢653 B.813 0:916 DPe969 2.991

AVE = - Be 687 P. 762 0.878 0.947 0.980 0.993

58




L TABLE XIv
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
Ty = 1/3268 Tp = 1/4950
PF = 10_5

FOR RECEIVER CASE 1

S/N RATI1O (DB)

VELOCITY B 2e 4 6. 8. 13. 12.
10S. D004 B.013 6.039 0.095 P.192 P.323 0.470
115, B.001 B3.003 P.011 f.034 B.085 B.177 0.3065
125. 0.000 G000 P.002 D.005 P.018 Q+054 @133
135. 0.001 0.083 0.089 0029 AeBTS fd.161 0.287
145, 0.206 B.019 0.053 g.122 P.232 G371 0517
155, 0.013 0.039 2.096 8.194 P326 B+473 B.611
165. G.012 B«336 G.889 0.183 8.312 P.459 0.599
175 B.004 B.013 G039 0097 G194 2327 P0.473
185. G000 0001 G004 9.015 2.644 P.106 B.211
195 B.000 3000 g-0P1 0.004 G014 D.042 P.105

AVE = 0.004 B.0123 0.834 0.078 P.149 @.24% 2.371

14, 16 18 20 . 22¢ 24.
105. 0.609 G725 P.813 Q876 B.919 2.948
115 P.451 0.591 D711 ?.803 f.870 D916
125. D267 444 B.627 G779 2.882 #.942
135. D440 P.596 P.734 0.8a1 D914 0.9%7
145. ?.649 B«787 2.836 B.893 2.931 D+957
155 G726 3.814 0.877 9.920 0.948 0967
165. B.717 0.807 Q.872 B.917 0.946 @966
17S. g.612 B.727 0815 2.878 9.921 0950
18Se. 0353 B.514 P.668 0795 ?.885 @.941
195. D216 0371 @547 0.710 0833 @912

AVE = 0.504 2635 20.750 2.841 B«905 9946

[N



VELOCEKTY

1G5
i15.
12S.
i 13%.
135.
; 155.
165
175
185,
1954

AVE =

1808,
11S.
125.
§35.
. 145,
B 155.
- 165.
’ 175«
135,
195«

AVE =

DETECTION PROBABILITY FOR COHERENT MTI MODE

TABLE XIV (Continued)

Beam iumbers A and E

T] = 1/3268

FOR RECEIVER CASE 2

Do

¢.00%
@601
0.006
G001
Q.007
2.817
@.815
3.005
Je@G00
d.000

B.8065

14.

de.646
2.493
0.312
0.485
B.68%
@756
D+747
D+«649
9.39¢
P.284

3.543

2.

6.017
0.004
00081
f.002
2.024
B850
B.045
0.017
2.002
8.500

BeB16

166

B.754

0.630

B+497

0.639

2.784
@826
2.830
0757
B.560
B.420

D671

-

Pr =

T2 =
1073

S$/N RATIQ (DB)

4

G849
Q.04
2.002
B012
0068
@.118
P.109
d.650
Q.006
¢.001

0.043

18

2.835
D742
B.676
BeT770
B.856
@.892
0.888
0.837
2.788
9597

2.730

60

Ge

G.116
0.043
0.007
B.337
Peta?
0.227
B.215
Gel118
0.019
0305

2.0%94

20.

@.891
0826
2.814
@.866
0+926
B8+930
B.9527
2.893
8.826
0752

¢.863

1/4950

8e

@225
D105
B.624
0.893
0.268
#.368
D353
5.228
2.938
2.018

B.174

22.

0.530
0.886
Q.904
9.929
3+940
P.955%
9953
9.931
0.988
0.862

3.920

16.

8,365
2209
P.068
Bs+19¢
B.413
BeS515
A+561
Q+368
G129
G853

@.281

24.

#.958
P.927
#.954
0.966
B.963
B+971
D970
P.957
0.953
6930

8.955

1&.

B.513
#.345
@-162
0.328
®e559
3.649
@837
Be.516
@246
2.128

@.408




DETECTION PROBABILITY FOR COHERENT MTI MODE

TABLE XIV (Continued)

Beam Numbers A and E

Ty =

¥CR RECEIVER CASE 3

VELOCITY

14S.
118
125,
138«
145
155
165
175
185.
198,

AVE =

1A5.
115.
125
138,
145,
155
165,
175.
£38
19S.

AUE =

)

0.009
9.002
0.000
2.062
8814
8.634
B30
0.9089
9.001i

2.980

0.010

14.

D876
Q747
A.530
B.737
fe.901
8541
B+936
2.878
de.64al
@+449

G764

1/3268

Pg =

Tz =
1073

S/N RATIO (DB

Le

P.033
2.068
?.00!
d.006
2.048
0-100
B+091
2.034
@.323
2.081

2.032

16

2.940
B.865
B.746
B.869
@953
D973
D.971%
A.941
2.806
B«6€5

3.873

4

3.098
3.028
0.203
0.023
@.132
%.228
B.213
Peica
Q811
g.002

G.084

18

2973
$.934
2+891
D948
B+979
2.988
D.987
973
#.913
2.835

B.942

ol

L

P.225
B.086
G.813
B.273
P+281
B4l
P393
2.229
B.338
. BeD10

G176

20,

@988
3970
©+963
2982
B+991
@995
Be995
B.988
Le988
@938

8.977

174950

8

B.408
0205
2046
#.182
Be473
@606
0589

Pal

Be.ilt
B.B36

B.3€7

22.

@+995
B.987
P.999
2.994
8996
0998
@.998
04998
0.990
B.979

@992

£1Q.

0683
#.382
Q134
9.353
0+661
G788
2758
2e687
3248
B.106

ge462

24.

9 +998
3995
0998
0.999
0999
B.999
2999
3998
0.997
89894

0998

12.

8766
@.578
8.323
8.55%
0.868
2.878
@.870
0769
B.439
B.246

B+621
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TABLE XIV (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
T, = 1/3268 To = 1/4950

FOR RECEIVER CASE 2

S/N RATIO (DB)

VELOCITY B. e Je 6o Be . 18 12
128, G811 9.640 Bellg B.253 8443 #.636 G791
115 3.062 2.809 0.034 B.101 0231 G417 0613
125¢ G.000 G.00% B.0064 B.816 @855 J+1586 #.338
135. 9.002 6897 G.828 D086 0.207 2.388 8.590
145. B.017 8.058 B.152 B.312 2508 0693 8832
15S. Q.041 Ae116 Q.258 f.447 2.640 Q793 ?-893
165. B.056 B.106 @.240 0.428 8.623 B.78% 6.886
175 BeB11 B.341 Be116 8257 @+.448 B+ 640 G754
18S%. 2:801 2.903 0.013 0.046 f.128 D277 B.476
195, e.800 8.001 2.0083 2.012 G«843 Bel24 G276

AVE = @+338 D96 04196 0.333 9.490 B.649

16. 18 20. 22 24.

0¢948  B.977 B+990 0.996 0.998
9.881 B.943 0.974 0.989 0.996
B.778 04909 08.971 04992 0.998
0887 0+955 B.985 9.996 6.999
B+960 9.9828 0.993 0.997 B.999
@977 0990 0996 0.998 0.999
D975  B8+989 B:.996 3.998 9.999
0949  Be9T7T 24998 0996 0.998
@.2831 0+9287  £.974 0992 2.998
Ge700 D859 0947 0.984 3.996

B.889 B.951 0,981 04994 9.998




TABLE XV
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F
Ty = 1/3268 T» = 1/4950
. - -5 ’
F'F = 10

FOR RECEIVER CASE 1|

S/N RATIO (DB)

VELOCITY Be 2. 4. 6e 8e 18. 12,
10S5. 2.004 0.014 G.042 Bo187 B.223 0.387 @570
115. @001 B.803  G3.012 2.037 2.8696 B.208% B.364
125. 9.060 2.091 2.002 P .086 3.020 2.059 0149
138, 0.801 2.003 B.010 B.031 2.983 @.185 2.+341
145 0.006 9.820 6058 €2+139 G272 Be447 Pe628
155. D814 D043 G.108 B.226 @39} @574 B«736
168 0013 G.839 B.100 G.212 B+374 @557 Pe722
175, B.004 B.014 P.0A43 B.109 de226 G391 B574
185. ?.900 2.001 0.985 0016 B.848 2ell9 @+246
198, @.000 0.000 2.001 0.%05 3018 @.046 @.118

AVE = 0.004 8.214 @838 G.089 B.178 G297 B ea45s

14. - 18 20. 22, 24.
185. 2.733 d.85¢ "+ 928 G965 #.984 0+993
115, 2.547 Q714 € +539 B«%18  @.961 0.983
125 fe308 BesS2M G729 D879 3957 0.987
135. 0530 Be712 B.851 0936 D977 2+993
145. G777 #.880 B8.941 0973 f.988 9.998
155, 9.854 Be926 D965 2.98% 2.993 2.997
165, Be.8344 @.921 B+963 2983 0.993 G997
175 @736 2.854 G926 B«966 #.985% 0+994
185, @422 G616 @788 0901 2.962 0.988
195, B.249 #.438 B.646 3819 P.928 0975

AVE = 0630 Gs743 0857 0932 @.973 8+990

63




TABLE XV (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F

T, = 1/3268 Tp = 1/4950

FOR RECE!VER CASE 2

4

2
P S/N RATIO (DB)
g VELOCITY 3. 2, 4. 6 8. 1¢. 12.
S_l,:. .
5. 105. G«005 3018 8054 B.131 2.265 8438 00621
3 115, 0.001  0.804 D015 B.047 (.138 3.243 B.414
?; 128, B.000  0.061 0.002 @.008 @.025 B.875 0182
- 135 44031  B.004 VD13 0.840 @.18& 0.221 2.391
g; 145. 2.008 8+026 ©.073 0.168 ©3i7 B.49% 34675
: 155 0eC18  @+855 B4133 0266 G442 @628 B.776
: 165 PeB817  B.053 2.123 0251 0.424 Be688 A.763
175 0.005 B8.019 G655 D134 G267 G443  B.625
185 94001  0.002 0.006 8821 0.061 G.146 0.289
195. 04000 8.881 0.092 0.608 D020 B+859 B.145
AVE - G+006 D.018 2.048 Pel@a7 D284 9.338 D488
% 
A 14. 164 18 20. 22, 24.
&
8 105 €e773  Be879  B.948  8.972  B.988  0.995
B 115. 0.598  B.756 @887 Be934  B.970 0.987
B 125, 5360 0581 D779  0.988 B8.955 0.992
. 135. 0583  BeT757  0.88!1  0.952  @.984 0.995
b 145 @.813 04903  2.952  B.979 A.991  @.996
B 155. B.880 0+941 0.973 0.988 8.995 ©.998
b 185 0eB72 @936  B4571 G987 0.934 0M.998
- l 175. 0.776  #.880 0.941 0:973 8.988 9.995
- 185 0.475  0.668 0.825 B.984 8.973 9.992
T 195. 2e294 24495 0706 D856 ©.945 @.983

AVE = @:6423 3.780 2-883 0947 @.980 8993

()-3

S e 2 i




TABLE XV (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F

Ty = 1/3268 To = 1/4950

FOR RECEJVER CASE 3

S/N RATIQ (DB)

VELOCITY B. - 4o Ge 8, 18. 12
135. 0010 B3.035 .17 B.252 Pe469 Be696 B.864
115, B.002 (0.008 0039 3693 g.228 6.438 2.668
125. B.000 9.001 B.204 B.014 B .249 G146 2.337
135. B.002 3.006 2.825 0.879 @.208 @+:403 @639
145, 2815 B.052 B.145 G.317 P +345 B.759 09900
155. B«@36 3.108 B.256 @.473 Q+699 D.866 Q+953
165¢ g.832 B 099 9.238 O.450 ?.680 D.854 0947
175 2.010 8.836 8,169 @257 G474 Q.700 B.866
185. 8001 B.003 d.011 0.041 B8.121 0.278 9.504
135, 2.0008 3+.801 .03 G211} D038 8.115 U274

AVE » G311 #.0835 3093 3199 34351 3525 @+89%

14 16 18, 20 22. 24,

185, 2.952 B.986 @997 B+999 1800 1.000
115, 9-.846 G944 2.984 @996 0.999 1.000
125, B.598 0.828 @+952 9.992 @999 1030
13S. B.833 A9y 9.987 @.998 1.000 1.000
145, 23.9487 B+99] B.998 . 1,300 1.003 1000
155 B.987 0997 B.999 1000 1.000 1.600
165, ¢.985 D.596 D999 1 .000 1«30 1.800
175, D933 0.987 0997 D+999 1040 1000 |
18%. B«T34 B+698 8.971% €994 9 +999 1.000
19S. Bes511 B.752 B.913 ?.980 #9997 1.000

AVE = 8.837 Be932 8.980 B.996 34999 1.008

3 g }




TABLE XV (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE
Beam Numbers A, B, E and F

Ty = 1/3268 Tz = 1/4950
Pp = 1075

FOR RECEIVER CASE 4

S/N RATIO (DB)

VELOCITY 9. 2. 4. 6o 8. 10. 124
105 2.0812 0.043 B.124 9.285 B.510 ?.738 9.886
115. @.003 B.010 0.036 g.110 G259 D478 9.705
125, 2.000 d.901 #.0084 0.017 9.059 @170 2.378
135 9.002 9.0808 9330 B+093 2.230 0443 @679
145, 0.218 g.062 P.168 9353 0.586 D791 9.918
15S. 2.043 f.127 0.288 0514 @+735 d.888 B.962
165 8.639 B.116 9.269 G491 g.716 0.877 0.95%8
175 2.012 B.024 @127 9.289 B.515 #3736 8.888
185, 9.061 B.904 #ge2i4 8.849 B.140 B.312 @546
195, 8.000 2.0021 G.003 @.813 9.0846 #1358 0.309
AVE = B.013 g.041 0106 8.28} e.380 B+556 8.783
14 16 i8. 20. e2. 24.
105 #.961 9.989 9.998 @.999 1.000 1.800
. 115, G874 8.955 9987 8.997 9+:999 1.0080
- 185 0643 3.859 0.964 B.994 8.999 1.0860
k- 135, 0.860 0.956 g+990 8.998 1.000 1.0€0
145. B.974 0.993 04999 1.000 1.000 1.008
15Se B.990 0.998 1.000 1 .008 1.000 1.000
165 #.988 0.997 3999 1.000 1.000 1.008
175 0.962 8.990 0998 1.000 1 +800 1+000
185, 0.769 g.914 Be978 0996 1.0008 1.800
19S8. B.558 3.788 8.931 9.986 #.998 1.000

AVE = 04857 0.944 0.984 B.997 1.008 1.000

0b




TABLE XV1
DETECTION PROBABILITY FOR COHERENT MTI MODE
Beam Numbers A, B, C, D, E, F, G and H
Ty = 1/3268 T, = 1/4950
Pg = 107°

ey,

FOR RECEIVER CASE 1

S/N RATIO (DB)

VELOCITY 0. 2. a. 6o 8. :0e 12 i
| | i

105, @024 0.014 0.043 B.110 8.232 8.489 O 639 .
115, 0.801 6.004 0.0812  6.838 0.098 - 9.212 0.383 B
125. 0.080 0,201 0.002 $.006 ©0.020 0.868 9.153
135  0.€81 ' 0.003 0.010 £.032 0.085 8.191 9.358
145, 6.006 0.021 -0.060 P.143 04284 B.474 Q. 671
155, 8eB15  Be044 G111  0.232  0e4l2  B8.612 B.785
165.  0.013 . 6.048 0,103 0,220 0.394 8.594 @.772

S 173 8.004 - 0.015 0.044 @.112 8.235  8.413 - B.613
185,  0.801 3.001 0.805 0.017 @.849 9.123 8.255
195 .6.600 0.001 0.001 0.095 ©.016 8.047 6.12]

TAVE s 0.885  0.014  0.839 9,892 8.183  0.314° 0.472
14 16 18, 20,  ge.  2a

198, 0:783  0.908  6.961 0.987 0.996 0.999
115 - 0.583 0,763  0.888  6-956 0.985 0.996
125 0.319  B.545 0,766 £8.913 .. 8.977 0.996
13S. . G563 8. 158 o.41% Ve 266 B8.992 8.+998
143, 8.828  0.985 B.972  0.991 0.998  9.999
13-3- 0 2.991 0:962 0.987 B3.996 0.999 1. 008
168 04893  0.958  0.986 8.996 6.999 1.008
175, 0.786 0.902 0.962 B.987 0.996 8.999
185, . B.44%  0.6%5 0.8 6.938 0.982 6.9917
198, 0258  B.468 0,683 9.868 - 0.955 . 8.990

AVE = 8.636 ©0.783 0,893 6.939 ©.988 0.997

Y
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TABLE XVI (Continued)
DETECTION PROBABILITY FOR COMERENT MTI MODE

Beam Numbers A, B, C, D, E, F, G and H
T, = 1/3268 TZ = 1/4950

FOR RECEI VER CASE 2

S/ RATIO <DB)

VELOCITY 0. 2. -1 6e 8.
185. 0.805 e.a18 8.055 B.135 - 9.274
i!5. 2.001 @.905 B.016 8. 048 8. 121
12S. 3. 200 2.0 2. 002 ¢. 008 2.026
135S, 3,081 0. 004 9.0123 0.041 8.106
145, - f.008 2e027 2.0175 9,174 8.332
155, 8019 2.9036 @137 d.277 G467
165,  B.017 2.0851 e. 127 G.261 0.448
1715, G006 B.019 6.8%6 e.137 #.2718
18 S, 509@1 2. 9292 9, 006 onge a.862
195, 3.080 8.0014 2. 202 8.086 8. 820

AVE = #.80¢6 2.818 . 9.949 Detit 8.213.

14. g t6e _ 18. 20. a2,

189 2.823 8.923 B.978 €.991¢ 0.997
1380 - @. 8638 #.886 3.913 . 6.967 2.998
"~ 189, 8,374 8. 609 B.817 8939 2.98%
138, 0620 - 9.8504 S.922 9,977 -9.99%
4%, 8.863 #.943 2.980 2.9%4 8.998

- 155, . B.924 - 8.972 6.991 V998 8.999
165, 8917 G.969 8.998  0.997 €.99¢9
‘750_ #.826 #.924 B.972 9+.99) g.998 .
i8S, 8. 502 #. N8B 0.869 @.95¢ 2.989
!95._ - 83086 6. 521 8. 739 8.895 8.979
AVE = 6.679 G.818 8.917 2.978 8.992

[0,

10

. 463
8. 252

-8.076

@.229

 9.530

Qs 666
2. 648
@ 4388
8.152
2860

8.354

ean

8:.999
8.9%7
8,997
8.599
t.300
1.000
1-000
5.999
8.998
#.9%4

#.998

12

0. 663
#. 437
2.187
B4t
2.721

2.826

2.813

@ 667

g.30!
B.149

" B.5Y7




DETECTION PROBABILITY FOR COHERENT MTI MODE

TABLE XVI (Continued)

Beam Numbers A, B, C, 0, E, F, G and H
T, = 1/3268

FOR RECEIVER CASE 3

VELOCITY

1@ 5.
115
1295,
138,
145,
155G,
T 165,
£75.
185
198,

AVE = .

188,

115
125..
135
149,
155.
165,
175.
18S.
19S.

. AVE =

Be218

0.802

0000

0.002
.015

8837

0.933
g.010
8.001
2.004

3. 011

1 4.

8.9M3

0.880

 B.818
D867

8.983

8.995%

8994
B:.973
8. 7698
8. 528

8.858

84836
g.008 -
“B.001

2.007

" 0.85%2

2.110
0.180
2,037

2.0803

©. %01
8.83¢6

16

8.995
8.967
S«856
89486
0997

- 8999

3.999
2+99%
B.924
2.782

0:.9348

pF =

S/N RATI!

Q. -

2.100
8.851
8.104
¢é.023

el 48

@.262
0.244
@ 111
2.012
@.993

8.99%

" 18,

8.999
2.993

3,971

B.998
1.200
1.208
1.080
2.999
- 2.989%
.99

g8.988

o4

To = 1/4950
105
o (DB
6o Be
0.856  8.485
8.095 @.234
8.014 2.050
09.0%9 8.206
0.386 8.5617
8.498 0.739
Be 466 8. M0
- 8+263  B.491
0:042 B.123
8.011  8.839
8,204 0.6
290 ﬁé-
1.800  1.000
8.999 1.002
8.997 1.069
1.000  1.080
1.000 1.900
1.008 1.000
1.008 1.800
1.000 1.900
0.998 1.000
3.991 @.999
©.998 1.008

10.

2. 126

@. 452
B.148

. GeAY 6

8. 793
2.898

2.887

8. 731%

8.285

2117

0.545

24.

1.080
1. 000

'1.930

1.000
1. 0880
i.000

1.000

1+.000
1000
1. 800

t.0080

12+

8.896
. 697

B0 345
@ 666

8.930
@.973
B.969

- @+899

8. 523

- 828
818

i e I st | Pl ot ONYRTAS bt S prW LA oy A7 22




TABLE XVI '(COntinuéd)
| DETECTION PROBABILITY FOR COHERENT MTI MODE
Bean Numbers A, 8, C, D, E, F, G and H
Ty = 1/3268 Tp = 174950
P = 1075

FOR RECEIVER CASE 4

, - S/N RATIO (DB) ' -
VQ.OCI?Y 2. 2. . e & . 1. 1) 10, 18

165¢  0.812  8.843 €.126 0.292 .58  8.764 8.916
115. 6,083 2.010 0.037 8.1l B.R265 0.495 0.736
125«  0.088 0.881 8.804 6.617 @868  £.173 8,387
138 0.002 8:085 9,338 0,693 6.235 . £.458  0.787
14%.  8.819 6863 9.1 7L $.364 B.610 B8.825  B.94%
155¢ . 0,844 0.189 0.296 0.533  8.767 9.918  £.980
D168 @839 G117 BeR76 . 8,389 6:.748  $.988  9.977
A5 GaBIR 3,044 8,129 0298  0.534 0. 768 8919
. 18%. 0881 €¥.004 £:.814 0859 0.14) 8321 . 0.367
198, o $.860 S.08! -'t“& 0011 6047 8137 #0117
. AVE 8.813 ’o.u - Qe 18V "?285 - 8+394 " $T7  0.74% V
Ctae 16 18 Re. 2. g4,
105, S:279  0.996  0.995  1.088 1.680 1.888
3 118 o982 §.975  8.995  $.999 1080 1.009
b IR0 04883 B.886  6:979  0.998 1.068 1.008
2 135 0.892 6.975  £.997 1,858 1.808 1.008
e 14%. 8,988 8.998 1. 380 i.000 1.809 1.000
B 155, 8.996 1.868 1.080 1.000 1.488 1.889
165,  0.9%¢ 9.999 1.088 1.008 1.088 1.980
E 178, 0.960 3.995 1.888 1.680 1.900 1.080
e 185. 0.801  £.941  0.99¢ €.999 (.086 1.008
- 195, . #.574 8,818 €.954  0.994 1.200 1.008
| AVE = 0877  0.958  6.991 9.999 1.060 1.082
.
; 10
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TABLE XVII

DETECTION PROBABILITY FOR COHERENT MTI MODE
Bean Ntnibérﬁs Aand £ ' |
Center (No Beam Averaging)
T, = 14000 T, = 172645
| Pp = 1075 |

FOR RECEIVER CASE 1 -

S/N RATIO (D8)

CVELOCITY . 8. 2. & 6 8

185, 7. #2008 .81  Q.008 2. 318 8. 056
115 8.809  6.830 8.98) B8.176 8.3
$88. ¥ 831 8.084 B+ 188 8,336 €. 449
138 B8R 8,071 #1689 8.292 8. 442
145, - 6,804 &.)5 B.046 B.114  R.227
155 T 0. BB 89.881 ¢6.082 2.886 8. 823
185, . B. 002 G.008 8819 8.0%7 6,138
175. -~ 3.Me e.832 g:886 G184 8.32%
188, 2.026 8.80M 8168  9.29¢ XL}
195, &, 23S 9. 895 e.201 33:37‘} B+557
AVE = g.014 B.2a41 0.993 8.182 9. 298
t&s ‘69 8. . 2e. - 22+
163%. B.492 8. 681 ¢.824 9.9212 8.959
118, 8.726 0.3%16 g.q82  8.927 2.9%8
18%. ~ 8.818 0.880 9,922 8.959 9:968
13%. 6.804 D870 @98 0946 B8.96%
14%. 8. 560 8. 768 BB A9 .97 g.947
18% 23.357 3563 2. 14} e.884 B.935
185¢  @.53%5 3. 684 @. 785 P.887 2:.937
175 8.733 @.82¢8 8.882 2-%23 3:951
185« - 8.817 @890 9.9139 8.989 8.98%
195 0:925 8.965 8.985 £8.993 9.997
AVE = 9. 639 Qo??‘ J872 0.925 89517
"7

1.
e 14)

B.45%3

@.612 .

6.588
8373
g. 872
S.2%6

Pedla

8.5%

82728
" Bedl@

.ela

 Be962

#.978
#. 980
B.978

B T2

G971
8. %4l
6.949
8.993
8.999

8.976

12

8.298
8. 687
8. 129
BN 1

8. 505
8. 181
-1 '-st

2614

e N7

8849

P. 464

LA




TASLE X¥Ii {Continued)

DETCCY10M PROBABILITY FOR COMERENT MT! MODE
© Beam Numbers A asd £ A'
| | Center (ﬁﬁ:seam Averaging;

=4
#

174010 T, = 1/2645
Pe = 107

FOR RECEIVER CASE 2

SN RATIO. (D8

VELQCITY & P 1S & He 1, igs
8% . a.0084 $.882 A8 .08 a7 8.3 38 8. 347
F1Se G2 R.BA BB A28 B3R 8. 368 B 646
125, 0.9a8  £.ika B4 B3 @513 5.453 §.759
133 REIT esEy Bt #0338 G427 S a8 8. Taz
145, . &.0888  8.060  #.8%9 COBePRE FuRi8 P63
165 e.402  e.287  g.80% D fibes @290 goase

B & & T T 2213 S.uad  pEEF CEEEER @@ 8. 818 N ASY
198: © 8.0833  6.889 g.j¥z T @ LT S TR Y TR W I
195, . . 848 - . ig $¢g§? 1 )

T T
CAVE ® .08 .85 Beiie B2 8338 0. 487 M. 88

1e3. B3R L &I B8 8908 &8 B.vAe
13 BLTET L ReSIT L B89T M #a95% 2.982
185, MBS S¥FE S.932 M63& 8.9 70 2,982
T35 B.8R7 - BeBES  .924 €983 2.9 2.9a§
_1aS. B.504 Q.72 €.847 €0 £.9%5 .97
155 . 2.414 0,619 B. T4 £.B98  £.949 @.517
TAxe . 0 ASST A TIA ABIE  B.875 €.31% @, var
135, Ce783 9,342 BB¥S  B.933 2957 p.97a
VESL . BeMal  R.v@T @958 8.9 3,944 a.93%
- {98, Q.54  0.973 a,ons 8.995 Q.99 8,939

AV Qe 728 d.826 BB 2937 3+3583 ISR Y]
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-Beam Numbérs A and £

FOR RECETVER CASE 3

wLOCITY

5359'
i%St-
1288,

13S-
145
155,
;65’

115,

ave

AYE

185
19295,

9%
£1s.
125,
135,
14%.
15%.
HE(S
F 75,
89.
195.

TABLE XVil {Continued)

-

ly =

Z.881
a. 822
2. 801

B B8s

8,81
8. 489
Q.233
& @25
8. 087
.89 .

__9933?

13

BeRYZ

3. 94%
3,973

PO |

J.214
8. 878
2.848
$.748
@97
2:.%97

w907

Center (No Beam Averaging)

DETECTION PROBASILITY FOR COHERENT MTI MODE

1/407¢ . T, = 1/2645

Sz RATIO {DB)

8- = ’ bs .

. 8:.823  ge31Z  B.545

B.878  8.288  0.39:
3,287 Q.39 A.408
04179 8.362 @.572
2.839  8.119 @.271
3.88  0.824  9.915

3.9i4 8.089% G145
2.864 8,212 @, 408

8179 2.28) 8.573
g.23232 3o 149 {684

gs @1 a.217 g.atn

16 ig. 2.

g.934  0.982  8.996
@.9%8 Q.798 2.997
8.983 2.29% €998
R P42 B.984 B354
Q& 4B d.9259 g, 9352
B.P28 D987 3886
8.977 g.998 [:99&
902 4,998 8398
PRl A 888 - 1. 8.98

$.961 J.3H¢ A

8.

Bs 14

2. 630
Qe 717
8. 151

gea

@058
B:314
B &1 A
. 1%)
8.8 60

3.53%

22,

2999
Q<999
8.599
G239
e 998
g.974
B594
8 298
1« AR
1. AES

8. 708

18.

-2+ 335

ge. 772
I8 1F
8.3
8278
Q. 18}
8. 524
9. 188
2.873
g. 952

“@e 883

24.

St @80

1.263
.20
1. 209
1.0248
1. 808

te 338

F Q39

1. 208
(R 142 2

Fe 399

12,

8+993
3.882
A.9a7
£.939
Benl%
419

BTl &

3.889
.94
S. 787

8.813

D R s . -
st . v . ) ., E

i b




TABLE XVII (Continued)
DETECTICON FROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
Center (No Beam Averaging)
Ty = 1/4010 72 = 1/2645
PF = 10'5

FOR RECEIVER CASE 4

S/N RATIO (DB)

74

VELOCITY B 2. 4. 6o 8. 18 12

1035 8.001 0.0084 0014 B.054 D165 B.376  B. 637

115 8.028 P+092  Be228 Be 429 3636 0.797 0+899%

125. @s096 P.235 2.437 0. 643 0.802 0:.991 0.954

! 135 B.0879 2. 205 @ 399 B. 6@9 @ 179 9.888 Be 247

: 1450 B.013 0.847 2.138 Be306 0517 BeTIB 0.846

155, 0.000 0,066 8. 335 9.219 8.070 B.211 @. 456

‘ 165 0.004 0.017 0.061 B.168 B.34C ve 561 B 744

i 175, f.031 D+ 099 B+ 241 Pe444 04658 0.807 D.904

: 185. 2.079 0:205 0488 (@e618 D780  0.890  B.951

195. .18 B+4263  @s 491 3. 721 3.883 B.962 B+990

AVE = P.044 0,117 @.241 Q468 0+.563 0,710 @.833

3 14. 1 6. 18 20 22 24.
E 195, BeB842 0.943 0.986 0:997 0.999 10080
L} é 115. 0:953  0.983 0:992 0997  9.999 1.000
e 123, B.980 04992 0996 34999 3+999 1.000
i ! 135. 0.977 0.990 8.996 9.998 2.999 1.000
3 | 145, D.926  B.987 B+987 0.9%5 0.999 140006
S 155 B.718 BeBYI2 D968 0.992 0.998 1.000
&« 165, Be867 0937 0.972 3.988 B.995 0.998
. 175, 0.956 0+.98% 3.992  Be997  0.999 Ds 999
B 185, 0.981  8.994 B3.998 1.000 1.000 1.002
E 195, 0.998 1.(006 14002 1.000 16000 1.000
s AVE = Pe20 B.968 6.989 0996 0.999 i s Dud
5




. TABLE XVIII
: DETECTIGN PROBABILITY FOR COHERENT MTI MODE

Seam Numbers A and E
Center (No Beam Averaging)
Ty = 173268 To = 174950
PF = ]0-5

FOR RECEIVER CASE 1

S/N RATIO (DB)

VELOCITY Be 2. 4, be 8 10, 12
105, B.810  0-.031 .083 B.188 04316 0.469 P.612
115, 0.882  2.008 2,027 (874 Bei65 2+297 (e 449
125. 0.080 @.001 0:024 0.@14 B.044 DP.117 B.252
135, 2.002 0.087 0.022 0.064 0.148 B3.277 @.435
145, 0.014 @.044 9.11¢ d.22] B8.366 9.518 P.653
_ 155, 8.032 0.085 €.182 0.319 0.472 @.614 B.13)
i 1650 Be929  B.078 B.171 0+305 B.457 Q.602 @.72%
175 0.216 0.032  2.083 .183  @.328 9.472  B.615
185. 2.0601 0.203 0.@11 Be@36 0.094 B.198  Be345
195, 9.680 @.09 8.003 Q.01 8.034 0.992 B.201
AVE = 0.010 0.029 0.078 @.141 2. 241 B:.365  B.501
14, 16 18. 20. 22, 24,
105, B+ 729  0+.818 0.880 0.922 0.950 @.968
i15. @594  B.716 B.808 0.874 A.919 $.959
125, 0.438 2.632 2.789 9.891 0.948 @4.977
; 135, @597 B.740 @3.848  0.920 0.9 61 P.982
! 145, A 761 2.841 @896 0.934 0.959 P.976
‘ 155 PeB1%  0.881 Pe923  3.950 0.968 3.980
165 BeB12  Be876  0:919  0.948  3+.967 @¢979
178, 2.732 3.819 @.881 0:924 0.952  0.971
185 0.512 04672 A:e8B02 04892 0.946 P.975
195, 0.361 0547 B.T16 2.842 0.921 9.963

AVE = Be 636 A. 754 D846 f.910 Qe 49 B.272

78




TABLE XVIII (Continued)
DETECTION PRORABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (N¢ Beam Averaging)

Ty = 1/3268 Tr = 1/4950

FGR RECEIVER CASE 2

S/N RATIO (DB>

; VELOCI TY 3, 2. 4 6o 8o 10, 12,
185, BeA12 J.040 B.124 B.214 De360 2-.5123 B. 650
115. R.002 0.011 A, 335 . ﬂg093 @.i97 @.339 Re493
125, N GGG 2.201 Q. 805 2-218 D«05¢ D145 @. 298
135, 7.0602 0.009 B.029 2.081 G179 D320 Ae 483
145, c+ 019 R2.B56 P. 135 R.259 2.410 B.56i Be 689
155. Be B4 2.105 B.217 @.362 Be516 Be 653 Q. 761
i 165. P.037 d.897 B.204 Be 348 B.502 D 641 R. 152
: 175. J«@13 B.041 C.106 f.2117 0.363 3.516 D« 653
18S. 2.001 D.204 0015 G.046 B.116 #.235 P. 391
195, N. 000 2. 001 0. 004 P.B14 B.04a4 Della 0.240
AVE = 7,013 P.037 7.085 2. 165 B.274 DedA B 541
14. 16 18. 20. 22 24,
105, Q. 759 P.839 HeBIS P.932 2,956 B.372
i 115. Ae 634 DeT47 #.831 ?.890 0.930 A.957
! 125. Ao 494 A. 683 n.829 #.913 D.959 0982
g 135. 2. 641 Ao TS5 P.873 2.935 A+ 969 0:.986
g 145. 7.789 3.8 60 0.909 De 942 D965 2,98
: 155, B84 D896 #,933 B.957 D972 B.983
165, Q.54 A.891 @.930 Ae955 B.271 N.982
17S. T TE2 D8 4t @.896 0.934 @.959 D976
185, B.560 B«T13 9.833 2.912 G957 2.981
175, Re 412 @+ 5965 Ve 759 2.871 0337 @e9 71

AVE = B.672 B.784 DeB 68 B.924 A.9358 A.377

T6




TABLE XVIII (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
Center (No Beam Averaging)
Ty = 1/3268 To = 1/4950
P = 1075

FOR RECEIVER CASE 3

S/N RATIO (DB

VELOCITY 3. 2. 4 6o 8. 19. 12,

105. 8.024  0.081 0.286 @399 0.608 0.777 0.88%

115, 0:.905 0.020 0.070 0.185 §.371 0.582  @.758

125, B+801 24002 0.009 0.034 G.11) 2.279 B.526

135, Be004  2.0816 B.058 0162 0.348 04555 @. 747

145, ©.837  B8.113  0e264 0.469 84669 0.819 0.910

155 0.082 B.209 B8.403 0.611 0. T79 @.888 (.947

165 0.874  0.194  0.383  0.593 B.766 0.880 @.943

175 8.025 B.083 8.210 0.404 0.612 0.780 0.888

185, 8.002  0.007 08.029 £.092 B.229  B.431 B4 646

195, B.000 9.002 0.007 06.026 0.087 @.224 2.438

AVE = 8.025 B8.073  Q.164 B.298  9.457  8.621 @ 769

14. 16. 18. 20. 22 24

185, 02947  0.976 0.990 9.996 0.998  $.999
115 8.875  @¢941 0.974  9.989  0.995 @.998
- 125. 8761  0.909 08.973 @.993 0.999 1.008
4 135, @881 04954 04986 0.996 3.999 1.000
£ 145. 04959  0.982  0.992 £2.997 B8.999 1.0600
% 155 04977 ©8.990 @.996 0.998  3.999 1.000
! 165 0:975  0+989  B.995 (3.998  9.999 1.008
& 175, Be948 04977 D990  0.996 B+998 0.999
: 185, 8.819 0.925 @.975 2.993 @.998 1.000
195. B+ 672  0.852 0.9438 B3.98" 64997 0999

v _AVE = #.881 04950  0.982 B.994  0.99% 2.999

~d
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TABLE XVIII {Continued)
DETECTIGN PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
Center (No Beam Averaging)
T, = 1/3268 Tp = 1/4950
Pp = 1078

FOR RECEIVER CASE 4

S/N RATIO (D®)

VELOCITY e 24 4. be 8o

105 . 0.030 0.096 0.235 0.437 0. 643

115, B.006 0.025 A.083 0.212 B.408

125, 0.001 0.083 8.0811 0.841  8.131
b 135. 6.005 2.020 9.070 0.187 0.376
,\ 145. B.045 9. 132 A.296 B.507 B. 702
E 155. @097 B.238 B.441 B.647 0.805
g 165. B.088 (.222 9.420 0.628 0.792
k. 175, 2.030 0.998  0.239  0.442 0. 647
T 185, 2,602 8.909 0.935 0.109 0.259
43 195. 0.001 0.0062 0£.008 0.032 0.103
- AVE = G.M30 ©0.084 B8.184 0.324 B.487
13
L 14, 16. 18, 20, 22.
4 105, 3.954 0.980 0.992 2.996 8.999
. 115 34891  0.949  @.978  Be991 3996
o 125, 00796 04926 2.979 0.995  0.999
b 135. @e899  0.963 0.989 8.997 84999
. 145, B.965 0:985 0.994 0.998 0.999
B 155 Be988  0.992 04997  0¢999 04999
3 1650 B.979 84991  9.996 0+998  B.999
| 175 0.955 U988 0.992  0.997 0.999
E 185, B.844 ©.938 0.980 0.995 0.999
3 195 GeT10 B¢875 0955 0+989 B.957
- AVE = @:897 0.958  8.985 2.995  2:999

78

1.

P.802
8. 618
B.317
2.593
2.841
0.903
B.896
2.885
B. 470
64255

B. 650

24.

B.999
0999
1.000
1.020
1.000
1000
1.000
1.000
1.0060

. 0+999

1.0¢0

12

9,901
B« 785
B.571
0777
@. 923
90955
B.951
0.903
@. 682
0. 480

3. 793
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TABLE XIX

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

T] =

Center (No Beam Averaging)

1/4010

P 10~

GIVE SN OF SINGLE PULSE.

= 101,1
v
185
115
125
135
145
135
165
175
185
195

PD1A
8,557
8,045
3.000
2.000
d.052
B.568
2.823
2.904
@.932
8.929

AVERAGE PROB. =

PDIB
P« 711
G901
0937
Pe932
B.872
@552
7.000
2.000
0¢340
2832

8.900

GIVE SN OF SINGLE PULSE.,

= 42,1
\"
105
115
125
135
145
1585
165
175
185
195

PDIA
Be267
2. 003
0.000
2.800
0.004
9.278
9. 632
2.787
B.846
2.8 61

AVERAGE PROB. =

PD1B
B«454
P.780
P«856
A.845
Be724
De262
2.000
2.000
0.098
Bs 649

Be150

79

T, = 1/2645
6

AND RECEI VER CASE

PDS
8.872
#.985
@937
0.932
BG.879
2.806
2.823
B.904
0,955
0990

AND RECEI VER CASE

PDS

Be 600
0.781
B.856
B.845
De 725
2. 467
2. 632
2.787
#.861
0.951

et M AN ‘s e T LA s A2




TABLE XIX (Continued)
DETECTION PROBABILITY FQR COHERENT MTI MODE

Beam Numbers A and E
Center (No Beam Averaging)
Ty = 1/4010 T2 = 1/2645
Pp = 1076

GIVE SN OF SINGLE PULSE, AND RECEI VER CASE

= 16455, 1

v PD1A PD1B PDS

105 2. 055 P.161 P.207
115 - D008 D+543 B+ 3543
125 0.009 0.680 . €80
135 0. 000 B. 559 P+ 659
145 2.000 D4 455 0+ 455
155 2. 060 P.053 0119
165 P.332 B.000 P.332
175 Be554 0.000 B. 354
185 Be 659 2.210 . 662
195 B.688 #.353 D 798

AVERAGE PROBe. = 9.500

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE

= B86e5,2

\Y PD2A PD2B PDS

135 @.5 55 Q710 2.8
11S 9.9 4] Q.90 B985
125 8.200 8.%37 B.937
135 9.0080 P.932 8.932
145 R.048 B.8172 2.879
135 Be566 %e550 2805
165 0.823 0.200 D823
175 0,904 2.700 0.924
ig8s 2.932 B335 BeISH
1953 B.939 P.832 Be922

AVERAGE PRCB. = J.700

S
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TABLE XIX (Continued)
DETECTION PROBABILITY FOR COHZRENT MTI MODE

Beam Numbers A and t
Center (No Beam Averaging)
T, = 174010 T, = 1/2645
Pp = 1076

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE

2 3662,2

\ PD2A PD2B PDS

105 B.264 P+ 453 2597
115 2.003 B.781 P. 782
125 2.0800 0.857 B+857
135 G.0200 B.846 Q846
145 G.004 2. 725 P. 726
155 @.275 B.259 P« 463
165 Pe 632 2.000 @e 632
175 d.788 0.208 @.788
185 B.B4aS P.094 A8 61
195 B.852 . 659 2.952

AVERAGE PROBs = 0.750

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE

= 14.35,2

' PD2A pD2B PDS

185 052 f.158 D202
115 B3.200 Q. 545 @+ 545
125 U+ 000 @. 682 D 682
135 0.0009 2. 66} Qe 661
145 9.000 de 456 d.456
155 D057 B3.059 g.104
165 #.332 @.980 9. 332
175 D356 2.900 @. 556
185 B. 661 Q.008 8. 664
195 3. 691 A.353 3.880

AVERAGE PROR. = G562

b
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TABLE XIX (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
Center (No Beam Averaging)
Ty = 174010 Tp = 1/2645
= -6
Pe = 10

GIVE SN OF SINGLE PUWLSE, AND RECEI VER CASE

= 30,3
v PD3A PD3B PDS
105 P. 402 Be. 657 B. 795
115 2.9003 0.9 42 @942
125 2.000 P.975 P95
135 2.000 B.971 @9 T
145 2.004 2.909 2.909
155 Be.419 f#.394 B. 648
165 2.848 2.000 B.840
175 #.945 0.000 B+945
185 P.971 G.138 B9 7S
19S5 B.9717 D.855 997

AVERAGE PROB. = 0.900

GIVE SN OF SINGLE PULSE, AND RECEI VER CASE

2 15.65,3

v PD3A D38 PDS

185 0. 140 B.360 O+ 449
115 B.020 2.836 B.836
125 a.000 2.923 0.923
135 2.000 0-912 B.912
145 8.000 B. 760 Q. 760
155 2.158 @135 D265
165 0. 624 e.92080 g.624
178 G844 0.002 2.844
185 @.912 2. 025 8,914
195 8.927 3. 658 2-974

AVERAGE PROB. = @.750




TABLE XIX (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
Center (No Beam Averaging)
Ty = 1/4010 Tp = 1/2645
P = 1076

GIVE SN OF SINGLE PULSE, AND RECE] VER CASE

= 7,2,3

v PD3A PD3B PDS

195 P.017 2. 085 2+ 100
115 2.000 @.561 e 561
125 0.000 Be 151 Qe 754
135 2.000 @. 723 0. 723
145 8+.000 P.434 D434
185 f.019 B.016 2.834
165 9.268 2.000 @2.268
175 Q+576 B.0088 B.576
185 P.723 g.202 Q. 724

195 . 762 9.296 2.832
AVERAGE PROB. = @.50@

GIVE SN OF SINGLE PW.SE, AND RECEIVER CASE

2 27+8, 4

v PD4A PD4B PDS
105 8. 399 B.656 B. 794
s , 115 8.903 8.943 0.9 43
| 125 2.000 @975 8.975
| : 135 a.000 B.972 B.972
o ' 145 @. 243 2.910 2.910
185 2. 4186 2.391 9. 545
S 165 0.8 41 #.800 2.84;
i 175 0.946 0.008 0944
5 185 @.972 B.134 8.975
. 195 8.977 3.855 2.997

AVERAGE PROB. = @.9090

Wi
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TABLE XIX (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and
Center (No Beam Averaging)
Ty = 174010 T2 = 172645
Pr = 1076

GIVE SN OF SINGLE FULSE, AND RECE!VER CASE

2 14¢5%5,4
v PD4AA PD 4B PDS
105 2136 B.358 De 445
115 ' 3.000 B8.838 G.838
12§ B.000 8.924 P.924
135 0.000 0.913 2.913
145 B899 @.761 B« 761
155 .t ar 2.131 8. 259
165 Be 624 a.000 Be 624
175 8846 2. 080 B.846
185 Y913 2.823 2.915
195 d.928 A. 651 8.97%

AVERAGE PROB. = @.750

GIVE SN OF SINGLE PUL.SE, AND RECEIVER CASE

= 6-7)4
v PDAA PNaB PDS
133 B.015 2.082 B 096
115 B.200 . 562 @ 562
125 @006 P+ 753 @. 753
138 2.900 B.725 @ 725
145 a.9a9 B. 433 9. 133
i5% 0.0617 D314 3. 231
165 B.266 0. 000 8.266
178 B.577 2. 09 3.577
185 @.725% A.001 B 725
195 Be 762 de293 B.833

AVERAGE PRUB. = @.S5a0
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TABLE XX
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E
Center (No Beam Averaging)
T, = 1/3268 T, = 174950 .
Pp = 1076

GIVE SN OF SINGLE PULSE, AND RECEI VER CASE

3 118, ,
v PIMA PDIB FOS
1925 0.0080 8.916 BeP18
115 2.0083 3.863 2.863 -
128 8.543 @.788 8.878
135 2.853 @.379 0.9@9
145 @.927 @.219 2.928
155 8.946  2.008 2.946
175 8.947 2.806 2.-917
185 2.813 2.348 - #.878
195 B« 377 3, T1¢

AVERAGE PROB. = 9.900

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE

= 53- s i . )
Vv PD1A PDIB PDS
185 0.000 v.817 - P81 7
1S 3. 600 8. 714 8714
125 @263 0. 493 Qe 624
135 Qe 696 @129 8. 135
1 A5 B+« 84¢ 2.001 B840
165 8.875 8.08e0 e.875
175 2.818 0.800 - 2.818
185 D. 624 2.189 B. 665
195 @.128 0. 469 @.537

AVERAGE PROB., = @.758

d.822




TABLE XX {Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E _
Center (No Bgam,Averagiég}-
Ty o= 173268 Tz = 1/4950
S Px =2 IGTE

-
o

. GIVE SN OF SINGLE PULSEs AND RECEI VER CASE
s 28.55, | | o o
vV PDLA PDIB PDS
185 8.88¢ = d.4614 Ds 414
11 e.88e 8. 449 9. 449
- 125 - B.057 » 197 Be223
135 e 424 B.318 Peq33
1 45 B¢ 656 8. 820 . e 6558
155 8.733 . 8.93860 8. 732
165 8. 124  _g.000 8. 124
175 8617 2.288 _ 8.617
185 8333 g.812 .24
19S5 8.016  8.189 -  @.193

AVERAQE~P§GSQ‘= é.sea

GIVE SN OF SINRLE PULSE, AND RECEIVER CuoE

= 101.3,2
oy PUZA  PDEB PDS
| o .08 0.914 #.%16
s 2 092 3.863  B.R&s
125 @542 e. 728 @.81%
13S G.854 8.376 2.969
145 B.927 @209 2988
19% B947 3.008 %.9‘?
165 8.244 d. 0960 0.944
175 8.917 0.905  0.917
185 _308‘3 ' 9,344 - B.878
195 274 Be 784 8.821

AVERAGE PROB. = @.900
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ikrif FQR CQHERE&T HTY MODE

S?aﬁﬁﬁﬁﬁ*‘ﬁ“éiié

JF

Siéi 9
& 43, é:
N '.
19%
115
i2s
133%
1 a5
1§85
163
175
183
i9s

ferter {% Seam Averaging)

e '1;3258

OF SINGLE PULSE.

PORA
a.ag8

- g‘gaﬁu
" P.288

8.694
@.848
g.881
B.H74
2.819
@624
2. 123

AWRAGE PROB. =

PREY
8.817

Eu?}é

@, 488
Q.13
SR 3

8.090

2. 080
8. 598
T

g.463 :

8. 7@

GIVE 2N OF SINGLE PILSE.

* 1 TeBe2
A4
199
11%
§125
13%
143
198
165
HR A
igs
185

Bn2a
8. 509
2. 3pQ
Q.354
§. 424
. &58
#. 738

CR.T28%

f. 819
d.232
F.814

AVERAGE PROH. =

AR
G618
8. 453
8194
0.a15
2. 089

8.3892

3.882
8. 88
@GB!
& 178

3. 502

72 ] ‘f&g5q

AMD RECE] VER CASE

D3

- ;gang
B 7t 4
8 6818
S. 134
- BB A8
.88/}
Q.84
8819
#. 684
8. 533

ANG RETEIVER CASE

PDS -
8618
g, 230
@.238
@.433
®. 858
#. 73%
8. 188
B A5
@, 329
Bs 159




TASBLE XX {Continued)
DETECTION PROBABILITY FOR CNHERENT MTI MODE

Ream Numbers A and E

Center (No Beam Averaging)

Ty = 1/3268 Tp = 174950

GIVE SN‘OF'SINGLE PULSE, AND RECEIVER CASE

= 34603
Y PD3A PD3R PDS
105 .. 2.8 = @.9%5¢ 9.954
115 D.«000 B.895 9.895
125 T @e375 @ 681 9.801
135 B.802 G178 . . P.902
145 B9 664 0. 200 De966
155 2,981 B. 60O P.981
165 B9 T 2,028  0.979
115 P.957 0.0200 Pe957
185 9.822 de142 P.847
195 Be159 8. 657 B 715

AVERAGE PRCB. = @.500

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE

z {8e 653

\Y PD3A PD3E PDS

195 ?.000 B.817 BeB8T7
118 Be000 De 7T4€ De 740
125 3,132 Q. 403 B 432
135 Be713 0.037 @. 7124
145 2.903 2. 000 P.2023
155 0.943 p.000e 2.2 43
165 B.938 2.002 De938
178 P87 2.008 8,879
125 P 606 Q.028 B. 617
{95 B.836 P.374 @e 397

AVERAGE PROB. = 0.750

hh
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TABLE XX {Continued)
DETECTION PROBABILITY FOR COHERENT MTTY MODE

Beam Numbers A and
Center (No Beam Averaging)
Ty = 1/3268 To = 1/4950
PF = 1076

GIVE SN GF SINGLE PULSE, AND RECEI VER CASE -

= 3693, 3
vV - PD3A "PD3R PDS -
185 2.060 G+ 662 2. 662
115 ?.0800 2e427 0. 427
125 2.018 Be117 2.133
135 6.391 A<« GA3 2.393
145 2719 0.200 De 719
155 A.818 B.008 0.818
165 = ©-806 P2.000 D806
175 B 666 O.B00 De 666
185 2269 0.0082 2. 271
195 2.003 B.102 0. 185

AVERAGE PROBe = @.500

GIVE SN OF SINGLE PULSE. AND RECEI VER CASE

= 32,4

v PD4A PD 4B PDS

105 2.960 Be956 0.956
115 @.000 P.895 8.895
125 B.3M P. 680 De 799
135 B.882 Pe166 g.902
145 0.967 P.800 Be957
15% 2.981 2.060 2.981
165 2.980 2.000 0.980
175 2957 0000 8.957
185 0.823 @.137 BeB847
195 B.164 Pe 856 Be 712

AVERAGE PROBe = 0.9080

b))




TABLE XX (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E A
Center (No Béam fiveraging)
Ty = 1/3268 - Ty = 174950
=0

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE

% 174354 4

vV - PD4A ~ PD4B PDS
, 185 - D000 2,879 @.879
: 115 8200 B. 743 "Bs741
i i25% B.128 0. 402 . 479
; o 135 @715 - Q.35 P.725
! - 145 B.9Q5 0.860 0.905
| ) 155 B.944 = 0.000 “Be9 44
; . 165 De%40 - B.000 0.9 40
‘ §75 9.881 ¢.009 2.881
185 0. 626 é.826 . Be 817

195 - D034 - #3373 0.394

AVERAGE PROB. = @.758

GIVE SN OF SINGLE PULSE, AND RECEIVER GASE

. ‘AVERAGE PROBs = 0.%66

- =z Be35r4

3 v PDAA - PDaB PDS

k 185 2.000 8682 Be 664
;; 115 ¢.000 B. 427 0.427
s 125 0.016 24115 D129
il 135 8+391 3.003 0,393
E 145 8. 722 8. 300 8. 722
B 155 0.826 2.000 8.820
E 1 65 2.599 @.000 2.809
e 175 8. 668  B.008 Q. 668
b 185 3. 268 8,002 8.249
i 195 0. G083 B.099 @¢182

a0
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TABLE XXI
S/N FOR SCAN MODE Pg = 107%

Comparison Ward - Vannicola

Probability of Detection
50% 75% 90% 95% BEAMS

Ward

Using Barton

Vannicola Using

Appendix 8

4.4 6.8 9.4 10.9 Center A only
5.8 7.8 9.7 10.7 AUB Position Average

4.5 7.2 9.8 1.7 Center A only
5.7 8.0 10.1 11.3 AUB Position Average

01




TABLE XXII
S/N (DB) FOR 75% DETECTION PROBABILITY

BEAMS SCAN MTI | MTI LOSS
Ward Pg = 1074 12 AUB 7.8 14.8 7.C
Average Velocity 12 + Q2 AUB 7.8 na 3.3
I2 AUBUCUD 14.3
Vannicola 10°* I2 AuB 8.0 19.1 111
Average over all T 12 + Q2 AUB 8.0 15.0 7.0
Vannicola Pp = 1073 12 Center 5.2 14.9 9.7
Average over all T 12 + 2 AUE 5.2 11.0 5.8
Vannicola Pp = 10°5 ‘ 12 AUE 7.4 170 | 9.6
Average over all T 12 + Q2 AUE 7.4 13.0 5.6
Pe = 1075 l 12 AUB 8.8 19.1 | 10.3
Ty = 174010 Tp = 1/2645 ) 12+ Q2 AUB 8.8 15.0 6.2
Pp = 105 12 (AUB)U(EUS) | 6.7 4.7 | 8.0
Ty = 1/4010 Ty = 1/2645 17 + Q2 |(AUB)U(EUF) 6.7 11.6 4.9
{ o




_APFENDIX A

DETECT lON OF SLOW FLUCTUATING TARGETS
WITH FREQUENCY DIVERSITY CHANNELS

by

Vincent Yannicola

Introduction

In this appendix an exact closed-form expiession for the radar detection probability is derived and tabulated for
a frequency diversity radar receiver. The receiver model performs post detection integration on all received pulses in
all diversity channels. The target model assumed is the slow fluctuating Rayleigh-distributed (Swerling Case 1 Target)
scatterer. Each of the M frequency diverse channels receives N amplitude corre’ated returns to give a total of NM
post square law detection integrations. The tabulated data computed herein falls between the two extreme cases;
that for which all the returns are amiplitude correlated and that for which each veturn is independent, The piotted
results fall close to the figures obtained through simple empirical relationships.

Returns from radar targets generally fuctuate in amplitude and phase according to some probability density
function and some fluctuation rate, If one is to analyticaily determine the detection probability for a pardcular type
of target in a noise environment, it is necessary that the statistics of target return and noise be known. Although it is
not always possible to characterize the actual target return statistics, one can make a good approxitiation which
gives remarkable results for a wide variety of target and noise sizuations.

The four target cases modeled and evaluated by chrling[ H are well kuown to radar engincers and have met with
great aeceptance. The situations which these cases cover are of twe extrem 5.

1. That of a slowly fluctuating target where the cross section is random and remains correlated during the scan
time. The pulses reflected off such a target are correlated with each other in amplitude during that scan although the
pulse-to-pulse phase may be independent.

2. That of a rapidly Quctuating target where the cross section becomes uncorcelated from pulse to pulse. The
received amplitude and phase are independent from pulse to pulse, The noise in all feur nmdds is zero-mean white
Gaussian,

An excellent treatiment of these four cases is siven by DilFranco and Rubind?) wherein the optmum receiver along
with its performance s derived and plotted > g, o ~urves,

For partially correlated reerived pulbses, several papers have been written,

Swerling has dwclnpcdl” a method which is applicable to a farge family of probability density futictions and lor
fairly general correlation properties of the sigeal fluctuations, His method yields the chatacteristie functiva of the
probability density of sum random variables detineu -+ Y. To obtain p (Y1 and pj with this rechnigus wqums
computer evaluations,

Coneantal! Consmin. i e paitally corretarst caae tar N7 2 and a Kaylesgh ampioe Jodanllly Tometon, A e
be expected, his curves Gall between those of the twa extremes: zero correlation sad complete correlation.

Ina recent paper by Rarton 51 an approxnnate formula s given for deternuning the signal-tonose waquned tor
a given detection profability when there are N pubses representing n mdvpendent sgnat sunples, lie methad is
based v a very simpl enpincal relanonship s hicls sippears o interpolate hetween corplete correliton amd seno
corrclation troan puls o jarise. For the exanples tested it noshown that this appravich enders sontsthaoly accuate
results




A similar expression involving interpolation methods is given by Swerling (6}

In this appendi-, the case of M frequency diverse channels each containing N correlated pulses each with
Kayleigh amplitude density functior: is evaluated, An exact closed-form solution is derived for the output
probability density function and the detection probability for a given false alarm probability and signal-to-noise
ratio when all MN pulses are square law detected and combined as shown in Figure A-1. Each of the MN pulses has
independent Gaussian noise, and cach group of N pulses has an independent Gaussian signal giving a total of M
independent signals in all MN pulses,

DERIVATION OF PROBABILITY DENSITY FUNCTION

We may start the derivation simply by using the results of DiFranco and Rubin. (2]

DETERMINING THE THRESHOLD FOR FALSE ALARM

The output probability density function for nv signa. present may be written from equationm (10.4-17) with
"MN representing the total number of pulses and the varisbie Y representing the “‘convenient modified form” of
equation (10.4-4)

MN
Y = + [12 (A'l)
i=1
YMN-le-Y :
Y. 05 ——— .
wY.0) N . (A-2)

From (A-2) we may write the false alarm probability usingm (10.4-18a)
yMN-LeY -
= Y; 0)dY = f V. Suvutaihe. Ay | '¢ Al
PF f pY; 0) st Y (43
Y Yp _ .

This integral hias been evaluated by Pacharesl”] for 1 < MN < 150 and false alarn probabilities equal to 10
where m' is an integer ranging between | and 12, Using the Pachares tables, one may obtain threshold Yy, to four
decimal places,

DETECTION PROBABILITY

Next the probability of deteclion is derived . We mny start with the characteristic funcuon of the signal out of
the N pulse integrator which comspcnds to the Swetling Case 1 given by Dianco and Rubin[-l in{1 :‘. 23) and
is repeated here, '

. DN
e {Ad)
Ty, g, 0 NAD s et T -
1+NA,2

' . Y . )
whe | 27 Is the wigiaaes of the target return signal.
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When we add M of thesc outputs through the adder,
M

Y = Z Y (A-5)

i=1

where Y,- having amplitude Ajis independent of Y/‘i # J, the result is

. (-DMN (A-6)
CYOA L A2 Ay (PNAGHM (- —L— +joM (1 + jMOV-D)
1+ NA
p(Y) = p(Y.1)

Probability density p(Y) is obtained first by factoring (6)

e = (A-?)
(Y(S)Al.:‘\z.. o Am

M1 MON-D) + 1

() x (1)

(e NAGEMT (oM e NA Y (L v M
: . oLt \Ao ) 1+ NA,.~

0

Next we use the results n.l_'[zl (11.2.25) which sHows us to write the anti-characteristic function of the second
factor of (A-7) _

Lqr
pZ)s pe? — Y [MON-1). (8 + 1D)Z] (A8)
MON-1Y - 1] (L4 gMEN-D) :

N oy
where the substitution § = - 1/(1 + NA ;=) has been made.
The tlest factor tn (A7) results in (M-1)-fold itegration vver the mcomplete gama function, v [M(N-1),

(f+ DZY. of (8) with the «dditions! mulnph..t BM" i otder w ohiam (Y 1), The probabitity denaty Nunction
pY ) is thus written ‘

_ 1 BY Y AT ’: e '
. p"-‘ 1 . IMIN DY (g
YY) = et 1 f f (M-1) f L : .) allal AU AR
: epMNen o oo g S IM(N-1Y - 1]
¢ 0 0 :
i (A
This (M-1) foid integral is evaluated by c;paa\ding the integrand 18] 10 the form
ﬂnx)” [14xe ‘0_"_:;_0 ,..-‘"" e (A1
{nl)! M3 Gy

A4




performing the integrations, and collecting terms. The result is

M. ,( |)l4i
)= MY L +pyiM’ (1ML (MN-2)!
(1 + gyVN-1 (M-1)! \ (MN-M-D) (M1
MN-M-1
(a+pyii ) | LA 1+D)Y 2 : MN-2)t [+ gy (A-11)
- (MNMTFY (M7 i
j=0
The probability ol detection
oo , Yb
Pp = pY) Y = 1. p(Y) dY (A1)
Yy, 0

can be tound in a simmilar mannes by performing the integratior and col Hecting terms, The expression which results
can be contracted using the incontplete gamma functions expansion auurdmb o equation (A-10) to yield

M.
Py = 1 - 3&1.1 2 : (| ; -g)i _IMNG) . ﬂlfi.-ii\'b)
(s m\l N i MNM- M-t
i=0 : : :
MNM- o .
. R ’*"\’ .
o E (egy M T V) : (A-13}
. (MNAL LA (M i o
i=0 ) o '

Trom which Curves may be constructed after chaosing the appropriate tireshold, ¥y, from Pactarest T iables. In
using Paclies !ah!n the totat :mmbn af pulses m cortespomls tn MN :

The exprosuon m cquamm( Ay resentbler an expresanm denved hy hnml Hior target detectiin it poase when
- the taiget fading petiod i dess than the post detechion nteg. sten and greater taan the intespulse period. His

EXPIESKOR 1 0 M G Lageef, postcotreiater . and norg Bandwidile and with 2 d*gxcc of effort can b\ wehaited
the tupic teeated in thy report,

COMPUTATIONAL RESULTS AND V'HI'CKL\'(G \\’l fHOTIHTR Rlx\f‘-’l.!}\:

Eyuation (A-13)15 used to mmpulo the curvenin Frrures A and AL Thew fgures present tae probabifiey -
detection verw dngle patw rms stgnal-to-noise ratie for dilteren? combanations of cereelated pulses per channel, N,
3t numbet < £ diveruty channehs, M. Lach figure shows a tanudy of curves Tui # given (3l alatn probabilty. Note
that these i ves D0l Betwaen the two oxdiene casev, s e vhen Mo 1, Swerlig Case Land N e Swerling Cawe 1
as preseaicd sa Dal tanvo aod Ruban. 21 he curves tor ¢ A LM s Tand Case N = 1 have been repeatind here and
arexpreted they chicdk with thive of tae abine seferense. The 108 discrepandh between the vurves presented liceem
md tiase af Db rance and Rubin s due to the fact that we are plotting ppy against the avwveage ugml L PN T3ty
N, > tathe than the aver pe ol tie prak 6«‘, * -A.;’ of that reteronce. The patnts on Figures A2 and AL3 are computed
us.ng Barton's ‘miws Note the agrecment of thea pomtsaith the cuves which weee plotted usng equatson (A § 3.
Reywans of depattiure accur at high probabiiitees of detection as well 2¢ haw ssbabiiticn,

RPN
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The computer programming ran inite some accuracy difficulties when the number of channels M was made large.
This was due largely to overflows and undesflows encountered in the terms of equation (A-13). A discussion on
this topic is presented in Appendix C authored by E. Brom!ey who did ali the programming for obraining the
numerical results reported herein.
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APPENDIX B

DERIVATION OF PROBABILITY OF DETECTION
FOR THE FOUR MT1 RECEIVER CASES

by

Vincert Vannicola

This Appendix pizsents the derivation of the probability density function of the variable ¢; and computaticn of
the threshold v; for each recciver case.

The receiver cases are shown in Figure 2 of the basic report. The input info each port is a zero mean Gaussian
random varigbie with variance 2. (This variance may be either 002 or 012 depending on H, or H,.) For simplicity
let us denote the inputs by xj, X3, etc. Then the input pdf at each port is

xp () N 2)

px (X) =
2ne. 202

(3) The pdf of the output oi the absoiute valuer is obtained as follows

plxI(iXD) = 11 px(X) + I px{X) {B-2)
x<0 x>0
where
=|2% 1)
ol xl
Letting u =1 X! = |.Xi we havc
pu(U) \/i- exp(-—=) : u=0 (B-3)
202
pu(U) =0 , a0
Since ¥ is the sum of the two independent variables uj and uy we may obtain the pdf of @; through the
convolution integral
o0
a1 (4 = / pu (€ - v) pU(U) du
y 2 + '
=-2-2- j exp (- [lu} u)du
e 0
2 & '
= 2 exp (Q_l.-)crf (-L) 7 (B-4)
no 4yl 2




It can be seen hat this expression is found in (7-A) of the report.

In order to determine the threshold, the faise alarm probability must be evaluated using the integral

)dll

Pp=f pl](!‘)df‘=\/—z_-f erf (- ‘)exp(
71

ng % 46,2
7 °

=1 erf? (.,51_) =1-erf2 (L) (B-5)
71 20, 204

ForPp=5x 107 we have

Pr=1- erf2(_._) 5x 107
0

[1+erf(-._-)] 1- ert( )] =5x 1077 ’ (B-6)

We see that erf (f;y-i-) is aimost unity so (B-6) reduces to
“ o

erfe (——— ) =2.5x (B-7)
200

Solving for ¥ ; (1Bl the threshold, we get

71 =385 20 =139 0, (8-8)
which agrees with (l’-A)

" The detectxon prob..bxmy is obtuined by 2valuating the same integral in {B-5) except that the variance is
chfferent

Pp=| el (-31-) =1-erf? (=1 (B9)
- 20 20
M
which is-of ‘the form carresponding to (14-A).

(b) This case is simply the sum of the square of two statistically zere meun Gaussin random variables.

€= %2+ Xp2 (B-10)

B-2
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Its probability dmsuy fun«.t.on is dem‘ed 5. maay tex:books Smce it is simple to derive we will go through the
basic sleps here. We tet o ‘ .

‘ 22=213 X952 X1=vVT% cosd
“‘, _.'l:;:‘:,. _l x2 R ) . _ .
A A (.5(._) Xy=/¥; sined
A § |
‘giving aJacobian (31 =] il cos & ' L sing I
2\/T LT 2% ‘
' Ens =1 (B-11)
: Z
. \/Fp‘ sine V5 cos §
The transformation may be written - .
2
pgzo (mfa)~ IJ Fpxy, X3 (x,,xz)- L exp (& (R-12)
4ng2 202
The pdf of £ is then evaluated 7
in
{ . , -1 2 )
p22 (22) = szs 0 (22,0) da = —-—,.," exp ( ."""‘) (B'l")
: 20+ 202
0 ' :
and is in agreement with (7-B).
In a manner similar to finding threshold and detection probability of case (2) we my write
o0
o 22 .
Pp = / Py, () dy = 2"0- 202 5x 107 .y, =290, (B-14)
v
2 Y
which agrees with (12-B), and
00
i) 2}
Pp = exp (-—= ) =exp( (B-15)
2012 2012
72

which corresponds to (14-B).

(¢) To start with we may use the results of case b which have just developed. The pdf for yo = L ls
equation (7-B).

Py2(yD= L. exp(- 2 (B-16)
2
and through a simple transformation

l.llﬂ%lyi =y

B-3




we see as expected shat y has a Rayleigh distribution

2

=1Jl 2y=_Y exp(--¥.)
py(¥) = 1lp 2 (y9) " p( >,
Now the pdf of

23=y1ty)

where the y variables are statistically independent is found through the convolution integral

o

pe; (83) = f Py(YIPY (5 y) dy

L0
3 ,
2. .8 R3-y ¢
= Yoexp (- [3- Fexp(-22) dy
f 02 22 o2 o2 202
0
2
) ga2 2 2
= 23 exp(-——)+ VL (i..u)exp(.gi_)err(gi)
2 2 2 2
20 o 20 942 49~ g

This is an agreement with (7-C).

The false alarm probability is derived by integrating (B-19),

o0

N PF = f PQ3 (23) dQ3 -

73

The integration may be simplified by a change in variables

f-L]

Hi
[
gl

giving

~2
[

73 73
2 % | e
The first integral of (B-21) is
. oD o0
f 2a exp (-2a2) da= -_‘,- exp (-2a%)
RENS REY
20 0

(B-17)

(B-18)

(B-19)

(B-20)

P = f 2aexp (-222) da +4/ / 2a2esp (-a2) erl (a) da- /70 f exp (-2%) erf (a) du (B-21)




the second integral is

VT f 2a2 exp (-a2) erf (a) da

2
[- -] o0 o
= i erf2 (a) - _;. exp (-2a2)
3 3 n
20 20 20
and the third is o o
VT f aexp (-a2) erf (a) da = -.%. erf2 (a)
n 73
20 2%

Combining we have

00 ) oo

Pp=-v1 ! a exp (-a2) erf (a) -
2 7
20 20

2 2
=i 23 exp (- —"L)erf(—y.l) + exp (- R
200 4002 200 _ 2

which s in sgrecment with (1),

exp (-2a2)

0%

(B-22)

To find the threshold v3 we set P equal to 5 x 10°7 and note that for the large value of y3 which satisfles thk

condition ‘.he following approximation holds:

aexp(az)a — S5x 107
v

* Equation (B-23) may 59 put into ldgiri_thmlc form"ggvmg

al = g, (@ +150
and through trial and error we find this relation to be satisfied when

S
20,

v3=8.10,
which agrees with (12L).

(B23)

(B-24)
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The detection probability is simply

2 2
Pp = VA2 exp (-—0—) erf (=22) + exp (-—12-) (B25)
2 2 2 2
91 40| o] 20,

in agreement with (14-C).

(d) For this receiver case the variable 24 is the sum of two independent variables y12 and )'22 each having
probability density function as that for £, of case (b) given in equation (B-13).

.1 £
PQZ(QZ)' - exp (‘—2—)

20° 20
Since
L= ylz + y22 (B-26)
and
Py, 2 = Py, (v2)= pg » 5= pg, (22) : (B-27)

for €5 = y5 the probability density function of €4 may be derived from the convolution integral

4
¢
pg4(Q4)== f __‘._.,.exp(--zj-) -—‘.—exp( 4% de,
2o~ do¢ o o*
0.
)
,n..'!._exp(-—-‘!- doy _ ' ' - (B-28)
40% 22 J o _ )
A .

giving the same expression as in (7-b).

This is recognized as a chi square distribution with four degrocs of freedom as should be expected.

Now the false alarm probability is
’ S o ac . . _
Pex | Py, (k9 dey LU T
' W™ ' Wt
' 74 14 -
o . ’ o8
4 € 4 :
= | —;ﬁ- exp( - .._1.) + “ exp ( .-..,3..) diy (B-29).
o 292 . 20 20° -

4 ' 74

8-




v
= (—2 +nexp(—L)
2002 2002

which corresponds to équation (11-D).

The threshold may be evaluated by setting

Pr=(—L + ) exp(-—2)=5x107
2002 2002_

or in logarithmic form letting a = 14
- ' 2042
| a = In(a+1)-InS5+71n10
a = In(a+ 1)+14.5
a_n_dsolvingfo_r
| A= 178
wehare
| 74 ' 35%2_ - T (829"

- which corrcsponds to equauon (!2 D).

The detecuon pmbabmty is obtained by mbsmutmg into cquntion (B 29) a|2 for °o snd the v:lue for 74 of

© (B-30) and results in.

PDa(..a......Ql)exp(_.i) o o (9‘3’) '.
.032 301 o o

This corresponds to équa(ion ( M-D). '

B?
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APPENDIX C
COMPUTATIONAL PROCEDURE FOR PROBABILITIES OF DETECTION
by |
Eugene Bromley

Sgt, USAF

The expression for the probability of detection is given by equation (A-13)

m
.. gm : oy rm-i-) YU BY)
ol TN Z(B) (- Dim-i) &t
i=0

n-t

v Z o (rm-f- 1 YUTLYY : '
. [CEE /! I (S35
/=0 '

- wherems M. |

n ‘VM(N . l)

¥k, x) A-_ incomplete ganuna function -

. The evaluation of this function presents some computational difitculties which were not entitely resolved in the
~ time available. For 1ypical values of the parameters many of the quantities (the factorials, 37, or H{k, x) ) become

~ greater than 1038 or less than 10'38 and exceed the capacity of the computer. This problem was overcome very

samply by taking lopasithims. However, for vass involving relatively large m and low $/N ratio the numbets

- comptising the summations become very large and opposite in sign, For example, for m» 14 and N # 2 the lacgest

terms age on the osder of 1020, Since the final answer is a probaility. it must ). between 0 and 1. As such more

than 20 place sccuticy is tequired in the terms of the summations, whereas singke precison un & cumputer offers

only 8 pisces, Also, much grester accuracy can be required for other combinations of the pazameters.

For the present we have not included results ove” *he entire range of interest of all the viriables 1t s expected,

-however, that the e:xpression coull be rewritten of re-cxpressed 1o be compatible with the limitations of the
. vompute:, The following is a listing of the 2. *ual Fortran Program used 1o calculate the results.

C

L




10
eo
60
70
88
98
100
110
120
130
1498
150
160

1708

188
190
2a0
218
830
228
229
238
233
236
249
R4a4
246
248
258
852
255
- 858
260
279
272
874
378
278
288

COMMON FAC(403),H(200),GAM3(23,288),151G(243)

COMMON PDT(38),Y0(38,5),NPR(30,36),NP(33),A(20)

READ¢ NT
READt NC
DO 8 I=1,NC38 READS (Y0(1,J),J=l,5)
READS (NPC(I),I=l,NC)
D0 12 [=!,.NC2NTAIR=2«NP(I)
10 READ! (NPRCI,K),Km=],NPAIR)
DO 55 I»1,9355 A(1)=2.»]-10.
IS1GC1 )=}
DO 8! I=2,NTiJmi=1381 I851G(1)m<«1%]ISIG(Y)
2 FORMAT (3XsF12e4,6X512+8X513,6XsF7:2,8%X,F12.8)
FACCl) = @,
FAC(2)=d.
DO 80 Is3,NT
Jale-}
83 FACCl)=FAC{J)+ALOGC(FLOATIJY)
DO 6 [1m},NCINPAIR=2aNPC(I1) ,
DO & Ku2,NPAIR,23KlmK=1;MaNPRCI1,KIYINsNPR(IL ,K) 3 XN=2N
PRINT 182,N,M1102 FORMAT (= FOR N =™,13," AND M =",13)
PRINT 1Q43PRINT 10J3,CAC1), s} 9)IPRINT 12031288 FORMAT ("0
D0 & Jal,S5YeYO(IS,d) _
184 FORMAT ("~ < S/N RATIO (DB) »*)
183 FORMAT (" Y ",9F6.8) '
MeNPRCTL LK) SNeNPRCIL 2K 3XNaN
DO S Mi=l,21A2#3,
AQm Q.o (ACMI ) /280
BETAms] /(1. *XNOAQ¢A0)
Pu«BETASY '
MSaMel 3CALL GA(2,MS,P)
Bi=ALOG(=BEFR)
NSu(Mei )o(N-]1)JROA=BETA¢] . 331-ALOG(RDA)
NE&aNeMeN=]
[F(M]EQ.1) CALL GA(1,NS,Y) .
DO & I}, ,NSJiAn]l~ llalQ-M¢23NI3-ISIG(Ml2)
H2#ALOG(FACI (NS, Ms1A))
H3n(Me])eBl SH4u(NA=1A)2R]
ATeHI~HA+CAN2C) » 11 eH2IIFCABS(ATYeGTe 50+ 30TO 4
AR=A2+M1 IsEXP(ATI A CONTINUE

READY

*

e« remare o m——ts Sosator




‘ X
,
-

By
S
e

o
=

o

Ny
VTS

B
‘,

330 MS=M+13D0 3 I'ioMS}!AOI~l}M16-M-IA¢l

344 G2=ALOGCFACI (NS, M, IA))

345 GS!(M-IA)talIGQ~(N6-IA)*RI

Jseé A6-G3°GQ*GAM8(2;I)+GR}KF(ABS(A6)¢GT-59o) GOTO 3
3648 AB*AQ*(S!G(MXQ)*EXP(Aé)S 3 CONTINUE

620 IF(ABS(A2).GT. SG.) R2=-53,

838 PDs}.0-A2

644 PDT(Ml)=PD;}S CONTINUESPRINT 89,Y,(PDT(JUB),U8=},9)
656 89 FORMAT (FTe2,1X59F643)

660 6 CONTINUE

678 STOPIEND ,

682 FUNCTION FACI(NS,M,IA)

699 NaM-]la

189 P =y,

710 DO 1o I = },N

120 18P = P#lNS~1¢1)/1

A 5 SN AR et et st et 000 s

730 FACY = p
740 IF(M +EQ. IAXFACH = 1},
758  RETURN ;
768  END :
770 FUNCTION FAC2(NS,M,IA) ;
780 N = M :
798 P =},

i 848 DO 1@ I = 1,N

g 819 10 P = Pa(NS-la-1e1)/]
~ 828 FACE = P
838  IF(M +EQ. 3) FACR « §.
848  RETURN o '
858 EnD
1808 SUBROUTINE GACI3.NS.X)
1825 COMMON FAC(088),H(200),6ANR(2,208)
1818 CsALOG(X) )
1220 NMAX@B.#X610431F(NMAX.GT.38) NMAX=30
1830 IMAXSNS+NMAXIXNa2].5eX
1828 D0 10 Iwl,IMAXIAwl-}
1OS8 18 HCI)-tAeC-X-FACCI) INSmi . @
{968 DO 808 Is1,NSIGAMZ(IJ, ) )ed.

3 1970 ads;

1968 IF(XN.GT.G2) GOTO 89

1999 JeleisdfmienAX~} JHB=H( J) 1GANSS .
1188 DO 38 Keo, Nt

. 1119 CHimH(K) =HB I IFCABS(H1)4GT.$8.) GOTO 3@
: 1128 GAN=GAN+EXP (K1)

1138 GAMR(I3,1,=ALOBCGAM) +H8

1148 32 CONTINUEIGO TO 28

1150 8@ IF(ABStH(1)>.51.58.) GOTO 28
1168 HSwHS-EXP(H{l))

1170 GAMR(13,1)=ALOG(HS)

1180 22 CONTINUEIRETURNSEND
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