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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 (Moving Target Indicator) mode
will be considered for the case when the received target signal Is corrupted by white Gaussian noise only. The MT1
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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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 rcan and
coherent Ml'! mode when the signal is corrupted by thermal noise only. The signal-to-noise ratio that is required for
various detection probabilities will bo 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 the probability that thi received signal crosses a set threshold
in at least one of the beams, adjacent or'otherwise. This detection criteria anplles to all three modes of operation.

For ate scan mode all six pulses per beam position, each three at an independent center freiquency, are roceived
through separately tuned receivers, square law detected, and integrated. The sum of thewe six pulses represents a
variable which is tested against a threshold and accepted or rejected as a target.

For the cohotent M1It mode, six pulses are transmnitted per beam position, each thri~~a an indeoeldent center
frequency, These are received thro'igh two receiver 'hannels each tuned. to tile appropriae Centel frequeflcy. LFaci
g8uiP of three rectlvod pulses are video detected, i.e., down convenied to zero IF, passed thtrough a three-pulW

channmis art added and this suni is tested against the' threshold. The adjacent boam operate,, !0 like manner excc-pt

the Pvofn thelind puspeds isdifcerent and the center-frequencies are also different. Th dfovmet lIRI has tho tffect
of ~ ~ ~ ~ ~ ~ ~~b oviigbidsed ic ietre ilawy per intile vsab 1 o rtion of thes oupeumni-ts 103 n of the wo ie

Whe th wondraserwai t~esplace, !hv PRF and frequency occur at alternate beani psittions. The wcamilng

Ica Mwead h ohent UTI tuode ate oach. evaluated and A ýcotip tit;n

oIn d ,rpotth folie ofth lsaino t valkthereL 4 1p) inrsefhM1m41fhreee

* Thee aL pule~ ae *ac square l A ls d tectd nd W hadc h) Istipa es Therfntie of asme M-o bno& if~n d, s 1o rot-
dpy ~wrxe y. to hus~c daewch i bea ostho th ve iqhan tota o bsquidatulw eetedpv signail, w-,n"11 N on. w ,Th
picdm ANde INt P~ARl~ saples. thle inpro hilt densityl fnton fteouptvrabe .an h rbaiiy

deeWon slgJI enveugdw %nappnd A.e

* Whe sn. ba the targetn it ol ocatin d an ewtin a emwtheunmdwe u4atiWV u itfor c pof iltywon irethiveth eas oe rleac
JVW thonin pulo ate Wea Netermn lawcmoit! detecutsdvdoiontegobabe4 by,* flsst haud o tw aiin twe onifts onal4
Srobaiy Ott dte tctin Thhe targt b neteam p osf give as a t ts) ofeox articulaw atarete %*lo catin. e t twe oeae

detectloni probaiveity Apeduoaix ii oA ios bntecvag.Ticabeo. eyfetleybdermn

the 'detetion putbability atteach of rsa (10) poins witn the ulutrageo wesia orgehouinPurI
andavtrqftn the reults.

*A SwuigCas I targt imi a tiy fluctuatinig ftyleig dhttbued tetumn
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Averagilng over the scain triangular sector

10

where the pdf of target location is assumed to be discretely uniformly distfibuted.

CO'MPUITUR RE SULTS FOR SCAN MOI)E

In computing the position and beam dependent probabilities of detection the amplitude weighting factors
t2A(i), GB), .... and GL(i) for position i and beam A, B, . . . and L, respectively, were provided by the contractor,
Raytheon and are shown listed in Table I. In the scan mode beanis E, F, G, and tl are redundant in space coverage
but ocoiur one-half second later. Iotiuation (2) was computed for the values of false alarm and signal-to-noise ratio
in dB as indicated. Several beaim combin.-itions are shown. The values are given in Tables II through IV. 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 MUI 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.

v/ELOCITY DEPENDENT SIGNAL ON BEAM CENTER

The received signal is assumed to be a Swerling Case I waveform with the further condition that a random bit
correlated phase is present front pulse to pulse in any three pulse bu;.ts. The phase is modulated by the target radial
velocity. The signal is corrupted by white Gaussian noise with power spectral density No/2.

For a single pulse the RE received signal may be written[ Il.

Ill: r(,t)=v Vfz. 'rcct. iCos IWO + wd) t + 01+ w(t) (3-A)
Tt

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

110: r(W) = w(t) (3-B)

when there is no target present.

We knew that for a Swerlh:g Case I target the amplitude v in Equation (3) has a Rayleigh distribution and the
phase 0 lhas a uniform distribution. The function

Srect (3)

corresponds to the waveform envelope and is normalized so that the energy in the received signal is v2 . The quantities
wo and wd r,.present the RF center frequency and the doppler frequency, respectively, and the function w(t) is white
(;aussian noise present in the receiver.

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



S Ir

r° - r(t)V cos wotdt (4-A)

0

giving

Hj: ro=vCOS0+no:wd r<< I (4-B)

HO: re = n0

It can be shown [21 that when v is Rayleigh with E v2 ] O 2 and when the noise 11 w(t) I is Rayleigh with
E I wt 1 = No then v cos 0 is Gaussian with variance g 2 and n. is Gaussian with variance N,/2. Since w(t) is a
nai row band white Gaussian process with powe.- spectral density Nod2, the envelope I w(t) I is Rayleigh with
E 1 1w2 1]=No.

It also can be shown that the preceding pulse takes on the foim

r.I v cos (-wdT + 0) + n.T (4-C)

and the preceding pulse

r I v cos (wd T + 0) + nT (4-D)

The variables n.T, no, nT are each independent.

When each variable ri occurring at time it is fed through the three-pulse canceller having an impulse response

.h() -8(r + T) + 2.S(r) - 6(r - T) (4)

then the resulting variable at the output of the canceller at the time the last variable tI is feeding the input can be
A. written

1H 1 ;: r4 sin2, (wT) vcosO-.tuT+ 2 no-nT

FH0 : r -n.T + 2no%- t4T

where the noise terms may be grouped into a single term, n, with variance 3N, and the variance of the signal at the
output of the canceller is 16 sin4 (wdTI2) 02 Both these terms are zero mean Gaussian random variables.

_ " r" the system u;Aier analysis the output of the canceller is gated on during the interpulse period immediately
: foloJwing the 4Idrdj-iput pulse. Therefore the obser,,d variable under each hypothesis is zero mean Gausslan with

P';a& follows

I(6-A)
I/ IF j 2a1 /

Pr'H U(RIHO) I exp -(6-B)

I.I :/'{• . " "

Y{.I
•!.. 4



•, o = lI sin 41 (-.-;-) "s" 4 3N 0

H) Sill. 3N3N

n*0 0

and o.- is the mean square signal returned from the target scatterer in one Gaussian channel, (v cos 0). This channel
will also be referred to as the '- Only" channel, as shown in Figure 2.

-i

7 c Cos (001

Figure 2. "1 Only" Receive Channel

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

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

The channel shown 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 I 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 I and three for 12, respectively,
at a particular interpulse interval, TA.

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

After applying the test statistics, VA, to a threshold and thereafter to a scope, a second statistic, V., processed in
all identical fashion from two other MTI channels having different independent frequencies and a different interpulse
interval, TI:, is also thresholded 0.5 seconds later. Trhis 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
scope if either VA or VI. or both are above the threshold. (See Figure 4.)

5
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DERIVAIION OF SIGNAL-TO-NOISE FOR GIVEN PROBABILITY OF DETECTION

1-t us start the derivation with the probability density function of the gated output from the canceller,
equation 6. After performing the tranaformations appropriate for the block diagrams of Figure 3, we have the
probability density function of Qi, (the details of this analysis are found in Appendix B) is

__IwII R UH1 exp I-efj(7-A)P£1 ~~ ~ 1¢dH £ ndH)v~ 4012• 2oa•

PqI) O1d, Hl(22l d, Hl) . exp 2(7-D)
2u12 2 4"j

pQ-j I d, Ii0l1(2~ld, H 1)= _• exp - 32 + V• exp i

2" (h3 -1> erf (->I.

3 1) rf Q3(7-C)

< ith sign , HIesent1Wd-"thxp i. 2

wihsignal present. Wher the signal is not present

P2, I io (1 He) PR•)- PQ d HI 0 , (3)

Equation (8) was writtrn in this form to %a,. space since it is identical to Equation (7) except that ao is substituted
for at;

As is well known thfe probability-of false alarm is denveu[I] by the follnwing

CIO•iPFi = Pi I He (2i I He) d~i (9)

EXAMPLE: THRESHOLD COMPUTATION:

For each of the four cases we set PF, E equal to 5 x I0"7 iniorder to obtaip a faise alarm probability at the
scope of 10-6. From Figure 4 we see thai'at the scope.

PF = PFA + PFE - PIA "FE 2PFA (10)

when

S0 < PFA PFE < <I
Evaluating the Integral in (9) for each of the four cases, substituting for o0, and setting the PF. equal to 5 x 10-7,

for example, we have

7
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2 erfc I - i- ~5x 10-7  (11I-A)

2(113B)

ex ~ 2%~N I2~~~ ii1e5 ix

6N0  6 0  1-)

7.30 0

YI 7.3 V/Wo(12-A)

y2 29 x3N. 12-3

-13 8- V((12-C)

y4 35 x3N0  12D

Returninig to our discussion we may use these threshold' ties and the probability density function of (12D
Equation (7) to evaluate the probability of detection of each of the models in Figure 3 !hrough the integral.

Pi Ri > ^il d, 1)P.QiA I WdHl(ViA'ad HI) d~iA (3

where the subscript A devotes the particular choice of interpulse period TA or TE of which the variance o I2 is a
function.

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

PlQMA > (I H ler 2  (4-A)
~i W~d,1 201

~Y22

I~d~)x p2)73 [Virn rf + x 732

P3 (Q3A > e -- erf 4op- 14
73 )d 21 2l2

P4 (24A> 14 Wd, H I (-4 + lexp(1 )
2012 7, 2



N Equation (14) is the- probability that the signal, derived from the six received pulses of period TA and present at
the output 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 wd. When the six pulses having period TE are also applied to the
and/or circuit of Figure 4 the overall probability of detection for all twelve pulses and for a particular od is

PIi 1od Pi( [iA>Y U 2 iE>y'i 11od, HIl) (15)

=Pi (QiA > 7i Iced, Ii1)+ Pi(iiE > fi I od, H1) Pi( I -iA> 7uilf ] iE > 7i 11 u)d, H1)

Since the events QiA > yi and Qi E > -i 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 1d

PDi J Pi[£iA>'Yi] U[£iE>'Yilcd,Hl)P dIHIl (dIHlI)ddw (16)
Eld

Where Pwd I H I (od I H 1) is the probability density function of the doppler frequency '0 d and integration is over
the range of wd.

COMPOSITE DETECTION PROBABILITY OVER POSITION AND VELOCITY
Thus far we have derived the expressions for the conditional 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. Thedetection probability of Equation (16) is compo.•te over target velocity and is conditional only on beam center.These expressions may be applied 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, Tk. We also may assume that the target is located at a common but
random position, 0, within the beams' coverage. Now defining a detection as constituting a hit in one or more of K
beams we have for the conditional detection probability of a particular receiver case

PI(QA>7>) (B>0 U '...( QLK>Y) tod, H I=

I I -[ iP(QA>Y , HI) [I *P(9B>Y I*l) * .... I P (LK > I w,(d,ltt)1 (17)
(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 beeni omitted. It Is amumod thdi he signal and noise received from each
beam A, B, C,... LK is uncorrolated and thorefore Independent.

The composite probability of detection for all K beam positions is therefore obtained by averaging Equation (17)
with respect to Oand wjl

PI P[(RA>10 U 011>10 U > 11 d lHl dPd0 wd I1H

9



Since the target position, •, within the beams is independent of velocity, Wid, w'. may write
I P (0, wdI H i) = P(0{ H 1) P (w°d I H 1).

Equation (18) Is the average probability of detection for the coherent MTI mode. The averaging is over the
Sspatial' coverage and over the target velocity. This equation also considers a detection when the processed signal

* crosses the threshold in beam A or beam 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, TA, TB, TC . .. TLK.
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 also 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 function at ten equally spaced
poims within the triangle.

10
:•":J;•"!P(O I{HI) 6 E 8(0- 0j) (19)

,,10

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

to

S1H1) 6 (wd wdP (20)
101

Each of the density functions on the right side of Equation (11) are.evaluated first giving

Beam A: P(VA > '1, widl, HI)

R (k >,y I odi, H1) T TA .- IVDIIA

"JA52  10.- GA(/) u 2

Beam B: P (QB > I w/, l, H 1)

P (R >Y I wdl,H 1) T T8 =PDt#D
GH(J) 02

Beam .L

:._iiJ•"i:P.Q >( -Y I wdl, Hld T- T TL =P/L (21)
Vt-.)

0ý21Lu 10 =0(f 0 s

10
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The middle part of equation (2 1) is taken from Equation (14) where 0. 1i A, the target amplitude, is substituted for
as 2 in the definition for a 12, following Equation (6-B). GA(j) 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(]) were
provided by the contractor, Raytheon, and are shown listed in Table 1.

From Equation (21) one can see that for each value Of PDI/Lk the variance under Hl1, u12, (as defined under
equation (6) and appearing in equation (14) for detection probability) Is dependent on beam position, PRF,, Target
location, and velocity. Beam Position and PRE dependence is lumped together through Equation (17) which is
repeated here in modified form.

PDii (Ali K Beams) I -(I NDjA) (1 P DI/B) . . I jLK) (22)

Target Location is averaged out by performing the integration indicated in Equation (18) with respect too~.

DA"L F Ii (K Beams) 10 Dji (K Beams) (23)

Finally, Velocity Depe~ndence is averaged out by a similar integration on PlDI.

PID (K Beams) - . Dl(Bem)24
10 F1( em)(4

The values used for the antenna beam -- target location twvo-way gain, GLJ) are given in Table [ for the four
beams shown in Figure 1. The values for target velocity used to compute the doppler frequency, odi, range from

*105 knots to 195 knots in 10 knot Intervals. This is considered a typical velocity range for a landing radar and spans
at lastonespocralPR'Interval. Therefore, averaging over a larger velocity range would give the same result.

Tables VII through XVI give the probablity of detection, Equ~tlon (23), f~r different values of target ..

signal-to-noise ratios (referenced to targot on beam center) and at different target velocities. Also #iWen is the.
** detection probability averaged over velocity, Equation (24). False, alarm probablrity is 10-5. Two PRFs word assumed.

and arc indicated by T1 Iand TZ. The bearn-targot location characteristics used are as follows for each designated
beam.

BEAM *TWO-WAY GAIN PRF

.. A GAY) *T 1

C GC(j)$

..E * A(f) T

F 68(1)
G - I 1/2 wiftd

CI Ga

Ti'



As indicated 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*5 per beam position

71=6.46 -,3N/'o

Y'2 = 23.0 x 3No

73 =7.32 3NO

4 =28.4 x 3N.

The values for wdi corresponding to target radial velocities between 100 and 200 knots were obtained from the
•' it •relation

, ,.vf,/C

1 I9 4 vk

where v is target velocity, C is the velocity of light, to is the carrier frequency, 9,01 GHz and Vk is target velocity in
knots (nautical miles per hour).

Since the storage time of the scope is not known, the anlaysis was not carried out tfr more than I second, I.e.,
Sone complete round of looks, 2 scans.

Tables XVII through XX give the probability0f detection for the target located at the center of beams A and E.
* "The other heanms are not considered.for onrcenter performance in Computing the data in Tables XVII through XX.

Tables XIX and XX are presented in a different format thau the preceding tables. At the top of each group ofSdata a sigfiairto-nolsd ratio Is given as at direct power ratio (not in dB) followed by the receiver cawe being considered..

-The false alarm probability which appears on each page of data is the overall value for the two beams /A4E, I.e.,
f one beanm Pp is 5 xl The first column of values reprisent the target velocity In kiots; the second and third

column of values denote the detection pr,,bablities 4% Beam A and Deawitt respectively. Equatiot (14); the fourth.
* column denotes probability in either of the two beams, Equation (15); and the average psobability at the botto.i "

* • of-each group of data denotcý, averaging only over veloity. Equation (16).

,As expected, for I and Q processing a marked improvement Is obtained as compared for I processing only with

all ptobabilities of detection analyzed. The niprovernent is brought about by iitegtition gain and divitrsity gain
when going from the independent channels of "I Only" to twice as many Independent. chlamnisof I and Q each.

,.:::., ..The. Improemient in the itquired signal-to-noise ratio for tive particuhr average detecttio probability icai bo seen by
comparing cae I or 2 with tables. This in ge l grement with the literaturet3 41 for video.-aw> ... • of thetale. hCa.38et•en~

.:ntegritien of the two Independent pulss versus video integration of four independent pulses. (NIote thatonO video
nthegimrovmn t of the* twuodsintnie ai o thpanitleaerg deecio Crbblt -:onho vieonb

.. tected pulse must consist of two Independent Gaussian components.)

" AAt expected|l the tables also show a slht hIprovement for square law detection, 2 and 4. comlnpaed to
* e V detecti, 1: and 3.

I. '. . • - ,- .

*!Tab.sl XXY and YXI ummize the results of rhs analyr

. The values of SIN for a dsloe beam centot (unity weiliting) obtained by Ward( 6 1 using Barton[71 diffeted
sightly from those obtaiedt utfsi Appendix A of tlts iet.ott This difference is maintained after averaging the
detection ptobiblity ove all tenpolals of thi coverage tWiangle in Bteam A and/o Bea= B. These values ae shown
.. Tabe XX!.



In Table XXII It can b.d seen that failure to average the detection probability over velocity or beanm coverage
results in optimistic values for signal-to-noise ratio. For example, there is approximately a 4.04dB difference between
the MTI values obtained by Ward using an average velocity and those computed herein for Beams A and/or B, (AUB)
(A union B). There is also a difference of about 2.60dB in signal-to-noise ratio for beams AUE, on center as
compared to targetposition averaging butin this canasimilar differenceis realized in the suanmode and so the
MTI loss is unchanged.

The last set of conditions in Table XXII 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 over beam coverage and over velocity. The MTI loss for false alarm probability of Hr per beam and. overall
;4ýdeectonprobability of 75% is 8.0 dB for 12 only MTI and 4.9 dB for 12 + Q2 MI

.4M'
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TABLE 1 
D8ANTENNA BEAM -- TARGET LOCATION TWO WAY GAINCD

-GA(1)=.08 (3B(1)=10.66 GC(1)=l0.80 GD(l)z21*00
GA(2)u00*7A GB(2)in 8.26 GC(2)0 8.40 GD(2)116.30
GA(3)= 2.40 GBC3)L 6.90 GC(3)w 6.80 G()n13
6AC4)m 4.66 68(4)w 6.02 GC(4)u 6.00 GDC4),, 7.20
GA(5)u 0.46 GBC5)= 7.94 GC(5)U11.00 GD(5)=18.40
GA(6)= 1.62 GB(6)u 6. 12 Gc(6)w 9.20 GD(6)=13.S0
GAC7W= 3.46 68(7)2 4.96 GC(7)x' 8.00 GDC7)v 9.50
GA(S)n 1.20 68(8)m 4.78 GC(8)=11.80 GD(5)=16.40
GA(9)= 2.70 GBC9)= 4.24 GC(9)zi0.I0 GD(9)=11*80

GA(10)v 2.30 68(10)2 3-84 GC(l0).12.80 GD(10)=14o48-- - ------------------------------------------

N I15



TABLL II

I)ETUCTIO, PROBABILITY FOP SCAN NODL

';a, •umher A

False Alarm Probability

10-3 10-4 1O-5 10-6 10-f

5/N RATIO 16.45 19.55 22.53 25.41 28.22
2.10 0.2208 0.1331 0.0810 0. 0499 0.0310
2.20 0.2282 0. 1390 0.0854 0.0531 0.0333
2.30 0.2358 0.1450 0.0900 0,0565 0.0358
2.40 0.2435 0.1513 0.0948 0.0600 0.0383
2.50 0,2514 0.1577 0.0997 0.0637 0.0410
2.60 0.2593 091(j2 O.1048 0.0676 0.0439
2,70 0.2674 0.1710 0.1101 0.0716 0.0469
2.80 0.2757 0.1779 0.1156 0.0758 0.0501

2.90 0.2840 0.1849 0.1212 0.0802 0.0534
3.00 0.2925 0*1922 0.1270 0.0847 0.0569

3.10 0.3010 0.1996 0.1331 0.0895 0.0606
3.20 0.3097 0.2071 0.1393 0.0944 0.0644

3.30 0.3185 0.2148 0.1456 0.0995 0.0684
3.40 0.3274 0.2227 0.1522 0.1048 0.0726

3.50 0,3363 0,2307 0,1589 0.1103 0.0770

3*60 0*3454 0.2389 0.1659 0.1160 0*0816
3.70 0.3545 0.2472 0.1730 0*1218 0*0863
3*80 0.3637 0.2556 0*1802 0.1279 0.0912
3.90 0*3730 0.2642 0* 1877 0.1341 0*0964

4*.00 0*3823 0.2727 0*1953 0.1406 0.101-
4.10 0.3917 0,2817 0,2031 0,1472 0.1072

4.20 0,4011 0.2906 0.2110 0,1540 0.1129

4.30 0,4106 0.2997 0,219.1 0.1610 0,1188

4.40 0.4201 0.3088 0.2274 0.1682 091249

4.5e 0.4296 0.3181 0.2358 0.1756 0.1312

4.60 0. 4392 0.3274 0.2444 0-1831 0,1377

4.70 0.4488 0.3369 0.2531 0.1909 0.1444

4*80 0.4584 0.3464 092619 0.1988 0.1513
4.90 0,4680 0.3560 0.2709 0o2068 0.1584

5.00 0.4776 0.3656 0.2800 0.2151 0.1656

5.10 0,4572 0.3754 0.2892 0. 2235 0.1731
5.20 0.4968 0.3852 0.2985 0.2320 0.1807

5.30 0.5064 0.3950 0.3080 0.2407 0.1886
5.40 0.5159 0.4049 0.3175 0.2496 001966

5.50 095254 0.4148 0o3272 0,2586 0.2047

o5.60 0.5349 0.4247 0*3369 0*2677 0.2131

507• 6*5444 0.4347 0,3467 0*2770 0-2216

5*86 095538 9.4447 6.3566 9*.063 .ae363
5.96 6.5631 6.4547 @.3665 6. 29S 8*.391

10
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TABLL II (Continued)

[.t.'1 lCT ION PROBA[ ILITY FOR SCAN M.OUE

",, .~ ','h uiubo r A

= 3. ' = 2

Fdlse Alarm Probability

S/N Patio 1-3 10-4 O1-5 -6 10-7

6.00 0.5724 0.4647 0.3766 0.3055 0.2481

6.10 0.5816 0.4746 0.3866 0.3152 0.2572

6.20 0. 5908 0.4846 0.3967 0.3250 0.2665

6.30 0.5999 0.4946 0.4069 0.3349 0.2758

6.40 0.6089 0.5045 0.4171 0.3449 0.2854

6.50 0.6178 0.5144 0.4272, 0.3549 0.2950

6.60 0.6266 0.5242 0.4375 0.3651 0.3047

6.70 0.6354 0.5341 0.4477 0.33753 0.3146

6.80 0.6441 0.5438 0.4579 0.3855 0.3246

6.90 0.6526 0.5535 0.4681 0.3958 0.3346

7ý30 0.6611 0.5632 0,,4784 0.4061 0.3447

7.10 0. 6 6Q4 0.5728 0.4885 0.4165 0.3549

7.20 0.6777 0.5823 0.4987 0.4268 0.3652

7.30 0.6858 0.5917 0.5088 0.4372 0.3755

7.40 0.6939 0.6010 0.5189 0.4476 0o3859

7.50 0.7018 0.6103 0.5290 0.4580 0.3963

7.60 0.7096 0.6195 0.5390 0.4684 0.4067

7.70 0.7172 0.6285 0.5489 0.4787 0.4172

7.80 0.7248 0.6375 0.5588 0.4891 0.4277

7.90 0.7322 0.6464 0.5686 0.4994 0.4382

8.00 0.7395 0.6551 0.5783 0.5097 0.4487

8.10 0.7467 0.6638 0.5879 0.5199 0.4592

8.20 0.7538 0.6723 0.5975 0.5301 0.4697

8.30 0.7607 0.6807 0.6069 0.5402 0.4802

8-40 0.7675 0.6890 0.6163 0.5502 0.4907

8.50 0.7741 0.6972 0.6255 0.5602 0.5011

8.60 0.7807 0.7053 0.6347 0.5701 0.5114

8.70 0.7871 0.7132 0.6437 ON.5800 0.5218

8.80 0.7933 0. 7210 0.6527 0.5897 0.5320

8.90 0.7995 0.7286 0.6615 0.5993 0.5422

9.00 0.8055 0. 7361 0.6702 0.6089 0.5524

9.10 0.8114 0.7435 0.6788 0.6183 0.5624

9.29 0.8171 0.7508 0.6872 0.6277 0.5724

9.30 0.8227 0. 7579 0.6955 0.6369 0.5823

9.40 0.8282 0.7649 0. 7037 0. 6460 0.5921

9.50 0.8336 0.7717 0.7118 0.6550 0.6018

9.60 0.8388 0.7784 0.7197 0.6639 0.6114

9.70 0.8439 0.7850 0.7275 0.6727 0.6209

9.80 0.8489 0.7914 0.7351 0.6813 0.6303

9.90 0.8538 0.7977 0.7426 0.6898 0.6396

I'



TABLE II (Continued)

DETECTION PROBABILITY FOR SCAN MODE

Beam Number A

N:3 M 2

False Alarm Probability

S/N IPatio I0- 10-s 0.6 10.-

10.00 0.8585 0#8039 0.7500 0. 6981 0. 6487
10. 10 0.8631 008099 0.7572 0.7064 0.6578
10*g20 88676 0.8158 0.7643 0,0144 0#6667
10,30 9*8TU- 0.8215 0.7712 0.7224 0.6755
10.40 0.8762 0.8271 0. 7780 0.7302 0.6841
10. 50 0°8804 0.8326 0, 7847 0. 7379 0.6926
10. 60 0.8844 0*8379 0.7912 g. 7454 e.10
10.70 0.8883 0.8431 0.7975 0. 7527 e. 7092
10.80 0.8921 0.8482 0-8038 0.7600 0.7173
10.90 068158 0,8531 0.8098 0o 7671 g° 7253
11.0e 0.8994 0.8580 M-8158 0.7740 0t 7331

0 ,t9029 0*862.0 J.821 6 0-7808 0.7407
11.PO 0.9063 0,8672 0.8272 0.7874 0.7482
11.3I 0.9096 0.8717 0.8328 0.7939 0,7556
1'•.40 0.9128 0,,8760 0*8:3 1 0°803 0.7628
11.50 0.9159 0,8802 0,8434 0.8065 0.7699
11.60 0.9189 0,8843 0,8485 00,125 0.7768
11.70 t.9P18 0.8882 0.8535 0.8184 0. 7835
11980 0.9246 0.8921 008583 008242 0.7902
11.90 0.9273 0.- 58 08631 0.8299 0.7966
12.0@ 0.9300 0.8995 0.8676 0g8353 0.8030

k
I..1

*1
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TABLE III-

DETECTION PROBABILITY FOR SCAN MODE

Be..n Numbers A and 8

N 3 M 2

False Alann. Probability

- " - I ]

S/N Ratio 1 0-__3 O__ O-5 0-_6 10-7

1 6.45 19.55 22,53 25,41 28,o22.10 0.2543 0.1468 0.0865 0.0521 0.03192.20 0.2631 0.153), o $e913 0-0555 0,:0343
2.30 23.2720 0-1604 0.0964 0.0591 0. 03692.40 0.2811 0.1675 0.1016 2*0629 0.,0396•- 2.50 0.2903 0.1748 0.1070 0.0668 1.b 04242.60 O.2997 0. 1823 0 I1127 0* 0710 0.04542.70 0*3093 0.1900 0.1185 0o0753 0.8486
2.80 0.3190 0.1979 0.1246 0.0798 0.05192,90 0,3287 0.2061 0.1309 0, 0846 0.05543*00 0.3389 0.2144 0*1374 0*0895 0,059!3.10 043491 0.2230 091441 00*947 0,95630
3.20 0..3594 0.2317 0.1511 0*1000 0.06713.30 0.3698 0*2407 IN 1582 0. 5"6 0.0714
3*40 0,33803 0.2498 .1 656 0.1114 0-o0759
3.50 0.3909 0*2592 0.1733 0.1174 0.08063* 6k* 0.4017 00268? 06.1811 0.237 0*08553.70 034125 0g2784 10.1892 0.1302 0.0906

"0,4234 Ou2883 101975 0,1369 0.09593.90 0.4344 0. 2983 0.2060 0.1431 , 0.1015
4,00 0.4454 0a 3686 092147 O.i1 51 O I e1l72
4.10 0.4565 0.3190 04.223 6 0.1584 0.1132

4.930 0047861 0*3402 3P421 0215739 0.1260
4 45.0 094901 0.3510 0,325137 0,1820 01327
4I.50 ,5014 0.3620 O,,2615 0.1903 0.1396i•!4o66 0.5127 0*:ý731 0,P2714 0. 1989 9. 1468

S4,70 0,5239 0* 3843 0,281 6 0-.2076 g, 15 42S4*818 0t,359 0.3956 0*,2919 gOee1 66 9,. 1619
! 4 90*.5464 0*.40g79 G,,3024 0. 2259 O. 1 690S5.0 0*e.5576 0. 4194 0*3131 0, 2353 Of 1779



TAI;LE III (Continued)

DIt7[ CTI ON PIROL;ABILITY FOR SCAN MOEL

NXW !4umb)'rs A and B

;, 3 ",=2

False Alanu ProLability

.S! P.ttio 10-3 lO- 10-s 10-6 10-7

5.10 0.5688 0.4300 0. 3239 0.2450 0.1863

5.P0 0.5800 0.4416 0.3349 0.2548 0. 1949

5.30 0.5910 0.4533 0.3460 0.2649 0.2037
5.40 0.6021 0.4650 0,,3573 0. 2752 0.2128
5.50 0.6130 0.4768 0.3687 0.2856 0.2221
5.60 0.6239 0.4886 0.3802 0.2963 0.2316

5.70 0.6346 0.5004 0.3918 0.3071 0.2414
5.80 076453 0.5122 0.4036 0.3181 0.2513

5.90 0.6558 0.5240 0. 4154 0.3292 0.2615
6.00 0.6663 0.5358 0.4273 0.3405 0.2719
6.10 0.6766 0.5476 054392 0.3520 0.2824
6.20 0.6868 0.5593 0.4513 0.3635 0.2932
6.30 0.6968 0.5709 0.4633 0.3752 093041
6.40 0.7067 0.5825 0.4754 0.3871 0.3152
7650 0.7165 0.5941 0.4875 0. 3990 0.3265
6.60 0,7261 0.6055 0,4997 0.4110 0.3380
6.70 0.7355 0.6169 0-5118 0.4231 0.3495
6.80 0.7447 0.6291 0.5239 0.4353 043613
6.90 0.7538 076393 0.5360 0.4475 043731
7.00 0.7627 0.6503 0,5481 0.4598 0.3851
7.10 0.7714 0.6612 0.5601 054721 0.3971
7.20 0.7800 0.6720 0.5720 0.4844 0. 4093

7.30 0.7833 076826 0.5839 0.4967 0.4215
7.40 0.7965 076930 0.5957 0.5091 0.4339
7.50 0.8044 0,7034 0.6074 0.5214 0.4462
7.60 0.86122 0.7135 0.6190 0.5337 0.4587
7.70 0.8198 0.7234 0.6305 0,5459 0.4711
7.80 0.8271 0.7332 0.6419 0.5582 0.4836
7.90 0.8743 0.7429 0.6531 0.5703 .54961

8.00 0.8412 007522 0.6642 0.5824 0.5086
8.10 0.8480 0.7615 0.6751 0.5944 0.5210
8.20 0.8546 0.7705 0-6859 0.6063 0.5335
6-3W 0.8609 0.7793 0.6966 0.6181 0.5459
d3.40 0.8671 0.7879 0.7070 0.6297 0. 5582
8.50 0.8731 0.7963 0. 7173 0.6413 0.5705
8.60 0.8,163 0.8045 0.7274 0.6527 0.5827
9.70 0.8844 0.8125 0.7373 0.6639 0.59483
8.80 0.8989 0.8202 0.7470 0.6750 0.6069
8-90 0.8950 0.8278 0.7565 0.6860 Oe 61RR

'1)



TABLE III (Continued)

DETECTION PROBABILITY FOR SCAN MODE

Beam Numbers A and B

N 3 M =2

False Alarm Probability

S/1Rai 0-3 10-4 10-5 10-6 10-7
'S/ Ratio OlOlO

9.00 0.99000 08351 0. 7658 0.6968 0,6306
9.10 0.9048 0.8422 O. 7748 0. 7073 0. 6422
9.20 0.9095 0,8491 0.7837 0, 7177 0.6537
9.30 0.9139 0.8558 0. 7924 0.7280 0.6651
9.40 0.9182 0.8623 0.8008 0.7380 0.6763
9.50 099224 0.8686 0.8690 0.7478 0.6873
9.60 0.9263 0.8746 0.8170 0.7574 0,6981
9.70 0.9301 08,805 0.8248 0, 7668 0.7088
9,80 0.9338 08,861 .8,323 0.7759 0.7193
9.90 0.9372 0.8916 0.8396 0s 7849 0,7296

16086 0.9406 0,8968 0*8467 0. 7936 0* 7396
19.19 0* 9438 0.9019 0e8536 0.8021 0.7495
10.20 0.9468 0.9067 0.8602 0.8103 0* 7591
16.30 0.9497 0.9114 0.8667 8"8184 0.7685
10.40 0.9525 0.9159 0.8729 0.8262 0.7777
10. 50 09551 0.9202 0*8789 0.8338 0.7867
10. 66 0.9576 0.9243 0.8847 0.8411 0.7955
10.,701 0 ,9600 0 ,9283 0,8902 0 ,8482 0.8040
10.80 0.9623 0.9321 0,8956 0,8551 0.8123
10.90 0.9645 0.9357 0.9008 0,8618 0.8203
1.00 00.9666 0.9392 0.9057 0.8682 0.8281

11.10 0,9685 0.9425 0.9105 0.8745 0.8357
11-20 0.9704 0.9456 0.9151 0.8805 0.8430
I1.30 0.9721 0.9486 0.9195 0.8862 9.8502
11.40 0.9738 0.9515 0.9237 0.8918 0.8570
S1150 0.9754 0.9542 0.9277 .8S972 0.8637
11.60 0.9769 0.9568 0.9316 0.9023 0.8701
11.70 0.9783 0.9593 0.9352 0.9073 0.8763
11.80 0.9796 0.9617 0.9388 0.9120 0.8823
11.90 0.9809 0.9639 0.9421 0.9166 0.8880
12.00 009821 0.9660 0,9453 0.9209 0.8936

•.71
•*A



TABLE IV

DETECTION~ PROBABILITY FOR SCAN MODE

Beam Numnbers A, B, E, and F

N =3 M =2

False Alarm Probability

Raio103104 0lO0- 1-

S/N RATIO 16.45 19.55 22.53 25.41 28.22
2.10 0.4371 0.2676 0.1630 091002 0.,0622
2.20 0.4498 0,2787 0.1716 0.1065 0.0668
2.30 0.4626 0.2900 001805 0.1132 0o0716
2.40 0.4755 0.3016 0. 189 7 0.1201 0.0766
2.50 0.4855 0.3134 0.1992 0o1273 0-0820
2.60 0.5015 0.3254 0.209LI 0.1348 0.0876.
2.70 0.5146 0.3377 002190 0.1427 00erIA
2.80 0o5277 0.3501 0.2294 0.1508 V
2.90 0o5408 0.o3 628 0.2401 0.1593 041,063
3.00 0.5539 0.3757 0o2511 0* 1681 0*1131

4 -3e10 0*5670 0*3887 0.2623 0.1772 0*1202
3.20 0-5801 0.4019 0.2739 0.1866 0.1276
3.30 0.5931 0.4153 0.2857 091963 0*1354
3.403 0.6061 0.4288 0.297'? 0.2064 0.1435
3.50 0,6190 0.4424 0*3100 002168 0.1519
3.60 0*6318 0*4561 0*3226 0.2274 0.1606
3o70 &.6445 0.4699 0*3354 0.2384 0.1697
3.80 0.6571 do.4838 0#3484 0.12497 0,1791
3.990 9o6696 0.4977 0#3616 0.2613 0*1888
4.00i 0. 6819 0*5117 0.3751 6e2732 0.1988
4. 10 0 o 00 4 01.5257 0.3887 0.2853 0.2092
4.20 0.*7060 0.5397 0.4024 0.2977 0o2199
4.30 0#7177 0.5537 0.4163 0.3104 0.2309
4.40 0,7293 0.5676 0.4304 0.3233 0*2423
4o50 0.7407 0.5815 0.4446 0.3365 0.2539
4.60 0.7518 005953 0*4588 0.3499 0*2658
4.06 0o7627 0.6091 0.4732 0.3635 0927FI
4.80 0o7733 0.6227 0.4876 0.3773 0.2906
4.910 0.7837 0*6362 '3*5020 0.3913 603033
5.00 0.7939 0.6496 0.e5165 0o4054 0#3164



TABLE IV (Continued)

DETECTION PROBABILITY FOR SCAN MODE

Beam Numbers A, B, E, and F

N =3 M= 2

False Alarm Probability

S/N Ratio 10-3 10-4 10"5 10-6 10-7

5.10 .80,38 . 6628 095310 0, 4197 0.3297
5.26 608134 0.6759 8,.5455 0.4341 0.3432
5.33 0,8227 9.6887 0.5599 0. 448 7 0.3569
5.46 908317 0.7014 0.5743 0,4633 0.3709

.5,$9 108405 0.7133 $05886 0.4780 0,3850
3- 60 0.8490 9.7260 - 6.629 0*4928 Oo3994
5 .76 0.8572 0.7386 0.6170 6,5676 0.4138

6*89 08651 6,7497 0.6316 0.5224 .0 4284
.5,90 0.8727 0.7612 0,.6448 -. ,5372 0-4432.

$6,06 0.88600 167724 6.6585 1095519 0.45801
6.10 68,870 0.7633 0,6726 0.5667 6,4729
6.26 6.8937 0.7939 0.6853 805813 0.4879
6.30 0, 9662 0.8042 6. 6984 6.5959 M.5629
6.40 0.9663 0,8142 0- 7112 0. 6163 e-.51 79

6*50 #.9122 808239 0.7238 0.6247 6,5329

66 609178 0.8333 60 7362 0*6388 0.5479

6.76 0.9232 -. 08424 8.7482 8*6529 0*5629

6.86 0.9283 6.8S11 0.7600 0,.6667 6.5778

649 0.9331 S08595 B. 7715 0.6803 0.5926-
7.06 909377 108616 0.7867 0.6937 0.6072
7lot .0.9420 0.8754 S# 1936 0.7o69 0, 6218
7.286 09461 60.88.9 0.8042 0.0198 0-6362
7.36 0.9566 6.8961 *80145 007324 t0.6504

: 7.46 0.9536 608969 80.8244 6.1 448 6* 6645

7.5 96.9S70 0#9834 696349 6*7569 "06783
7.60 609603 0,9097 0.8432 0.7686 0.6919
7,09 009633 6,9156 0.8521 .07861 0,7052

7.80 809661 6.9212 So8607 ? 07912 0,7133
7.96 9*09688 6*9266 6.8690 6,8521 0.7312

N23

• >.+ : '1



TABLE IV (Continued)

DETECTION PROBABILITY FOR ý,AN MODE

Beam Numbers A, B, E, and F
N 3 M :2 ii

3 False Alarm Probability

S/N Ratio 1O0 lO" lO" l0-6 lO"

8. 0 9713 0.9317 0#8769 8.8125 G. 7437
8.16 0.9736 S.9365 0.8844 0.8227 o 75640
8.20 0.9757 0.941 0*.8917 998325 0. 7679
8.30 0.9778 8.9453 0.6986 08*419 .0,7795
8.4A 0.9796 0.9493 0.9652 @e.a516 1.7998
8,50 0.9814 41.9531 0.9114 0.8598 0.8017
8. 60 0.9830 0.9567 0.9174 o8,682 ,08123
8,676 0.9845 9.7600 0.9231 0.8762 0.8226
8,60 00.9858 6.9631 6.9284 0*.8039 S.6325
S8 .90 0.9871 0.9661 0.9335 09.8913 6.8421
9.00 0#9883 S.9688 0.9383 4.8983 008512
9010 0.9893 9.9714 1.09408 0.9056 0.0l601
9.20 6.9903 0.9737 0.9471 6.9! 14 00.686
9.30 6,9912 0.9759 0,9511 0.9174 68,767
9.46 0,9921 0.97890 .9548 0.9231 s.8844
9.56 90.9928 0.9799 6.9583 9. 92886 0.8918
9.66 6.9935 0*.9816 809616 6.9337 .08989
9079 009942 0.9833 9*9647 0.9385. 0.99S6
9.80 6.9947 0*.9848 0.9676 0.9431 So.9120 t
9.90 0*.9953 0.9662 0.97*3 0.9474 0" .9181

1o.o@ 0.9957 0.9874 6.9778 0.9514 8.9238
16.38 9.9969 0.9686 0 9 751 9.9552 0* 9293
""102 80.9966 0.9897 0.9772 0.99S8 7 .9344
10.36 0.9969 0.99106 9.9"?Q 9.9628 0.9393
10.40 0.9972 80991S 009810 0.9651 0.94,18
l @ 10.50 09975 0.9924 0.9827 0.9664 0o9481
19.60 1.9978 9.9931 0.9843 a.9
14.70 ry

24



TABLE V

DETECTION PROBABILITY FOR SCAN MODE

Beam Number A

N u3 M a2 Center (No Beam Averaging)

False Alarm Probability

S/N Ratio 10-3 10-4 10- 10-6 10-7

16.45 19.55 22. 53 25. 41 28.22
2.19' 0* 38 13 0.2646 0.1822 1391252 0.10858
2.20 0.39.14 0*.2740 0.1904 0*.1319 0.9911
2. 30 0.4015 0. 2835 10.1987. 0* 1389 009968
2.40 60.411.6 0.*2932 0.2073 0. 1460 0.10M6
2. 50 0. 4218 0. 3030 0.2160 0. 1535 0.1987
2.60 0. 4320 0.3129 9.2249 0.1611 0.1151
2.70 0.4422 0, 3229 0.2348 0.1689 0.81216.

2tO0.4595 0.3331 0.-2433 001770 -0.1284
2.9o04628 0.-3433 0*2597. 0.1853 i15

3.*00 0.4730 0.3536 8.2623 0* 1938 0*1428
3.10 0.4833 0.3641 6o02720 0.20925 0,1503
3*.20 0.4936 0. 3745 0.2819 0-.2i1 tA at1589
3.30 0. 5038 0.3851 02.2920 St.2210S 0.1660 V
3.40 0,5140 0.3957 0.3021 0.22-98 0*1 ,749
3.5 SO.5 242 0.40963 903124 0.2393 -0614126
-3#60 0.5343 0*47 .28 02489 0t.1912
3.70 Se.5443 0. 4977 0l.3333 6.2587 -0.2061
3.86 0.5544 0.4354 603439 0:2687 -S.' 091

399J6 .*54 *19' *34 898 0:i;2;8SA

A*OlI 72 4-50 G*35- 029) 027
4# 06054 9 76 0372 929 , 37

4*9011-937 o 4113 0*301 0 309 0*247



TABLE V (Continued)

DETECTION4 Pq0BABILITI FOR SCAN 14ODE
Beam Number A

N 3N 2 Center (No Beam Averaging)

False Alarm Probability
Ilk Ratio to 3 10-4 105 10-6 0-

Ow666 0576 0.04860 0.4085 0,34205.20 0*6.652 !0.5857 00.9 64197 0.3531S.30 0.6937 0. 5957 0*.5678 0.4309 0.3643
0*.40 1aa 0,0e665 0.st86 0. 4421 0 3 75 5.5.56 ?.103 0.61.54 0.094 0.453.3 03

5.6 0.164 0.6251 0.400 0.I 14646 635
5.76. ..2 3 . 34.5507 0-4757 0. 40945.667-341 0.6441 0* 5613 10* 4869 0. 42085.96~0 6.48 06534 9*5717- 0.4980 640

6.06~~~~~ 6.43 6626 052 099 0. 44350-1 67566 a. 6711 :0-5023 0.520 0.45496.20 0.7638 666 0.6825 0* 5310 6.6636#.36 -80769 a*6894 0*,619 0*.5418 Se.47766 46 6.7778 0.6980 0.6224 6. 5926 0.48,886.6 .846 of.7#66 096329 0. *5633- 6.59016.6 .79 1 e .1~ ?-I 6. w6418 0.1136 6.5112d.70 0. 7977 0.7230. N.-6S3 bi- 5643. O.5223.6.5 080460 007310. 0.660? f.94 0.5334.6.i .810 ,2 Is*7369 V#6699- 0.,.6049 0.54437000,8162. 0.7466 Ov 6799 0.*5 SSW557.1 Ste221 0- IS42 .0.68801 6.6259 S*.56S9,7.20 6.0278. S 7.616t160.6967 6.6349 -01S7661# 30 6.8334 0.74699 9(.754- 0.6446 0.5S6717. 40 9#6389 0.7760 0.7138 6-6S49 0"5976tSo6,8442 0. 7829 a. 702 So 6636. S#.07976006.494 0.7997 07363 *.6799 0.618607.700844. 0* 963. 0.7383 0.4620 0626187.66f 9.8593 6.8928 8.17461 S0.6010 0.'63867.9 8.8641 606491 0- ?S38 0060995 9.6478.00 6.868? *.siSO 07613 0.1005 096S74

kN



TABLE V (Continued),

,1 DETECTION PROBABILITY FORSCM MODE

Beam Numer A

N -3 M -2 Center (No Beam Averaging)

False Alarm ProbabiIi ty
S/N Ratio 10-4 1015 106 0

40.to 0.8732 0.8212 0.7687 0.7170 0.6668
8.20 0.8776 0.48271 So7759 0.7253 8*6761.30 0.8819 Go.8328 0.89 07335 065
8. 403 08860 8.8384 10,7897 ý0#7415 0.06943

t'4850 0.*8900 0.8438 0-7964 0.7493 0. 703t6.,60 0.8939- 0.8490 0* 8036 0. 75 70 go.71188.70 66,8977 0.654 689 0.76,45 6. 720
g.8 09013 0.85-91 008156 go7:718 .726

8.10.,9049 08 640 0.8216 0*.7790 0.7367
fi Go 9 0.083 008687 go8275 0.7860 O.74-47

9$.10 0o.911'6 So 8732 0*8333 9,.7029 8.72
9.20 094 0.77 0.8380 0*7995 0.76029. 30 644180 a'8~ 0#8443 0.860 *7$7
'9.#40 0.92,10 0.8861 8.8496 10.8124 .0.7750
950o 0'.929" 0.8902. 0.857 @*8IBS 0.7801.

9, 9e * 6 92 7 .0.8941 0.8597 0.82,46 1017 9
0:'9295 0:89-79 @$646 0*8304 8199

9 .90 0.9347 $0405a .0.68739 0.84.17. A.8a090.10-00 41,9371 0.9086 0. 083 0.8471 885

to Ev. 0*9418 0.9152e 0.8868 0.8-574 *8M .30 0.94,40 0-9184 0.8909 0*8624 0.8339 110,40 0.9469 0,991A 048948 q.8a6 72 0.8308.
to1.5 074183 09-943 0.0696 0.8719 a*.0443
1060. 0.9503 G. 9A72 69*023 0*8764 0.*8497.
Iso-IS 18.952 0.9299 0.9059 Ow8es" .0 as4?

6.9 09'$58 0*93St 009197 908892 0.8648
life11.$ 0.9S76 0.937-6 0.9)59 si.8932 0.669611.10 .94992 0.9400 -0,4191 06.897t 0.8742
I - 11.2 0.9 MM 109423 0*9221 0.9048 0.8 787I .1.1#38 0* 962.0 di.944S &.9259 3*9045 416.831
I11.40 609639 00.9467 0.,9279 940689 0 88 72I1 *50 8.9653 10.9487 0.9306* 0.11 891311.60 0.9661 .9*907 0.9332 0.9147 0.69S3
Ii. t1170 .0,9680 11*9526 6093% 0.9179 10.899111.86 0.9693 C*954 G 9.1382 0092)6 0#0628l1.90 O.976S 0.9563 0.9486 so OC39 0.9064

12*6 so.09717 10.980 6o.9 429 0.9268 6.9099



TABLE VI

DETECTION PROBABILITY FOR $CAN MODE

Beam Numbers A and E

N 3 M4 2 Center (No Beam Averaging)

False Alarm Probabi1i-ty

16.45 19.55 22.53 25.41 282
2.10 8 61.672 0*.4592 6,3313 0. 2347 0.6,1641
00 20 G.6296 16.4 729 0.3445 0.0464 0o.1740
2.30 so 64-17 9,4867 So 3"0 0.2534 10.1042

C..2.46 0.6538 0.5004 600371-6 0.270in 0,01947

260 0.6-t2*.s79 6,3992 042-969 692169t -. .70 .0.6869 1.'S41,6 Go*1-32 0.30994 OR2185

.3. 20 01435 0.6086 6e.4944 9*.3718 0.2i911

3.30 0:7538. 0.6219 So.498'7 .3924 034
.Z .6 .68 0663.49 0*5130 G.4866 .0.31.60

3.001736 0,647.5 -0-S279 G 04913 0.3319
3 .60 0.7831 0,66901 G.5414 0. 433im35
3.70 067924 .0*6794 0.5555 O*.4SO 0#.3601
.3.6 608.814 0.Os6846 66-s696 0.4651 t 03745
3.90 0.8i0 o. 69 65 S.563 e.4798 - 9

4el0.01167 0.7062 O'5972 S*.4945 Go 4037
.4.10 008269 0.7197 0* 6106 0.5090 i. 4155

6.6349 k. 73419 0.6243 0.5238 6,4334

4*36 9*9427 ~~~~So71 636 6-83 G40



TABLE VI (Continued)

DETECTION PROBABILITY FOR SCAN MODE

Beam Numbers, A and E

N 3 14. 2 Center (No Beam Averaging)

False Alarm Probability

S/N Ratio 10- ~ 1O 10-5 0' O

5.1 88954 966198 8# 7358 0.65101 0. 567t
5.20g 0.*90909 0.8983 0. 7469 .0.6632 0.5815
So.301 6t.9062 0.*8 365 S*.7517 006761 0.5959
5.40: 0-9119 e-.8444 6. 7683 o. 68688 0.6100
5.5So 0.9161 6*.$21 0*7785 0.10-12 0.-6239
5.60. 0. 9207 0.8594 0#768-S -0-7133 8.6377.U:9 - * 111 3'Ifl If79 If .071 6,80 -.6576

.6,0 S-97 6802 0823 607S99 0* 6904
6.60.948 GS0 88339: 0.76.96 697029

4.3034 0.947S 0.9435 S* a498 0*.79101 10,7911
6. 40 SSA50 6.908s 0.854 907909 .0*736 7
6.50 0.9536 0.91.39 6.6647 0.8093 a..7501

6.O .9 S f4 06.9187 0.8717 :1.8164 0. 7611
6.70 0.99 .23 .74 08972 10*7716
6,,.8 0.09616 0.9277 0.,8849 *063S7 0.71323

7.006973 095 -79273 8.8930 806621
7.70 0.9768 6.,958 3931 6.96 8.8617.8 .62 e.61 095 0-8904 '0.86t91

7.02 6,98t4 0.9636 0093o. 0.8699 .0.8207
8.036 6!-' 9 72 3s 0.94" 0932 0.9137 0.8829

7810 s96.93 092 009465 0*964S 0868-90

@*"30 ~~~.9*96 *4S99 *1ý



TABLE VI (Continued)

DETECTION PROBABILITY FOR SCAN MODE

Beam Numbers A and E

N s14 2Center (No Beam Averaging)

False Alarm Probability

S/N Ratio 103 10-5 10-6 10-7

8. ~ 0.9850 0#9'?01 0. 9498 0.92.46 0.8951
8.938 0-9860 0.9720 0.-9599 0.9290 0*981
a*.40 .0 098 70 0.9739 0*9558 0*9332 0. 9065
8.504 0*9879 So.9756 699S66 0*9372 0.9118
8#.68 0.9887 0.9772 0.9612 0.9410 0.9169
8.70 0.9895 0# 9787 .0.9636 0.09445 0-9217
8.80. 0.9903 0.9802 0.9660 3.9479 0.9263
8*90 0.9909 0.9815 0.9682 0-951.2 0.9307

*9.063 0.9916 0.9827 0. 9702 0*9542- .09348
9.10 009922 0.9839 0 9 722 0.9571 0.9388
9.20 0.9927 0.9850 $09740 OIL9598 0.94.25
9.30 9.9933 0,9861 0.958 09624 0- 946.
9.40@ 0.9938 .0.98-78 01, 74 6.9648 0*.99
9*.50 90.9942 190-9879 6.9789 9"9671 009525
9.68 669946 04.9888 .0-9903 0-09692 C49SSS

* .80.995 0. 9096 0 981 0,9712 8.-95.83
*9.80 0.99.S4 9,9903 6.9829 'a.9731 0.9610

9!. 96 6*9957 0.9910 0.9841 0.9749 18-9635
10060 0.-9960 909917 0*9.9852 0.9766 0.9659
to,.10 095 63 0.9923 0.9862 007182 0.9681
to.o 0.9966 0.9928 0.9872 0-9197
.1 at30 0.9969 0.9933 0.9081 0.9$11 0,9.792
16.040 0:9971 a.9.938 0.988e9 0*.982A S 09740
10.5 So11997a 0.9943 0.9891 0*9834 8.9758
19*.66 0.9917S 0*9947 &.9905 0.*9547 .009714
to-*70 8.997 qqjI .*99 51 0.991.1 .904a8 0 9 189
10#66 .0.9979 0.9955 3*"918 0.9668 10.98k04
10..90 0.9980 0.9958 04992A 0.9877 0*9817
11.00 0.91982 0-9961 909929 so 98fP6 0* 98 30

4 1l .9983 0.9944 0.9935 8.9594 0*.9SA2
11-90 84.9985 6a9967 8.9939 6.9902 0.9853
I1I .30 0.9906 899499 0. 9944 0. 99p9 0.99t6',
11 *40 0.9987 0,9972 0.9949 04991S h .98 73
11-58 00996S 1819914 0.9952 0.9921 00988ý
1-1.60 (*" ,96 09S 0.9729 0. 9910
11-10 0.9990 o~. 9797 0.9950 0-99J33 39
lite" 8.9991 04.9979 ae.99 62 a* 0J8 9. 94e6
11.90 0. 9991 0.9981 0.9965 8.9942 a. 991 p
12. #0.e9992 10.9982 f0.99 67 9.9946 019919



TABLE V11

DETECTION PROBABIIATY FOR COHiERENT MT1 MODE

Beam Numbers A and B T1  1/4010 T2 1/2645

FOR RECEIVER CASE 1

S/N RATIO (08)
VMO'CITY 0. 2. A. 6.0. 10

1050 0.000, 0.000 lee01 0.002 0.806 0,021 0.062
115* 09000 0.001 0.0034 0-012 0.- 03 6 0.088 loot76
125. 0*001 0.1004 00313 0* 0317 0.090 f,180 0.302.
135. 0.0* 0.6*63 .1 #61 0.031 0.078 0*161 0*279

6-- G086 0*001 180.0e 0.006 0,020 0.053 0.'-120
155. 0000 0.00 8000 a,00 INS0 0.018 stS-$*o O 05 1

145. 0.001t 04002 0.008 0.025 &.667 6#1A7 00266
115. 0.*004 4.613. 0. 040. 0.0198 0.196 11.328 0.4?5
IRS, 0.0'a14 00039 0.082 6,172. 0.299 -0.444 00"86
195. 60.614 0.042 $*tot 0.282 0.340 0.496 0.4

*AUW 6*8063. 0010 6.026 4109 0.114 0.8194 0.296

IRS. D.153 0.303 9.492 0.675 0.1816 0.90
115. P. 998 R*A38 0.57S 9 0.706 S 0.810 9.08 Sa
1295. 6.441 0.577 13,696 0, 790 0.859 0.*901

13. 0:1 054 0.676 so.715 0,64s 0-900
I At. 's 2:i Si36 0502 0.o644 0.766 2.861

15. 0.124 0.2se 0. 419 06606 00756 10.8 66
165. 0ll409 10.553 0.,680 0. 780 10.853 0.903
175. 0.613 0*128 IB81$ -0-676 0*920 0.949
1ei. 0.707 0.801 0.81 0.920 0.953 0.974

~9. .75 0.70 0931 8.9"6 9.984 0.9-93

AVE N ~ I416 0.543 0.6666 0.773 6-857 0-91S



tit

TABLE Vll (Continued)

DETECTION PROBABK:LITY FOR COHERENT MTI MODE

Beam Numbers A and B TI 1/4010 T2  112545

i, PF = 10"

FOR RECE I VER CASE 2

S/N RATIO (DB)
VELOCITY 0. 20 4. 6. 8* 10. 12s

105. 0.000 0,000 0.001 0.i002 0,008 09027 0.079
115, 0.000 0.-01 0.005 0.016 0c046 0,107 0,206
125. 0.001 0.005 0.017 0.047 0.110 0,211 0.341
135. 0.001 0.004 0.014 0.040 0.096 0.190 0.316
145. 0.000 0.001 0.002 0.008 0.025 0.067 0.144
155. 0.000 0.000 0.001 0,002 0.007 0.023 0,065
165. 0.001 0.003 0.010 0.032 0.083 0.175 0.305
1715. 0.005 0.017 0.051 0.119 0,230 0.0'70 0.517
185. 0.014 0.041 0.101 0,203 0.339 0,487 0.625
195, 0,0is 0.053 0.124 0.237 0.384 0.541 0.688

AVE = 0.004 0.013 0.032 0.071 0.133 0.220 0.329

14. 16. 18. 20. 22. 24.

105, 0.186 0,353 0.547 0.722 0.848 0.o724
115, 0,336 0,480 0.619 0.739 0.836 0.906
125. 0.482 0,615 0,727 0.813 0,876 0,919
135. 0.457 0.593 0, 709 0.800 0,866 0.912
145. 0.258 0.39? 0,544 0.682 0. 79i' 0.983
155' 0-152 0.292 0,471 0,649 0.794 0,891
165, 0.452 0.594 0.713 0.805 0.870 0.916
175. 0.651 0.758 0.837 0.893 0.931 0.955
185. 0.739 0.325 0.88g7 0.931 0,960 01979
195. 0.807 0.891 0,944 0.973 0.988 0.995

AVE 0 0.452 0.580 0.700 0*801 0.877 0.928

32



TABLE VII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE
Beam Numbers A and B T1 1/4010 T2 = 1/2645

PF =1

FOR RECEIVER CASE 3

S/N RATIO (DB)
WLOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.000 0.001 0.004 0.015 0.053 0.155
115. 0.001 0.002 0.009 0.032 0.091 0.207 0.372
125. 0.002 00009 0.033 0.095 0.212 0.379 0-562
135. 0.00k 0.007 0.027 0.080 0.18' 0.347 0.530
145o 0.000 0.001 0.004 0.015 0.050 0.132 0.271
155. 0.000 0.000 0.001 0.003 0.013 0.045 0.128
165. 0.001 0.005 0.020 0.064 0.165 0.328 0.524
175. 0.010 0.034 0.101 0.231 0.415 0.609 0.771
185. 0.027 0.083 0.199 0.374 0.570 0.741 0.861
195. 0.036 0.105 0.238 0.426 0.626 0.794 0.905

AVE z 0.008 0.025 0.063 0.132 0.234 0.363 0.508

14. 16. 18. 20. 22. 24.

105. 0.349 0.595 0.805 0.928 0.979 0,995
I15. 0.556 0.722 0.847 0.928 0.972 0.991
125. 0.724 0.843 0.919 0.961 0.982 0.992
135. 0.698 0.825 0.908 0.956 0.980 0.991
145. 0.449 0.632 0.786 0.895 0.958 0.986
155. 0.288 0.511 0.730 0.883 0.960 0.989
165. 0.704 0.837 0.918 0.962 0.983 0.993
175, 0.879 0.942 0.973 0.988 0.995 0.998
185. 0.932 0.969 0.987 0.995 0.998 1.0 000
195. 0.964 0.989 0.997 09999 1.000 1.000

AVE a 0.654 0.787 0.887 0.950 0.981 0.993

33
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TAULE VII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B TI = 1/4010 T2 = 1/2645

PF 10

FOR RECEI VER CASE A

S/N RATIO (DB)
VELOC I TY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.000 0.001 0.004 0,018 0.063 0.181
115. 0.001 0.003 0.011 0.038 0.604 0.232 0.405
125. 0.003 0.011 5.039 0.110 0.238 0.411 0.594
135. 0.002 0.009 0.032 0.093 0.211 0.379 0.563
145, 0.000 0.001 0.005 0.019 0.060 0.151 0.299
155. 0.000 00000 0"001 0.004 0.015 0.054 0.149
165. 0.002 0.006 0.024 0.076 0.188 0.361 00559
175. 0.012 0.041 0.118 0.259 0.450 0.643 0.795
185. 0.032 0d•97 0*225 0.408 0.605 0-768 0.878
195. 0.043 0.122 0.267 0.462 0.660 0.819 0.920

"AVE 0.010 0.,329 0,072 0.147 0.255 0.388 0.53A

14. 16. 18. 20. 22. 24.

105. 0,389 0,638 0.835 0.941 0.983 0.996
115. 0.589 0.748 0.866 0.939 0.977 0.993
125. 0.750 0.861 0.929 0.967 0.985 0.994
135. 0.725 0.845 0.920 0.962 0,983 0.993
145. 0.483 0.663 0.810 0.910 0.965 0.989
155. 0.323 0.551 0.764 0.903 0.968 0.991
165. 0.733 0.856 0.929 00968 0.986 0.994
175, 0.894 0.950 0.978 0.990 0,996 0,998
185. 0.942 0.974 0.990 0.996 0.999 1.000
S1'5. 0.971 0.991 0.998 1.000 1.000 1.000

AVE L 0.680 0.808 0.902 0.958 0.984 0.995
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TABLE VIII

DETECTION PROBABILITY FOR COHERENT MTI MODE

f Beam Numbers A.and B TI = 1/2645 T2 = 1/4010

Pr = 10-'

FOR RECEIVER CASE I

S/N RATIO (DB)
- VELOCITY 0. 2. 4. 6. 8. 10. 12.

1 150 0.0 0 0,000 0.002 0.006 0.020 0.055 0.128
i • 115 0*.004 0,012 0.037 0.092 0*187 0.318 0.464

12, 0.013 0.P:9 0.095 0.192 0.323 0,470 0.609
135. 0.010 0.032 0.082 0.172 0,298 0.444 0.585
145. 0.002 0.006 0.020 0.055 0.126 0.238 0.378
155. 0.000 0.000 0.000 0.001 0.005 0.016 0.04"7
165. 0.000 0.000 0.001 0.002 0.008 0.025 0.064
175. 0,000 0.001 0.004 0.013 0.039 0.093 0.183
185. 0.001 0.003 0.011 0.032 0.079 0.164 0,286
195. 0.002 0.007 0.023 0.068 0.165 0.323 0,515

AVE * 0o003 0.010 6,027 0.063 0.125 0.214 0.326

14. 16. 18. 20. 22. 24.

105. 0.246 0.402 0.571 0.724 0.840 0.916
115. 0,604 0.721 0.810 0.875 0.919 0.949
125. 0.723 0.813 0.876 0.919 0.948 0.967
135. 0.79 6 0.799 0.867 0.913 0.944 0.964
145. 0.524 0.655 0.761 0.840 0.896 0.935
155. 0.li0 0.241 0.410 0.594 0.752 0.865
165. 0.138 0.248 00383 0.523 0.650 0.755
175o :P,307 0.446 0.582 0.699 0.792 0.861
185. 0.1,35 0.592 0.734 0.844 0.918 0.960
195. 0.696 0.831 0.915 0.960 0*982 0.992

AVE 0,,450 0.575 0.691 0.789 0.864 0.916
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TABLE VIII (Continued)

DETECTION PROBABILITY FOR i.OHERENT MTI MODE

Beam Numbers A and B T= 1/2645 T2 = 1/4010

"PF =

FOR RECEIVER CASE 2

S/N RATIO MDB)
VELOCITY of 2. 4. 6. 8. 10. 120

105. 0.000 0.001 00002 0.000 0.025 0e069 0.154
116 0.005 0.016 0.*047 0.113 0.220 0.359 0.507

.-.1250 007 0049 S. t16 0.225 0.365 0.513 0,646
135. 0.014 0.041 0.101 0,203 0.339 0.487 0.624
145. 00002 0o008 0,026 0.069 0.152 0.275 0,421
155. 0.000 0.000 0.000 0.002 0.006 0.020 0.060
"165. 0.000 0.000 06001 00.003 0.010 0.031 0.080
175. 0.000 0*001 0*005 0#017 0,049 0.113 0*215
185 . 0.001 0.004 0.014 0.040 0.097 0.193 0.326
195. 0.002 0.009 0.030 0.086 0.201 0.374 0.570

AVE = 0.004 0.013 0.034 0.077 0.146 0.243 0.360

14, 16. 18. 20. 22. 24.

105. 0.286 0.449 0.618 0.762 0.867 0.932
115• 0*642 0.751 0.832 0*890 0.930 0.956
125. 0,754 0.835 0.891 0.930 O,.955 0.971
135. .0737 0.822 0,883 0.924 0.951 0,969
145. 0.565 0.690 0.788 0,859 0.909 0.944
155. 0.143 0.283 0.462 0.644 0,791 0.889
165. 0.165 0.284 0.424 0.562 0.684 0.783
175. 0.346 0.487 0,619 0.730 0.816 0,877
"185, M, 480 0,635 i770 0*870 0,933 0,968
195. 0.741 69861 0.932 0,969 0.986 60994

AVE a 0.486 0,610 8.722 IN814 8,882 0.928
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TABLE VIII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B T= 1/2645 T2 = 1/4010

FOR RECEIVER CASE 3

S/N RATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0*000 0.001 0.404 6.015 0.050 0.137 0.292
115. .0089 0.032 0.094 0.219 0.400 0.596 0.761
1250 0.033 0.098 0.226 0.408 0.603 0.766 0.876
135. 0.027 0.082 0.198 0.373 B.570 0.741 0.860
145. 0.004 0.015 o.o51 0.138 0.289 0.482 0.670
155. 0.000 0.000 0.001 0.003 0.011 00.48 0.118
165. 0.000 0.000 66091 0.005 0.020 0.063 6.156
175. 06001 0.082 0.016 0.034 0.098 8,217 0,385
185. 0.002 0.607 0.027 0.080 0.189 0.352 0.544
1950 0.*04 00116 0* 059 0*170 0.373 0e 622 0,825

AVE 0.808 8.025 S.067 0.145 00260 0.402 0.549

14. 16. 18. 20. 22. 24.

105. 0,498. 0-704 0*859 0.946 0.983 0.996
-115. .0.873 8.938 0.972. 8.988 0.995 0.998
125. 0.940 0.973 0,988 04995 0*998 0*999
135. 0,931 0.969 10.9866 0.994 .0.998 0.999
145. 0.813 0.905 8.955 0.980 0*992 0.997
.155. 0.274 .0497 0.722 0.880 0.959 °0989
t165, 0.306 0.487 8.661 0.800 8.893 0.948
175, .8, 568 0.729 0.847 0.921 0*962 0.963
185. 0.727 0.866 0.948 0.993 0.996 0.997
195, 0.937 8*982 0.996 0.999 1.800 1,600

AVE 0 0.687 0,805 8.893 0,949 0.9780 .991
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TABLE VIII (COntinued)

DETECTION PROBABILIT'Y FOR CONEENT4T INODJE
Beam Numbers A and B T, 1/2&45 T2 1/4010

Ppm 10-5

FOR RECEI VER CASE: 4

S/M RATIO COB)VELOCI TY 0. 2. 4o . 8. 8 2

ov5 0.00 0.061 0.06% #.aeB 0.060*8158 0.325so5 0.011 8.038 8.110 6*247 0#435 0*.630 0.7866125. 0.040 0-1114 0-.234 A-443 8.637 8.791 10.8921.35.# 80.32 -S.0S 0-. 424 C. 408 0.04" 0. 767 8.8781450. 0.08@5 a.3 Sig .9, M 158 0*.32 1 0.518 0.70015. 0.8099 899 o 0.000 ~8.3 0.014 0.048: 0.138165. .0 0.000 8~02 0.00.6 0.8g, 8.84 0.178,175. 60.081 8.883 .0 12 0*84-1 0.1 .23 04818. 0.002 6-809f 66932. at S'4 00213 0.384 .57195. a~G OO 10.0741 0.3197 0.415 864 08
AVE *000 0$ 0*.37-. 0.162 0283 0428 0.S-7'

a ~ 16 1. 0* 22* 14o

P0. *J537 G-137 0.880 0.956 0.987 0.9911I5 iss .-'$ 9 8.947 0.976 .9998 0.996 so998tes. 0. 948 ov977 "A'9 0.996 0'.998 0099
13S5- 0.941 VoM7 0*988 0.995. fh998 9#999

1.4S 0035 o 91 0#6 8.*983 Ot .993 0.997155. 96.308 Q0.539 0.1756 0.900 a.967 0.9911- 0.-336 0.5290* 8696 0.821 0.906 8.9 55
37. 0-680 a. 7.- 0 8664 0* 3 0.9 68 0: Ic 6*. lase 09756 0.885, 0.957 0.87 ,~997 90999195.. 0.958 6-9q6 0.997* 0,999 i.100 1.8880

0*V *8710 98824 8.986 0.956 0R.991 6.992



TABLE IX

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E T= 1/4010 T2 1/2645

PF = 10"

FOR RECEIVER CASE I

S/N RATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.001 0.002 0.007 0.024 0.068 0.161
'15. 0.004 0.012 0.037 0.092 0.187 0.318 0.464
125. 0,013 0.039 0.095 0.192 0.323 0.470 0.609
135. 0.010 0.032 0.082 0.172 00298 0.444 0.585
145. 0.002 0.004 0.020 0.055 0.126 0.238 0.378
155. 00000 0.000 0.001 0.003 0.009 0.030 0.087
165. 0.001 0.002 0.008 0.025 0,067 0.147 0.266
175. 0.004 0.013 0.040 0.098 0.196 0.328 0.475
185. 0.011 0.032 0.082 0.172 0.299 0.446 0.589
195. 0.015 0.044 0.109 0.222 0.380 0.557 0.718

AVE = 0.006 0.018 0.048 0.104 0.191 0.305 0.433

14. 16. 18. 20. 22. 24.

105. 0.310 0.495 0.674 0.813 0.904 0.954
115. 0.604 0.721 0.812 0.878 0.925 0,956
125. 0.725 0.813 0.87f, 0.919 0.948 0.967
135. 0.706 0.799 0.867 0.913 0.944 0.964
145. 0.524 0.656 0.764 0.845 0.904 0.944
5S, 0.2P0 0.369 0.561 0.732 0,854 0.927
165. 0,409 0.553 0.680 0.780 0o853 0.904
175. 0.613 0.728 0.815 0.878 0.920 0.949
185. 0.713 0.812 0.885 0.935 0.966 0.983
195. 0,840 0.917 0.961 0.982 0.992 0.997

AVE u 0.564 0.687 0.790 0.868 0.921 0.955



TABLE IX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A ard E T1 = 1/4010 T2 = 1/2645

PF = 10-5

FOR RECEIVER CASE 2

S/N RATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.001 0,003 0.009 0.030 0.085 0.194
115. 0.005 0.016 0.047 0.113 0.220 0.359 0.507
125, 0.017 0.049 0.116 0.225 0.365 0.513 0.646
135. 0.014 0.041 0.101 0,203 0.339 0.487 0.624
145. 0.002 0.008 0.026 0.069 0.152 0.275 0.421
155. 0.000 0.000 0.001 0.003 0.012 0.039 0.109
165. 0.001 09003 01010 0.032 0.083 0.175 0.305
175. 0.005 61017 0.051 0,119 0.230 0.370 0.517
185. 0.014 0,041 0.101 0.204 0.340 0.489 0.628
195. 0.019 0.056 0.133 0.261 0.429 9(,'07 0.759

AVE_ 0.008 0.023 0.059 0.124 0.220 0.348 0.471

14, 16. 18. 20. 22. 24.

105. 0,359 0.549 0.720 0.845 0.922 0.964
115. 0.642 0.752 0.835 0.894 0,936 08963
125. 00754 8o835 0.891 00930 80955 08971
135. 0.737 0.822 0.883 0.924 0.951 0.969
145. 0.566 0.692 0.791 0.665 0.918 0.953
155. 0.239 0.422 0.614 0.773 0.880 0%942
165o 0.452 0,594 0.713 0.885 0,871 8.916
;750 0.651 0.758 0.837 0.893 0.931 0.955
185. 0.746 0.837 0.902 0.946 0.973 0.957
195. 0.867 0.933 0.969 0.986 0.994 00998

AVE 0.601 0.719 0,816 0.886 0.Q93 09962

-1)



TABLE IX (Continued)

DETECTION PROBABILITY FOR COHERENT MTl MODE

Beam Numbers A and E Ti = 1/4010 T2  1/2645

PF 15O-

FOR RECEIVER CASE 3

S/N RATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.001 0.0q4 0.017 0.059 0.166 0.356
115. 0.009 0.032 0.094 0.219 0.400 0.596 0.761
125. 0.033 0.098 0.226 0.408 0.603 0.766 0.876
135. 0.027 0.082 0.I1, 0.373 00570 09741 0.860
145. 0.004 0.015 0.05! 0.138 0.289 0.482 0.670
155. 0.000 0.000 0.001 0.006 0.022 0.077 0.209
165. 0.001 0.005 0.020 0.064 0*165 0.328 0.524
175. 0.010 0.034 0.101 0.231 0.415 0.609 0.771
185. 0.027 0.083 0.199 0.374 0.571 0.742 0.863
195. 0.038 00.10 0.253 00459 0.675 0.843 0.939

AVE r 0.015 0.046 0,115 0.229 0.377 0.535 0.683

14. 16. 18. 20. 22. 24.

105. 0,591 0,794 0.918 0.974 0.993 0.998
115. 0.873 0.939 0.972 0.989 0.996 0.999
125. 0.940 0.973 0.988 0.995 0.998 0.999
135. 0.931 0.969 0.986 0.9)4 0.998 0.999
145, 0.814 0.905 0.956 0.9;41 0.993 0.998
155. 0.426 0.665 0.847 0.945 0.984 0.996
165. 00704 0.837 0.918 0.961 0.983 0.993
175. 0.879 0.942 0.973 0.988 0.995 0.998
185. 0.935 0.973 0.990 0.997 0.999 1.000
195. 0.981 0.995 00999 1.000 1.000 1.000

AVE 0.807 0.899 0.955 0.983 0.994 0.998
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TABLE IX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E T1 = 1/4010 T2 = 1/2645

PF = 1O-5

FOR RECEIVER CASE 4

S/N RATIO (DB)

VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.001 0.005 0.021 0.071 i.191 0.394

115. 0.811 0.038 0.110 0.247 0.435 0.630 0.786

125. 0.040 0.114 0.254 0.443 0.63? 0.791 0.892

135. 0.032 0.096 0.224 0.408 0.604 0.767 0.978

145. 0.005 0.018 0.061 0.158 0.321 0.518 0.700

155. 0.000 0.001 0.002 0.007 0.027 P.091 0.239

165. 0.002 0.006 0.024 0.076 0.188 0.361 0.559
175. 0.012 0.041 0.118 0.259 0.450 0.643 0.795

185. 0.032 0.097 0.225 0.408 0.605 0.7s9 0.880

195. 0.045 0.128 0.284 0.498 0.710 0.866 01950

AVE = 0.0,8 0.054 0.131 0.253 0,405 0.563 L3.707

14. 16. 18. 20. 22. 24.

105. 0.631 0.822 0.933 0.980 0.995 0.999
115. 0.889 0.947 0.977 0.991 0.996 0.999
125. 0.948 0.977 0.990 0.996 0.998 0.999
135. 0.941 0.973 0.988 0.995 0.998 0.999
145. 0.835 0.918 0.963 0.985 0.994 0.998
155. 0.467 0.703 0.871 0.956 0.988 0.997
165. 0.733 0.856 0.929 0.968 0.986 0.994

175. 0.894 0.950 t.978 0.990 0.996 0.998
185. 0.945 0.977 0.992 0.998 0.999 1.000
195. 0.985 0.996 0.999 1.000 1.000 1.000

AVE 0.827 0.912 0.962 0.986 0.995 0.998
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TABLE X

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F T1 = 1/4010 T2 = 1/2645

PF = 1O-5

FOR RECEIVER CASE I

S/N PZATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0-000 0.001 0.002, 0-008 0-025 0.074 0.181
115. 0.004 04013 0.041 0-103 0.218 0-381 0.564
125. 0.014 0.042 0.107 0.223 0.388 0.571 0.733
135. 0.011 0.035 0.092 0.199 0.356 0.539 0.707
145. 0,002 0.007 0.022 0.061 0.144 0.280 0.456
155. 0-000 0.000 0.001 0.003 0.010 0-033 0*095
165. 0.001 0.002 0-008 0-027 0.074 0-168 0.315
175. 0.004 0-015 0.044 0-110 0.228 0.394 0.577
185- 00011 0.035 0-092 0,199 0.357 0.540 0.710
195. 0.016 0.048 0.122 0.257 0.448 0.657 0.827

AVE - 0.006 0-020 0.053 0.119 0.225 0*364 0.517

14- 16- 18. 20. 2p. 24.

105. 0.358 0.579 0-778 0-907 0.969 0.992
115. 0-728 0.849 0,924 0-965 0.985 0-995
125. 0.852 0o925 0-965 0.984 0.993 0.997
135- 0.834 0-915 0*960 0.982 0.992 0.997
145. 0.636 0.784 0.886 0.946 0.977 0.991
155. 0.225 0.426 0.652 0.833 0*937 0-981
165- 0.495 0.670 0.809 0.900 0.952 0.978
175. 0.738 0.855 0.927 0-966 0.985 0.993
!35. 0.839 09922 0.967 0.988 0.996 0.999
95* 0.930 0.977 0.994 0.999 1.000 1.000

AVE = 0.664 0.790 0.586 0.947 0.979 0.992



DTTO TABLE X (Continued)
DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F TT 1/4010 T2 =1/2645

PF 10-5

FOR RECEIVER CASE 2

S/N RATIO (DB)
VE;bC I TY 0. 2, 4. 6. 80 10.1 120S15. 0-000 0,0019 0-003 0-010 0*033 0*094 0,219

1754. 0.017 0.052 0-127 0ii57 0*431 0i615
11. 0-018 0.054 0.131 0.263 0.439 0.621 0.77313. 0.015 0.04S 0.114 0.336 0.406 0.590 0.75014A * 0.008 0.008 0.028 0.077 0.174 0.325 0,558155 0.000 00000 0.001 0.004 0.013 02042 02123165 0.001 0-003 0.011 0.935 0.093 0.363175. 1-769 0.076 0.055 0.135 0.269 0-445 0-627185. 07015 0.045 0-14 0.237 0.407 0.599 08753195. 0"021 0.069 0.150 00.03 0.9506 0-711 0864

AVE1 0.684 0.025 0,066 0.143 02405 0-559

14* 8 6 I7s9 20. 220. 24.

165. 0,415 0-639 0*823 0-931 0*979 0,994115. * .769 0-876 0.939 0.973 0.989 0.9961250 IZ-876 10-940 V---::72 009;8 0-995 00998
1350 0,863 0.932 0-968 0.986 0.994 0.997145, 0"684 00919 00908 0*957 00982 0,994S155, O&M7 0*487 0,709 0-871 0-955 0°9871 65- 0"S47 0*716 0,841 0-919 0-962 0-983I115. 0"778 0,881 0"942 0.973 0"988 0"99514I50 09868 00938 0-975 0*991 0*997 0"999
195. 0,949 0.964 0.996 0-999 1o000 1.000

AVE - 0.762 0-821 0-907 0.959 0-984 0.994

M"



TABLE X (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F T = 1/4010 T2  1/2645
,io-• : •"P F 1 0l - 5

FOR RECEIVER CASE 3

K1 S/N RATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12,

105- 0.000 0.001 0.005 0.018 0.064 0,181 09397
115. 0.009 0.034 09103 0.245 0-460 0.688 0.859
125. 0*035 0-107 0.253 0-469 0.696 0.864 0.952
"135. 0.028 0e089 0.221 0.4P7 0.658 0.840 0.941
145. 0.004 0.016 0*055 0-151 0.327 0.557 0.768
155. 0e000 0.000 0.002 0.006 0.024 0.082 0,228
165. 0.001 0.005 0.021 0e069 0.182 00373 0.605
175. 0.010 0-037 0.110 0.259 0.477 0.703 0.868
185. 0.029 0.089 0,221 0,428 03659 0.#41 0.943
195, 0c040 0.120 0,283 0.522 0.763 0.919 0.982

AVE at 0,016 0.050 0.127 0.260 0.431 0-605 0.754

'.40 16& 18. 20. 22, 24.

105. 0.664 0*873 0o969 0.995 1-000 1000
115. 0,950 0,986 0.997 0.999 1.000 1.000
125- 0.986 0.997 0-999 1,000 1,000 1,000
135. 0.983 0.996 0.999 1.000 1.000 1.000
145- 0.905 0.969 0.992 0.998 1.000 1.000
155. 0,474 0.742 0-917 0.984 0*998 1-000
165- 0.804 0-924 0.976 0.994 0.999 1.000
175. 0*954 0.987 0.997 0.999 1.000 1.000
185, 0.984 06996 0.999 1.000 1.000 1.000
195. 0.997 1,0003 1.000 1,000 1.000 i,000

AVE . 0.870 Ce947 0.985 0*997 1o000 1.000

110 W WIN



TABLE X (Continued)

DETECTION PROBABILITY FOR COHERENT MTI_ 'lODE

Beam Numbers A, B, E and F Ti = 1/4010 T2 = '/2645

PF = 10-

FOR RECEIVER CASE 4

S/N RATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.002 0.006 0.022 0.076 0.209 0-441
115. 0-011 0.041 0.120 0.277 0.500 0.724 0.881
125. 0.043 0-125 0.285 0-510 0.732 0.886 0.961
135. 0.034 0-105 0.250 0.468 0.696 0-864 0.953
145. 0.005 0.019 0.065 0.175 0.364 0.597 0.799
155. 0.000 0.001 0e002 0.007 0.029 0.098 0.262
165. 0.002 0,007 0-026 0.082 0.208 0.412 0.645
175. 0,012 0.044 0,129 0,292 0-518 0-738 0,889
185. 0.034 0.105 0-251 0-468 0-697 0.866 0.954
195. 0.048 0.140 0.319 0.566 0e798 0.936 0.987

AVE , 09019 0.059 0.145 0*287 0.462 0.633 0.777

149 16. 18- 20. 22. 24o

105. 0.708 0.895 0.977 0.997 1.000 1-000
115. 0.960 0.989 0.997 1.000 1.000 196000
125. 0.989 0-998 0.999 1,000 1.000 1.000
135. 0.987 0.997 0.999 1.006 1-000 1.000
145. 0,923 0.976 0.994 0.999 1.000 1,000
155, 0.521 0.781 0.936 00988 0.999 1.000
165. 0.832 0.938 05952 0-995 0,999 1.000
175. 0.963 0-990 0.998 1.000 1.000 1.-800
185. 0,988 0.997 1.000 1.000 1"000 1.000
195. 0,998 1.000 1.000 1.000 1.000 1.000

AVE w 0,887 0.956 0.988 0.998 1.000 1.000
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rpHIL[ X.T

, .. •,h,:P,!,tl,A: T.lT.'T 1FO (O. rrV"E :"', M(I'DE

,, 14,1' ,2 1 62,4

F =

POR RECEIVER CtSF

S/N RATIO (DB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.001 0.002 0.008 0.026 0.076 0.186

115. 0.004 0.014 0-041 0.106 0.226 0-401 0.602

125. 0.014 0.043 0.118 0.232 0.409 0.609 0.783

135. 0.012 0.036 0.094 0.206 0.374 0,574 0.756

145. 0.002 0.007 0.022 0.062 0.148 0.293 0.484

155. 0*000 0.000 0.001 0.003 0.010 0.034 0.097

165. 0.001 0.003 0.009 0.028 0.076 0.174 0-330

175. 0.004 0.015 0.045 0.113 0.237 0.415 0.616

185. 0.012 0.0136 0.094 0*206 0.375 0.576 0.759

195. 0.016 0*049 0.125 0,266 0.471 0.694 0#867

AVE w 0.00" 0.020 0.054 0.123 0.235 0.385 0.548

14. 16. 18. 20g 22. 24.

105. 0.372 0.607 0.815 0.938 0.985 0.997
115. 0.778 0.897 0.960 0.987 0.997 0.999

125. 00900 0.961 0.987 00996 0.999 1-000
1'35. 0.884 0.953 0.984 0.995 00999 1*000

145. 0.680 0.835 0.930 0.975 0.993 0.998

155. 0.231 0.442 0.68P 0.868 0.962 0.992

165. 0.526 0.717 0.859 0.941 09979 0.994

175. 0.788 0.903 0.962 0.988 0.996 0.999

185. 0.888 0.958 0.987 0.997 0.999 1.000

195. 0.958 0,991 0.998 1.000 1.000 1.000

AVE - 00701 0.826 0.917 0.969 0.991 0-99X

| /



TABLE XI (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

-Beam Nunbers A, B, C, D, E, F, G and H

T1 = 1/4010 T2  = 1/2645

PF = 1O-S

FOR RECEIVER CASE 2

S/M RATIO (DB)
VELOCITY 0, 2. 4. 60 8. 10. 12.

los. 0.000 0-001 0,003 0.010 0-033 0.096 0-226
115. 0.005 00018 0-053 0.131 0.268 0-456 0.656
125. 0.018 0.055 0-135 0.274 0.464 0-663 0.823
135. 0-015 0-046 0.117 0.245 0.428 0.629 0.799
145. 0.002 0.009 0.028 0.078 0-180 0-341 0.540
155- 0.000 0-000 0.001 0.004 0.013 0.043 0-122
165, 0-001 0.003 0.011 0.036 0.095 0.209 0.381
175- 0-006 0.019 0-057 0.139 0.280 0.470 0.669
185. 0.015 0.046 0,117 0.246 0.429 0.631 0.802
195. 0.021 0,062 0.154 0.314 0,532 0.750 0.901

AVE - 0,008 0.026 0.067 0.149 0.272 0.4e9 0.592

14. 16. 18. 20. 22. 24.

105- 0.432 0.670 a.859 0.958 0.991 0.999
115. 0.819 0,921 0.971 0.991 0.998 1.000
125. 0.923 0.971 0.991 0.997 0.999 1.000
135. 0,909 0.966 0.989 0.997 0.999 1.000
145% 0.730 0.869 0.947 0.983 0.995 0.999
155. 0.278 0.506 0.742 0.904 0.975 0.995
165. 0.583 0,764 0.889 0.956 0.985 0.996
175. 0.828 0.925 0.972 0.991 0.998 0.999
185. 0*914 0,970 0.992 0.998 1.000 1.000
195. 0.972 0,994 0.999 1.000 1.000 1.000

AVE - 0.739 0.856 0.935 0.977 0.994 0,999
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TABLE Xi (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, C, D, E, F, G and H

Ti = 1/4010 T2  = 1/2645

PF = 10-S

FOR RECEIVER CASE 3

SIN RATIO (DB)
VELOCITY 0. 20 4. 6. 8. 10. 120

105. 00000 9.001 0.005 0.018 0e065 0.184 0.407
115. 0-009 0.034 00104 0.251 0.476 0.718 00892
125. 0.036 0.108 0.259 0.486 0*727 0.896 0-973
135. 0.029 0-091 0.225 0.442 0.687 0.874 0.964
145. 0e004 0.016 0.056 0.154 0.336 0-579 0,802
155. 0.000 0o001 0.002 0.006 0.024 0.083 0.232
165- 0.001 0.006 0.021 0.070 0.186 0.385 0-631
175. 0.010 0.037 0.112 0.265 0.494 0.734 00900
185. 0-029 00091 0.226 0.442 0,688 0.875 0.965
1950 0.041 0.122 0.290 0*540 0.792 0.944 0.992

AVr 0.016 0.051 0.130 0*268 0.447 0,627 0.776
II.

14. 16- 18. 20. 22* 24-

105. 0.687 0,899 0-983 0.999 1.000 1,000
115 0.971 0.994 0.999 1,300 10000 1-000
125. 0-995 0.999 1.000 1-000 1.000 1.000
135. 09993 0.999 1.000 1.000 1.000 1.000
145. 00934 00985 0.998 1.000 1.000 1*000
155. 0.486 0,765 0.940 0.992 0.999 1.000
165o 0.838 0.950 0-989 0.998 1.000 1.000
175. 0*974 0.995 00Q99 16000 1.000 1.000
185o 0.994 0.999 1,000 10000 1.006 1.000
195. 0.999 1,000 1,000 1*000 10000 1.000

-0.887 0.959 0-.991 00999 1.000 1.000

I.



TABLE XI (Cn.1 .I :,:c

DETECTION PROBABIL !Tv rdi. M:'JLRENT_.TI MOD'

Beam Nuuiber- ;, B, C, D, E, F, G and H

1/4010 1.- '264E.

FOR RECEIVER CASE 4

S/N RATIO (DB)VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.001 0.002 6o006 0*023 0o077 0.213 0,452
115. 0.011 60*41 0.122 0-284 0.519 6.756 0.913
125. 0.043 0.127 0.292 0.529 6.764 0.917 0.979
135. 0-035 0.106 0.256 0.484 0.726 8.897 0.973
145, 0.005 6.026 0.-66 0.178 0.375 0.622 0-833
155. 00.00 0.001 0-002 a.065 0.029 .0899 6.266
165. 80.02 0.007 8-026 09683 6.213 0.425 0.673
175. 0.013 0.645 0.131 8-299 0-537 0-771 0.920
135. 0.635 0.107 6.25*/ 0.485 0o727 8.595 0.974195. 6.849 6.142 6o327 6,586 0.828 .958 0•.995

AVE 6 0.619 6.060 0-148 80-96 6.480 09656 0.798

14. 160 1- 26. 22. 24-

165o 0.731 6&922 0.989 6.999 1.066 10oo
115. 0.178 8.996 0.999 1.ose 1.000 1oses
125. 6-996 0.999 1.000 1ease 1.000 1oses135- 0-995 0-999 1-.00 1oos 1o006 1.-00
145o 0.949 6.989 6.998 1.666 1666 lo.0e6155. 0.534 6.805 6-956 0.995 1.666es 100
165. 0.866 6o962 0.992 0.999 1.006 1.s6@
175- 6.988 0.997 1.o00 1.666 1.ses 1.s6s
165. 09995 0.999 19690 1.666 1.060 l.8se
195. 1ose0 1.600 1.o06 1.800 1.o66 1.o0

AVE 0 0.962 0.967 6.993 6.999 1.060 1.os



TABLE XII

DETECTION PROBABILITY FOR COHERENT MTI MOOE

o\am Numbers A and P

T1 = 1/3268 T2 = 1/4'50

PF = 10-5

FOR RECEIVER CASE I

S/N RATIO (DB)

VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.000 0.001 0.004 0.013 0.037 0.090 0.180
115. 0.000 0.000 0.001 0.003 0.011 0.033 0.081
125. 0.000 0.000 0.000 0.001 0,004 0.014 0.043
135. 0.001 0.003 0.009 0.028 0.074 0.159 0.282
145. 0.006 0.019 0.053 0.122 0.232 0.371 0.517
155. 0.013 0.039 0.096 0.194 0.326 0.473 0.611
165. 0.012 0.036 0.089 0.183 (.312 0.459 0.599
175. 0.004 0.013 0.039 0.097 0.194 0.327 0.473
185. 0.000 0.001 0.004 0.015 0.043 0.104 0.206
195. 0.000 0.000 0.000 0.001 0.002 0.006 0.021

AVE 0.004 0.011 0.030 0.066 0.124 0.203 0.301

14. 16. 18. 20. 22. 24.

105. 0.302 0.441 0.577 0.696 0.789 0.859
115. 0,166 0.285 0.423 0.561 0.685 0.786
125. 0.115 0.247 0.429 0.620 0.777 0.883
135. 0.428 0.573 0.702 0.805 0.881 0.933
145. 0.649 0.756 0.836 0.892 0.930 0.955
155. 0.726 0.814 0.877 0.920 0,948 0.967
165. 0.717 0.807 0.872 0.917 0.946 0.966
175. 0.611 0.727 0.815 0.877 0.920 0.949
185. 0.342 0.491 0.632 0.752 0.845 0.911
195. 0.064 0.157 0.310 0.501 0.684 0.823

AVE 0.412 0.530 0.647 0.754 0.841 0.903



TABLE XII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

Tl = 1/326F T2  = 1,4950

PF = lO-S

Fn:? RECEIVER CASE 2

S/N RATIO (DB)
VELnCITY 0. 2. 4. S. 8. 10. 12.

105. 0.000 0.001 0.005 0.017 0.047 0.110 0.211
115. 0.000 0.000 0.001 0.004 0.01', 0.042 0.100
125. 0.000 0.000 0.000 0.001 0.005 0.018 0.056
135. 0.001 0.003 0.012 0.036 0.092 0.189 0.322
145. 0.007 0.024 0.066 0.147 0.268 0.413 0.559
155. 0.017 0.050 0.118 0.227 0.368 0.515 0.649
165. 0.015 0.045 0.109 0.215 0.353 0.501 0.637
175. 0.005 0.01"7 0.050 0.118 0.228 0.368 0.516
185. 0.000 0.002 0.006 0.019 0.055 0.127 0.241
195. 0.000 0.000 0.000 0.001 0.002 0.008 0.028

AVE 0.005 0.014 0.037 0.079 0.143 0.229 0.332

14. 16. 18. 20. 22. 24.

105. 0.341 0.482 0.615 0.727 0.813 0.676
115. 0.195 0.323 0.464 0.600 0.717 0.811
125. 0.143 0.293 0.484 ,]671 0.8'4 0.905
135. 0.471 0.614 0.735 0.830 0.899 0.945
145. 0.685 0.784 0.856 0.906 0.939 0.961
155. 0.756 0.836 0.892 0.930 0.955 0.971
165. 0.747 0.830 0.888 0.927 0.953 0.970
175. 0.649 0.757 0.836 0.892 0.930 0.955
185. 0.384 0.534 0.670 0.783 0.868 0.924
195. 0.021 0.191 0.360 0.556 0.730 0.854

AVE = 0.445 0.564 0.680 0.782 0.862 0.917



TABLE XII (Contiivued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbe's A and B

T= 1/3268 T2 1/4950

PF 15O-

FOR RECEI'ER CASE 4

S/N RATIO (DB)

VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.001 0.003 0.011 0.039 0.110 0.238 0.411
115. 0.000 0.001 0.002 0.009 0.034 0.097 0.217
125. 0.000 0.000 0.001 0.003 0.011 0.041 0.130
135. 0.002 0.007 0.028 0.086 0.206 0.385 0.583
145. 0.017 0.058 0.152 0.312 0.508 0.693 0.830

155. 0.041 0.116 0.256 0.447 0.640 0.793 0.893
165. 0.036 0.106 0.240 0.428 0.623 0.781 0.886
175. 0.011 0.041 0,116 0.257 0.448 0.640 0.794
185. 0.001 0.003 0.013 0.046 0.127 0.274 0,468
195. 0.000 0.000 0.000 0.001 0.005 0.018 0.065

AVE = 0.011 0.034 0.082 0.163 0.271 0.336 0.528

14. 16. 18. 20. 22. 24.

105. 0,594 0.750 0.861 0.929 0.967 0.985
115. 0.387 0.571 0.732 0.850 0.926 0.968
125. J.311 0.558 0.781 0.916 0.975 0.994

135. 0.753 0.871 0.941 0.977 0.992 0.998
145. 0.914 0.960 0.982 0.992 0.997 0.999
155. 00949 0.977 0.990 0.996 0.998 0.999
165. 0.945 0,975 0.989 0.996 0.998 0.999

175o 0.693 0.949 0.977 0.990 0.996 0.998

185. 0.660 0.810 0.908 0.961 0.986 0.996

195. 0.185 0.397 0.647 0.842 0.945 0.985

AVE = 0.659 0.782 0.881 0.945 0.978 0.992



TABLE XII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

T= 1/3268 T2  1/4950

PF= iO'S

FOR RECEIVER CASE 3

S/N RATIO (DB)

VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.001 0.002 0.009 0.033 0.095 0.212 0,379
115. 0.000 0.0aI 0.002 0.008 0.028 0.083 0.193
125. 0.000 0.000 0.001 0.002 0.009 0.034 0.110
135. 0.001 0.006 0.023 0.073 0.181 0.351 0.548
145. 0.014 0.048 0.132 0.281 0.473 0.661 0.808
15!. 0.034 0.100 0.228 0.411 0.606 0.768 0.878
163. 0.030 0.091 0.213 0.393 0.589 0.755 0.870
175. 0.009 0.034 0.100 0.229 0.412 0.607 0.769
185. 0.001 0.003 0.011 0.038 0.ilo 0.245 0.432
195. 0.000 0.000 0.000 0.001 a.004 0.015 0.054

AVE 0.009 0.028 0.072 0.147 0.251 0.373 0.504

14. 16. 18. 20. 22. 24.

105. 0.562 0.724 0.843 0.919 0.961 0.982
115. 0.355 0.538 0.705 0.832 0.914 0.961
125. 0.274 0.514 0.746 0.898 0.968 0.992
135o 0.725 0.853 0.931 0.972 0.990 0.997
145. 0.901 0,953 0.979 0.991 0.996 0.998
155. 0.941 0.973 0.988 0.995 0.998 0.999
165. 0.936 0.971 0.987 0.995 0.998 0.999
175. 0.878 0.941 0.973 0.988 0.995 0.998
185. 0.627 0.786 0.893 0.954 0.983 0.995
195. 0.159 0.356 0.605 0.813 0.932 0.960

AVE = 0.636 0.761 0.865 0.936 0.974 0.990
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TABLE XIII

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

T= 1/4950 T2 : 1/3268

PF I0-5

FOR RECEIVER CASE I

S/N RATIO (DB)
VELOC I TY 0. 2. 4. 6. 8. 10. 12.

105. 0.004 0.013 0.039 0.095 0.192 0.323 0.470
115. 0.001 0.003 0.011 0.034 0.085 0.177 0.305
125. 0.000 0.000 0.001 0.005 0.016 0.046 0.111
135. 0.000 0.000 0.001 0.003 0.010 0.030 0.079
145. 0.000 0.002 0.006 0.019 0.051 0.115 0.217
155. 0.001 0.004 0.013 0.038 0.092 0.182 0.304
165. 0.001 0.003 0.012 0.035 0.085 0.172 0.292
175. 0.000 0.001 0.004 0.013 0.038 0.092 0.182
185. 0.000 0.000 0.000 0.001 0.005 0.016 0.048
195. 0.000 0.000 0.001 0.004 0.014 0.040 0.098

AVE : 0.001 0.003 0.009 0.025 0.059 0.119 0.211

14. 16. 18. 20. 22. 24.

105. 0.609 0.725 0.813 0.876 0.919 0.948
115. 0.451 0.591 0.711 0.803 0.869 0.915
125. 0.219 0.367 0.533 0.689 0.814 0.899
135. 0.173 0.318 0.496 0,672 0.811 0.902
145. 0.347 0.487 0.619 0.731 0.820 0.886
155. 0.444 0.580 0.698 0. 791 0.860 0.908
165. 0.430 0.567 0.687 0.783 0.854 0.904
175. 0.305 0.444 0.581 0.700 0.795 0.867

185. 0.118 0.242 0.413 0.598 0.758 0.870
195. 0.198 0.335 0.490 0.641 0.769 0.865

AVE = 0.329 0.465 0.604 0.728 0.827 0.896
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TABLE XIII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

Tl = 1/4950 T2  1/3268

PF = 10"5

FOR RECEIVER CASE 2

S/N RATIO (DB)
VELOC I TY 0. 2. 4. 6. 8. 10. 12.

105. 0.005 0.017 0.049 0.116 0.225 0.365 0.513
115. 0.001 0.004 0.014 0.043 0.105 0.209 0.345
125. 0.000 0.000 0.002 0.006 0.021 0.058 0.135
135. 0.000 0.000 0.001 0.004 0.013 0.038 0.098
145. 0.001 0.002 0.001 0.024 0.064 0.139 0.251
155. 0.001 0.005 0.017 0.048 0.112 0.213 0.343
165. 0.001 0.0004 0.015 0.044 0.104 0.-02 0.330
175. 0.000 0.001 0.005 0.017 0.048 0.112 0.213
185. 0.000 0.000 0.001 0.002 0.006 0.021 0.061
195. 0.000 0.000 0.001 0.005 0.018 0.051 0.120

AVE 0.001 0.004 0.011 0.031 0.071 0.141 0.241

1 1.6. 18. 20. P2. 24.

105. 0.646 0.754 0.835 0.891 0.930 0.955
115. 0,493 0.630 0.742 0.826 0.885 0.926
125. 0.257 0.413 0.580 0.730 0.843 0.917
135. 0.206 0.365 0.548 0.717 0.843 0.921
145. 0.387 0.527 0.655 0.761 0.842 0.901
155. 0.485 0.617 0.729 0.814 0.376 0,919
165. 0-471 0.605 0.719 0.807 0.!71 0.916
175. 0.344 0,485 0.619 0.731 0.819 0.885
185. 0.145 0.284 0.465 0.649 0.797 0.894
195# 0.232 0.378 0.535 0.681 0.801 0.887

AVE J0.367 0.506 0.643 04761 0.*51 0.912
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TABLE XIII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and B

Tl 1/4950 T2  1/3268

PF 1 0-5

FOR RECEIVER CASE 3

S/N RATIO (DB)
VELOC I TY 0. 2. 4. 6. 8. 10. 12.

105. 0.009 0.033 0.098 0.225 0.408 0.603 0.766

115. 0.002 0.008 0.028 0.086 0.205 0-382 0.578

125. 0.000 0.001 0.003 0.012 0.041 0.116 0.258

135. 0,000 0.000 0.002 0.007 0.024 0.076 0.190
145. 0.001 P.004 0.014 0.048 0.126 0.262 0.439
!55. 0.002 0.009 0.034 0.096 0.215 0.382 0.565

165. 0.002 0.008 0.030 0.088 0.201 0.365 0.548

175. 0.001 0.002 0.010 0.034 0.096 0,215 0.383

165. 0.000 0,000 0.001 0.003 0.012 0.042 0-120

195. 0.000 0.001 0.002 0.010 0.035 0.102 0.233

AVE = 0.002 0.C*00 0.022 0.061 0.136 0.255 0.408

14. 16. 18. 20. 22. 24.
105. 0.876 0.940 0.973 0.988 0.995 0.998

115. 0.747 0.865 0.934 0.'70 0.987 0.994

125. 0.4E6 0.663 0.829 0.930 09977 0.994
135- 0.376 0.604 0.803 0.924 0.977 0.994
145. 0,619 0.768 0.873 0.938 0.973 0.989

155. 0.726 0.845 0.920 0.962 0.983 0,993
165. 0.713 0.836 0.914 0.959 0.981 0.992
175. 0.566 0.727 09846 0.922 0.964 0.986
185. 0.275 0.497 0.723 0.882 0.961 0.989

195- 0.419 0.619 0. 788 0.901 0.962 0.988

AVE 0.577 0.736 0.860 0.937 09976 0.992
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TABLE XIII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A ard B

T1 = 1/4950 T2 1/3268

PF = 1O'5

FOR RECE I VER CASE 4

S/N RATIO (DB)
VEL.OC I TY 0. 2. 4. 6. 8. 10. 12.

105, 0.011 0.040 0.114 0.253 0.443 0.636 0,791
115. 0.002 0.009 09034 0.101 0.231 0.417 0.613
125. 0.000 0.001 0.004 0.014 0,049 0.135 0.289
135. 0.000 0.001 0.002 0.008 0.029 0.089 0.216
145. 0.001 0.005 0.017 0.057 0.145 0.291 0.472
155. 0.003 0.012 0,040 0.111 0.240 0.415 0.597
165. 0.003 0.010 0.036 0.102 0.226 0.397 0.580
175. 0.001 0.003 0.012 0.040 0,112 0.241 0.415
185. 0.000 0.000 0.001 0.004 0.014 0.050 0.140
195. 0-000 0.001 0.003 0,012 0.042 0.119 0.261

AVE = 0.002 0.008 0.026 0.070 0.153 0.279 0.437

14. 1 6. 18. 20. 22. 24.

105. 0.892 0.948 0.977 0.990 0.996 0.998
1.15. 0.774 0.881 0.943 0.974 0.989 0.995
125. 0.493 0.697 0.853 0.942 0.982 0.995
135. 0.414 0.643 0.831 0.938 0.982 0.996
145. 0.649 0.791 0.888 0.946 0.977 0.991
155. 0.752 0.862 0.930 0.967 0.985 0.994
165. 0.739 0.854 0.925 0.965 0.984 0.993
175. 0.598 0.753 0.864 0.932 0.970 0.988
185. 0,308 0.538 0. 758 0.902 0.969 0.992
195. 0,455 0.653 0.813 0.916 0.969 0.991

AVE n 0.607 0.762 0.878 0.947 0.980 0s993

• j~j~j~jjj••J~lJ• •'•• ........



TABLE XIV

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

T= 1/3268 T2= 1/4950

PF = l -

FOR RECEIVER CASE 1

S/N RATIO CDB)
VELOCITY 0. 2. 4. 6. 8. 10. 12.

105o 0.004 0.013 0-039 0.095 0.192 0.323 0.470
115. 0.001 0.003 0.011 0.034 0.085 0.177 0.305
125. 00000 0.000 00002 0.005 0.018 0.054 0.133
135. 0.001 0.003 0.009 0o029 0.075 0.161 6.28?

14a5o 0.006 0.019 0.053 0.122 0.232 0.371 0.517

155o 00013 0.039 0.096 0.194 0.326 09473 0.611
165. 0.012 0.036 0.089 0.183 0.312 0.459 0.599

175. 0.004 0-013 0.039 0.097 0.194 0.327 0.473
185. 00000 0.001 0.004 0.015 0.044 0.106 0.211
195. 0.000 0.000 00P.1 0.004 0.014 0.042 00105

AVE a 0.004 0.013 0-034 0.078 0.149 0-249 0.371

14. 16. 18- 20- 22. 24.

105- 0.609 0.725 0.813 0.876 0.919 0.948

115. 0.451 0.591 0.711 0.803 0.870 0.916

125- 0.267 0.444 0.627 0.779 0.882 0.942
135. 0.440 0.596 0.734 0.841 0.914 0.957
145. 0.649 0o757 0.836 0.893 0.931 0.957
1550 0.726 0.814 0.877 0,9P.0 0.948 0,967
165. 0,717 0.807 0.572 0,917 0.946 0.966
175. 0.612 00727 0.515 0.878 0-921 0.950
165. 0.353 0.514 0.668 0-795 0.885 0.941
195- 0.216 0.371 0.547 0.710 0.833 0.913

AVE 0.504 0.635 0.750 0-841 0.905 0.946

.,



TABLE XIV (Continued)

I •DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

TI = 1/3268 T2  1/4950

PF 10-5

FOR RECEIVER CASE 2

SIN RATIO ME)
VjZLOC I TY 06 2. 4. 6. 8. 10. 12.

105, 0.005 0,,017 0-049 0.116 0.225 0,365 0.513
I 15. 0.061 0.004 0.014 0.043 0.105 0.209 0.345

125. 0.000 0.001 0.002 0.007 0.024 0.068 00162
4 135. 0.001 0,003 0.g12 0.037 0,093 0.191 0.328

145. 0.007 0.024 0.066 0.147 0.268 0.413 0.559
155. 0.017 0.050 0.118 0.,27 0.368 0.515 0.649

S165. 0.015 0.045 0.109 0.215 0.353 8.501 0.637
175. 0.005 0.017 0.050 0.118 S.228 0.368 0.516
150. 0.000 0.002 0.006 0.019 0.035 0.129 0.246
195. 0.000 0.000 0-001 0-005 0.018 0.053 0.128

AVE - 0.005 0,016 0.043 0,094 0.174 0.281 0.408

14. 16- 18. 20. 22. 24.

105. 0.646 0.754 0.835 0.891 0.930 0.955
115. 0.493 0.630 00742 0,826 0.886 0.927
125. 0.312 0.497 0.676 0.814 0.904 0.954
135. 0-485 0.639 0.770 0.866 0.929 0.966
145. 0.685 0.784 0.856 0.906 06940 0.963
155. 0.756 0.836 0.892 0.930 0.955 0.971
165. 0.747 0*830 0.888 0.927 0.953 0.910
175- 0.649 0.757 0.837 0.893 0.931 04957
1J5. 0939e 0.560 0.708 0.826 0.905 0.953
195. 0.254 0.420 0.597 0.750 0.86R 0.930

AVE 0.543 0.671 04780 0.863 0.920 0.955

: - : • ~....................... ... : - • . . . " " - . ..: ' " . .. . . . . . " ':" ' • •; . .. ."



TABLE XIV (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Ntnbers A and E

T1 1/3268 T2 1/4950

PF =

P5R RCE,1VE CASE 3

S/N RATIO (DB)
VELOCITY es 2. 4. 6. 8. 10. 12.

105- 0.009 0.033 0.098 0-225 0.408 0.603 0.766
I1.5 0.002 0.008 0.02$ 0.086 0.205 0-382 0.578
125. 0.000 0.001 0.003 0.013 80046 0.134 0.303
1I5, 0.062 0.006 0.023 0-073 0.182 0.353 0.555
145. 6.014 0-048 0.132 0.281 0*473 0*661 0.808
155. 0.034 0,400 0.228 0.411 0.606 0.768 0.878
165. 0.030 0-091 0.413 0.393 0.589 0-755 0-870
175. 0.009 0.034 0#106 0.229 0.412" 0.607 0.769
185. 0.001 0.003 0.011 0.038 0.ll 0.248 0.439
195. 0,000 60001 0*002 0-010 0.036 04106 0,246

AVE 00010 0.032 0.084 0.176 0.307 0.462 0,621

14* 16- too 20. 22. 24.

105. 0.876 0-940 0.973 00986 0,995 0.998
115'. 0747 0.865 0.934 0,970 0.987 0.995
125. A.530 0.746 0.891 0.963 0.990 0.998
135. 0.737 0.869 0.945 0.981 0.994 0-999
145, 0*901 0.953 0.979 0.991 0.996 0.999
155. 0.941 0.973 0.988 0.995 0.998 0-999
1656 0.936 0.971 0.987 0.995 0.998 0.999

0175, 0878 0.941 0.973 0.988 00995 0-998
la se5 0@64t 0,806 0.913 C,968 0.990 0.997195. 0,449 0.665 0.835 0.935 0.979 0.994

tWE * 0,764 0.873 0.949 0.977 0,992 0.998

....- - - -



TABLE XIV (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

T1 1/3268 T2 1/4950

PF 10-5

* . I~OR RECEIVER CASE 4

S/N RATIO MDE)
VELOCITY of 2. 4. 6. 8.o10 12.

105. 0.011 04040 89114 0.253 0.443 0.636 0.791
115. 0.002 0.009 0.034 6.101 0.231 0.417 0.613

*125. 04000 6.401 0.004 0.016 0.055 0.156 0.338
135. 0.002 0.007 0.028 0.086 0.207 0.388 0.590
145. 0.017 0.058 0.152 0.312 0.508 0.693 0.830

*155. 0.041 90.116 0.256 8.447 0.640 0.793 de.593
165. 0.06,6 0.106 0.240 0.428 0.623 0.781 68856*175. 0.011 0.041 89116 0.257 0.448 0*640 0.794
185. 0.001 0#003 0.013 90046 0.128 0*277 0.476
195. 0.000 00001 0#003 0,012 6.043 0.124 0.276

AVE -00812 0.038 0.096 0.196 0.333 0.490 0.649

14. 16. I8. 20. 22. 24.

1050 0.892 06948 0.977 0.990 0.996 0.998
1.15. 0.774 90.881 0.943 0.974 0.989 0.996
125. 0.571 0-77$ 0.909 0.971 0.999 0*996
135. 0.766 0.587 0.955 0.985 0.996 0.999
145. 0.914 6.960 0*.82 0.993 0.997 0.999
155. 0.949 0.977 0.990 8.990 0.998 0.999
165. 90.45 0.975 90989 00996 0.998 00999
175. 0*8f93 0.949 0.977 0#990 0*996 0.998
1859 0.675 0*831 0.927 0.974 0*992 0*998
1950 0.487 00700 0.859 0.947 00984 00996

AVE *0.787 0*889 0.951 0.981 0.994 0.-995
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TABLE XV

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F

T 1/3268 T2  1/4950

PF = 0-

•:i FOR RECEIVER CASE I

S/N RATIO (DB)
VELOCITY 0. 2.6 4o 6o as 10. 12.

105. 0.004 0.014 0.042 0M07 09223 0.387 0.570
115. 0.t1l 80003 0.012 0.037 0.096 0.205 0.364
125. 0.080 s.001 0.002 0.006 9,020 0.059 0.149
135. 1.001 0,003 0.010 0.031 0*083 0.185 0.341

145. 0.006 0.20 0.*058 0,139 0.272 0.447 0.628
155. 04614 0.043 0.108 0.226 0.391 0o574 0.736
165. 0.013 0.039 0.100 0.212 0.374 0.557 6.722

175. 0.004 0*014 0.043 0.109 0.226 0.391 0.574
185o 0.000 s.to1 0.005 0.016 0.048 0*119 0*246
195. 0.000 0.000 0#001 0.005 s.oos 0.046 0.118

AVE 0 0.004 0.014 0.038 0.089 0*175 0.297 0.445

14- 18. 20. 22. 24o

105. 0*733 0"852 .925 0.965 80984 0.993
115. 0.547 0.714 (,639 0.918 0.961 0-983
125. 0.308 0,52 04.729 0.879 0.957 0.987
135. 0.,530 0*.72 0.851 0.936 0.977 0.993

145. 0*.777 0.880 S.941 0.973 0.988 0.995
155. 0#.854 0.926 0.965 0-985 0.993 0,997
165. 0#.844 0,921 0.963 0.983 0,993 00997

175. 0-736 0.854 0.926 0.966 0.955 0.994
185,, 0.422 0.616 0.785 0,901 0.962 0.988
195. 0.249 0.438 0.646 ,6819 0,925 0.975

AVE 0 0.600 &0743 0.557 0.932 0.973 0.990
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TABLE XV (Continued)

DETECTION PROBABILITY FOR COHERENT NTI MODE

[.• .Beam Numbers A, P., E and F

Ti 1/3268 T2 : 1/4950

FOR RECEIVER CASE 2

S1N RATIO (D)
VELOCITY 0. 4. 6. 8. 10. 12.

105. 0-005 9.018 0,054 0,131 0.263 0.438 0.621
115. 0,001 04004 0.015 0.047 0,118 0.243 0.414
125. �.000 0-001 0.002 0.008 0.025 0.075 0.9.82
135. 0#001 0-004 0.013 0.040 0.104 0.221 0,391
145. 0.008 0.026 0.073 0.168 0-317 0.499 0.675
155. 0.018 0.055 0.133 0.266 0.442 0.624 0.776
L65, 0.017 0.050 0.123 0.251 0.424 0.608 0.763
175 0*005 0*019 0.055 0.134 0,9.67 0-443 0.695
185. 0.001 0.002 0.006 0.02 1 0.061 0-146 0.289
195. 0.000 0.001 0.002 0.006 0,020 0,059 0,145

AVE - 0,006 0.018 0.048 0.107 0#.04 0-336 0.488

14. 16, 18. 20. 22o 24.

105. 0.773 0.878 0.940 04972 0.988 0.995
S115 t 0598 0,756 0,867 09934 0,970 0-987
125. 0.360 0.581 09779 0.908 0.969 0.992
135, 0.583 0.757 0,881 0.952 0.984 0.995
145* 0.613 0.903 0•95,1 0.979 0.991 0.996
155a 0.880 0.941 0.973 0.988 0.995 0-996
165. 0.872 0.936 0.971 0.987 0-994 0.998
175. 0.776 0.880 0,941 0,973 0.988 09.995
185. 0,475 0.668 0.825 0.994 0.973 0.992
195. 0*294 0o495 0.700 0e856 0.Q45 0.983

AVE * 0 643 0.780 0-883 0.947 04980 0,993

O~t



TABLE XV (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, E and F

T= 1/3268 T2 1/4950

PF 10"5

FOR RECEIVER CASE 3

S/N RATIO (DB)
VELOCITY 0.- 4. 6. 8. 10. 12.

105. 0.010 0.035 0.107 0.252 0.469 0.696 0.864
115. 0.009 0.008 0.039 0.093 0.228 0.438 0.668
125. 0.000 0.001 0.004 0.014 0.049 0.146 0.337
t35o 0.002 0.006 0,025 0.079 0e202 0.403 0,639
145. 0.015 0.052 0.145 0,317 0.545 0.759 0.900
155. 0.036 0-108 0.256 0,473 0.699 0.866 0,953
165. 0.032 0*099 0*238 0.450 0-680 0*854 0.947
175. 0.010 0.036 0.109 0.257 0.474 0,700 0,866
185. 0.001 0.003 0.011 0,041 0.121 0.278 0.504
195. 0,000 0.001 0.003 0.011 0.038 9.115 0,274

AVE = 0.011 0.035 0,093 0.199 0,351 0,525 0.695

i4* 16. 18. 20. 220. 24.

105. 0*952 0*986 0-997 0.999 1.000 1.000
115. 0,846 0*944 0.984 0,996 0.999 1.000
1P.50 09598 0.828 0*952 0.992 009Q9 1.°lo
135. 0.833 0*944 0.987 0.998 1.000 1.000
145, 0.967 0.991 0.998 1,300 1,000 1.000
155. 0.987 0.997 0.999 1.000 1,000 10000
165. 0.985 0.996 0.999 1.000 1.000 1,000
175. 0.953 0.987 0.Q97 0.999 10000 1.000
185. 0.734 0#895 8.971 0,994 0,999 19000
195. 0.511 0.759 0.913 0.980 0.997 1.000

AVL 0.837 0.932 0.980 0.996 0.999 1,000

o5



TABLE XV (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Nunbers A, B, E and F

T= 1/3268 T2 1/4950

PF 10"5
• -Oi

FOR RECEIVER CASE 4

SMN RATIO CDB)
VELOCITY 0. 2.0 4o 6. 8s 1t. 1.

105. 90912 0.043 0.124 0.285 0.510 0.732 0.886
115&. 0.03 @.010 0.036 0.110 0*.59 0.478 0.705
125. 0.000 .•001 0.004 9.017 9.059 0 .170 0.378
135. 0.002 0.008 0#930 0.093 9923i 0.443 0.679
145. 0.018 0.968 0.168 0.353 6.586 0.791 0.918
155* 0.043 0.127 0-288 0-514 0.735 0.888 0.968
165o 8.039 0.116 0#269 0.491 0.716 0.6877 6.958
175. @.01 0.044 0.127 0.829 0.S15 0.736 6.888
185, 0.el0 0.004 0414 09049 0,140 0*319 0.546
195, 0,000 @.*01 0.003 0.013 00046 0.135 0.309

AVE 9 08013 0.041 0.106 0.091 0.380 0.556 0-723

140 16. 18. 20. g#. 24.

105. 0.961 0.989 0.998 0,999 1.0os 1 .0001
115. 0,87d 0.955 0,987 0,997 0.999 1,.00
195o 0,643 0.859 0.964 0,994 6.999 1,.00
135, 0,860 0,956 0.990 0,996 lose@ 1,006
145o 0*974 0.993 0.999 1ease loses 1.0008
155. 0.990 0.998 1.000 1.000 1.000 10000
165. 0.988 0.997 0*999 1.000 1,00 1less#
175. 0968 0*.990 0.998 1*.00 1.0. os 1.000
185o 0.769 0.914 0-976 0.996 1.60 le.ss@
195- 0.555 0.788 0.931 0.986 0.998 1.oes

AVE 0.857 0.944 0.4984 8.997 1.i00 1.060

g0 )



TABLE XVI

DETECTION PROBABILITY FOR COHERENT MTI MODE

i ~~ Beam Numbers A,, B, C, Dj, E, F, G and H

T1  1/3268 T2  1/4950

FOR RECE IVER CASE

S/N RATIO (D8)
VELOCITY so 2. 40 6. 8. 404 12.

1050 0.034 8.014 96A63 0.110 0.232 0.409 0.669115. 6.001 86964 10.012 Ow0B 609098 0.212 0-383
125. 0.860 0seat 0.092 .90606 0.020 0.0610 0.153
1359041 *o01003 01910 0.0,132 0.0655 0.191 35

145. 0.006 0.021 10.060 0.,143 .0#284 00474 *06,71155. 0.*015, 40144 0.111 0.234 0.412 0.,612 0.786
165. 0.013 0.040 0.103 0.220 0.394 6.594 89772

4#9 aa. 1 9*04 0-1 e *1 o1

les 0.011 0#11 ava 001 t040.005.6.95

AVE 9*0.65 60914 0.039. 0.092 0,183 0.314 9.472

14. 16. 1. 0. 22. 4

1105. 0.7183 0.906 0.961 0*907 8,996 6.999
115. 0*553 0.763 6.868 0-956 00985 0*996
195, 0.319 0.54S 8.766 99.913 0*977 0.996
135. 0.563 0.718 0.4.S 6.066 0*992 8.,998
145. 10#828 0.99S 0.979 6.991 0.998 0.999
155. 0.901 90962 04987 0.996 0.999 loose
1U5. 0*8903 00956 0.986 6.996 0.999 loose
175. '0.e78 6 0.992 0.968 1 6987 0.996 4.9999
185. 0#44S 0.654 &.631 0.936- 6o.963 0.997
195. G.258 6.466 0.683 0.666 0.955 0.990

AVE a0.636 10.783 0.893 0.9s9 10.a966 0.997
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TABLE XVI (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, C, D, E, F, G and H

T= 1/3268 T2 1/4950

PF =10

FOR RECEIWVR CASE 2

S/N RATIO (DB)VELOC I TY 0. 2. 4. 6. 8. •*. 12.

105. 0.005 6.018 0.055 0.135 0.274 0.463 0,663115. 0-001. so oil 06,016 40648 0.121 8.252 0.437125. 0,000 0.001 6.6902 0.008 9.026 0.,76 0*187135. 0,01 0.004 6.13 06041 0.106 0.229 0,411145 0.,008 0.027 0*075 0.174 6.332 @.530 0.721155. 0.019 0.056 0.137 0.277 0.467 8.666 9,826165, 0.017 0.051 04127 6.261 0.448 0.648 0.813175. 0.606 0.019 6.0i5 6 9. 1311 0.278 0.468 '0-667185. 0.081 6.002 ,6006 21 0-062 0.150 0.301195. 0.000 8.01 0.02 6.086 0.020 0.060 0.149
AVC 8.006 0,018 0.049 0o .It 6.213 0.354 0,5:7

14. 16-* 20. 22. 4.

l05. 0o823 0.923 0,971 6.991 0.997 0.999Its, 0.638 0.806 0.913 8.967 0.996 9,997015, 6.374 6.699 toe 17 9#939 0,985 4.997135. 0.620 .9g0 69922 0.9to/71 0.99$ 6.999145. 0,863 0.943 0.960 0.994 0.998 1.000155. 6.924 0.972 6,991 $0998 6,999 1,808. 16s. 0.917 6.969 0.996 0.997 0.999 1.400
175. 0.826 0.924 to972 0.991 0.998. 0.99915. 06.502 0.716 0.869 6,956 10.989 0.9981950 0,306 6.521 8.739 6.895 Go.9 70 0,994

* AVE - 0.679 0.818 8.917 6.97g 6.99* 0.998

[•' - 0.9 7 g,9921c99



TABLE XVI (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A, B, C, D, E, F, G.and H

T, 1/3268 T2  1/4950

FOR REC£ 1VER CASE 3

S/M RATIO (U8)
M+]OCI TY g.o2 4,o 6. so too 12.

16S. 6.010 0.636 o8 -.8 6.485 lba "726 0.896

I1$. 60.62 0.*08 9.931 0.t95 0 234 0.453 6.697
I000. s.o0e 8.01 6.064 0,014 6.6s5 0.148 6.345
.135. 8.082 0.007 G.,895 &M0 0.266 6.0416 .6666
145, 06015 804153 N. 148 0.326 6.567 0.793 0.930
155o . -. 137 B.el0 0.262 6.490 e,730 0.898 0.973

.165. 0,833 #*ISO 6e.44 0,466 6. 710 0.887 o.969
175. .001l 0.037 0e 111 0,263 6.491 0.731 60,899jos 185. 0.Ol 6.63 0.012 6.842 0.123 6.285 6.523.195$. 6.eON 6.601 0.663 .011 6, 0639• &.111 8,01

AVE S 0.011 0.036 0.095 6.04 6363 t. $45 g. 718

14. 16. 18, 20. 22. 24.

* 165. 1.973 0.1995 0,999 14606 loe.s 1•000
I1 . 60886 a.961 0.993 6.999 1.,00 1.000125- 0.618 0.856 0.971 6.997 1.000 ,1008 I.13S# 0.867 84.96 8,995 loses 1.0•0 1.666

14S. 6,983 6.997 t.eeo I * lbef 1.90- 1.080
155. 6.995 0.999 1.001 1.e0e 1.086 lo.oe
165. 0.994 0.999 1.#86 l.0e0 1.666 l.oe0
175. 0.973 0.995 0.999 l.6es 1,8860 1.00
1M$. 0O765 0.924 6.98$ 0.998 1silo 1 .0Ol
19S, 0,528 8.782 0.939 0.991 0.999 1t66oG

MAVE - 0.858 8.048 0,988 0989 .8 l e Io See

*@A ae..@Q ~a~ta



TABLE XVI (Continued)

DETECTION PROBABILITY FOR COHERENT MT! MODE

Beim Ntinbers A, 8, C1, 0, E, F,. G and HI

Ti 1/3268 T2  1/4950

PF C10

FOP~R ECE I VER CA3E 4

S PN RATIO (OB)
V.OCITY s.o 8 4. . 6. 10. 18.

so-f6.01 69943 ft.126 6.892 -as2 0. 764 6.9916
115. 0.003 0.616o 0.637 8.111 0#26S 0.495 o. 736
1I5 6S .060. 8.001 0.604 0.017 -0*06 so 173 0.38?
135*. 0.062 0.046 0.130 0*.095 0.3 IM t-456 .707

* 145. 6.019 6,663 0.1I7U 0.364 6.610 0.12 lie .945
Is$* 0 0-44 so 199 fog#$ 6 M.533 6 774? 90.92 69 .
I165. 0.639 0.117 to 276 0.56e9 0.7W8 0* 006 0.,977

1'7* * ,401 0.0$44 to129 0.294 0,S34 #4746 0* $ I
#*"I. 010 .004 1.014 - o0.59 0 6143 0. 32) $6.5

I M. 0.606 t 0.01, o 0.03 6.0*13 04047. .137 4.31.7

* Ave * 6.013 $4049 0.1Mt 0.226 6*394 so.$77 0.145

Ift. #0979 90.996 so 999 1.o0 1off II.s -
1t5. -.Con 90975 0.995 .0.999 lie.6 1.909

18. 0.60 0.6866 0.979 so.99#6 3.006 1o0*#
135. 0.692F 0.975 0997 t.o00 1.#0.. 1 3000
145. so.986 #o a.9 8.00 1.606 1.00 1 000
155. 0.996 1.* 06 1 .000 1#900, 1.0#.0 1:090

16. *~916 0*999 1.000 1.060 1.000 1.of"
175. so,960 0-996 1.0009 1.000 1.6000 1.006s
Its. 0.001 0-941 so.990 to.999 too". 3.000

1969.74 0616 #.934 8.994 1.6906 1.006

AVE a 67.77 0.956 $0991 6.999 100 we" too



TAKLE XVII

DETETIONPMOABILITY FOR CONHERENT MT! MODE

BeoamNunbers Aand E

Center (No. Beam Averag ing)
T, 1/4010 T2  1/2645

'O R RECER NER CASE I

6.LO I. ly 1.0

Its* see S*40 P 64665 Mo.)$ 84656 66143 0 26

its* 60#099 6.6341 0.0 1 @-.176 0.311 .3 067
125* 0.3 1 0. 0 so" 80.188 6.316 0. 469 0.012 .2

13$. 0.026 0.071 01 .96 0442 944-68 #a 71
045 .084 @#$IS 0. 046 0.114 if.22? 0.373 0-525

I** 1.off 41.01 6.099 96906 6.8123 0.0t72 0-0181
16s. .002 so0960 0.019 0.0s7 013-S 84,96 9 *46S
ITS. 0.010 0#632 44966 0.184. 6021 8*.47 0. 614

165 9,24 6.71 $,-1" O.291 0.4443 04*St1 0 717
195. 60.03S *.095 0.207 41. 3 07t #*SS 0,726 0:849

-AV9 fo0.0: 0.441 0.6095 0.189 248e 9t.430 0. S44

14. 16. Its 20. 22., 24.

10. 0.492 00681~ 0*.24 0.912g 0.959 9.962
Its* 0. 796 G~a:6 0.686 0.997 9.9S60-897S
12$. 0.819, 6o#9 0.922 f *950 0.966 0.980e
13S', .86 0.670 0.916 0.946 0-965 -0.978
145. 0*660 01,768 .0.849 0.90? 0#9A7 0.972
I 155. 06357 O.563 0.741 0-864 6*935 0.971
165. O*6.55 0.684 0.785 0.8$7 0.907 8.141
175. .0.733 0.86" 0.882 GV23 6.951 0.969
185. 0.811 6.890 0.939 6,969 13.96S 0.993
195. 0.92$ 009,65, 6.985 AN.993 *.,997 10.999

AVE Oo*639 0,794 4*872 0.92S 0.#957 1 097?6

.7i



TABSLE' XVI (Covitinued)

DETlCflZ 04_PROBABILITY FOR COHE.REI' MT! MODE

Beam Numabers.A awl E

Center (No Beam Averaging'

T, 114010 T2  1/2645

Pp 1O'-

MOR RECFI VER CASE

SIN £RAT1O (09t
VELOCITY 0. 2 4. 66 r. 14

1 1 5.0 . e ~ t ~ t g 0 ,f q ~t.~ t 3 0 6 4 6
* 12 ' 0 04$ 2.gt # ~ 40,0 1 0.759135. .3 3 0.oS9 a.t #.l Ltt - ItW 6 .74214. .006 tool0 Efw ts O14f 6.' ~14 *w 1 0.568of$ 0.* I.0 .n &41 f~1l 0.092 @.0

4165. 8.0023 *.S*9 44 t~ 0 .0w 0.e~

AVE . 114* C.n I.f a #,6 004.7? 'A8

$15. 0.15W ~tit j 1 4 0.9,30, #.M 0.4
~~~v J42. 9~ ¾$ .f .56 * t  0*fl

~~~~.2 1* 143 %aM 0. te 1#& .i .
155, &,14 069 *fa *9 t9 0.77

$:59740 Eli :1e *15 *?~ ~e

f9S.~f~ 0.94 0.97 0.en A.99 0v9 0.9
Av -VT *.taŽ44 *.Sqp 4.19 1 P0,937 8.96 4 A~9



TABLE XV.iI (COntinued)

DETECTION PROOABILITY FOP COHERENT MT! MODE

'Beam. Numbers A and E

Center (No Beam Averaging)

11 1/4010 T2  1/2)64 5

FOR RE~CEIVER CASE3

S/',' RATtO (0S)
YEL QC ITY Av. .6. 8 0 12,

10.0.0 0e0-3 0.* t12 a. OAS 0.1t1 0.335 0.593
* .. 11. 0.023 b. 078 0.200 0.391 4.60-0 a0.772 8.8683

0.&WI 0.20?a7 6.399 91.408 0.111 04*4b6 0.947
135- -8.066 0.179 3.-362 O.512 0. ?s1 0.811 el. 99

(445,0010 6,639 0.119 0*273 0.4?09 0.618 0.bZS
Is.e 0."ao 0.'081 0.404 0.015 0.'8 0.181 a.4110
165. 4.* t3 0.014 0.051 0.14 1 9. 0314 0.524 0.714

195. e-067 0.179 9.-3163 0-573 00.7S3 0.813 0.-942
19. 0.091 0.232 0.449 016684 0.869 0,.952 0.981

AV WT. 00031 O.iO a 0.211 .3 71 0.53$ 0.665 0.813 j
4. 16. 8 20. 22. 4

Va$s. 8 8$; 0.934 0.980 0.996 0*999 1,600-
fis. 0.945 *.q76 0.990 9.99) 0.-999 I -COs
125. kl.916 0.991! 0.99-6 64.976 0.999 1.6000
135 73 a 0. 98s a 09 9$ lk~ C9ý .9?9 1.*0800
14S- 0.9114 0.962" 0.f984 ig. 74 p.998 1.-00-0

* St 8.676 9~.t6s dh959 0.99L* A 1 -4) 1 -000
&1- 0 - IR 0.926 0 .9:67 0.9S6 0.99ý4 0.998.

* ' .14f7i 61,977 0.990 §.996 a* Q94 0.0199
ý85. 01971 0.992 9.998 0@.9ý?9 1 -ilofw ;¾'00
195. 01997.A.e 009C )-4J 1.f4 I-n 1000

A At '6 w$99 0.1161 3. 1 t .V)9' I*.I 4*.99



TABLE XVII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Ntm bers A and E

Center (No Beam Averaging)

T1 = 1/4010 T2 1/2645

PF 10-5'

"FOR RECEIVER CASE 4

S/N RATIO (DB)
V&LOCITY 0. 2. 4. 6. 8. 10. 12.

105t 0.001 0,,004 0.014 0.054 0.165 0,376 0. 637
115, 0.028 0,092 0.228 0,429 0.636 0.797 0.899
125. 0.096 0.235 0.437 0.643 0.802 0-901 0.954
135. 0.079 0.205 0,399 0.609 0. 779 0.C88 0.947
145. 0.013 0.047 0.138 0.306 0.517 0.710 0.846
155, 0.000 0.001 0.005 0.019 0.070 0.211 0.456
165. 0,004 0,017 0.061 0.168 0 . 3 4ce '.561 0.744
175. 0.031 0.099 0.241 0.444 0.650 0.807 0.904
185, 0,079 0.205 0.400 0.610 0.780 0.890 0.951
195# 0.1O 8 0.263 0,491 0.721 00880 0.962 0.990

AVE 0.*044 0,117 0.241 0e400 0.563 0,710 0.833

14. 16. 18. 20. 22. 24.

105. 0.842 0.9,48 0.986 0.997 0.999 1.000
115. 0.953 0.980 0.992 00997 •,999 1.000
123. 0.980 0.992 0,996 0s999 0,999 1.000
135. 0.977 0.990 00996 0.998 0.999 1.000
145. 0.926 0.967 0.987 0.995 0.999 1.000
155. 0.718 0.892 0.968 0.992 0,99S 1.000
165, 0.867 0.937 0,972 0.988 0.995 0.998
175. 0.956 0.981 0.992 0.997 0.999 0.999
185. 0.981 0,994 0.998 1.000 10000 1.000
195. 0.998 1,000 10000 1.000 1,000 1,000

AVE 0.920 0.968 0.989 0.996 0.999 i.0e0

74



TABLE XVIII

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T, 1/3268 T2  1/4950

PF =1

FOR RECEIVER CASE I

S/N RATIO (DB)VELOCITY 0. 2. 4. 6. 8. 10. 12.

105. 0.010 0.031 0.083 0.180 0.316 0.469 0. 612
115. 0.002 0.008 0,027 0o. 074 0.165 0.297 0.449
125. 0.000 0.001 0.004 0.014 0.044 0.117 0.252
135. 0.002 0.007 0.022 0.064 0,148 0.27?' 0.435
145. 0,014 0.044 0.110 0,221 0.366 0,518 0.653
155. 06032 0.085 0.182 0.319 0.472 0.614 0.731
165o 0.029 0.078 0.171 0,305 0.457 0.602 0.721
175. 0.010 0.032 0.085 O.183 0.320 0.472 0.615
185. 0.001 0.003 0.011 0.036 0.094 0.198 0.345
195. 0.000 0.011 0.003 0.011 0.034 0.092 0.201

AVE 0.010 0.029 0.070 0.141 0.241 0.365 0.501

14. 16. 18. 20. 22. 24-

105. 0. 729 0.818 0.880 0.922 0.950 0.968115. 0.594 0.716 0.808 0.874 0.919 0.950
125. 0.438 0.632 0.789 0.891 0.948 0.977
135. 0.597 0.740 0.848 0.920 0.961 0.982
145. 0.761 0.841 0.896 0.934 0.959 0.976
155. 0.819 0.881 0.923 0.950 0.968 0.980
165. 0.812 0.876 0.919 0.948 0.967 0.979
175ý 0.732 0.819 0.881 0.924 0,952 0.971
185. 0.512 0.672 0.802 0.892 0.946 0.975
195. 0.361 0.547 0.716 0.842 0.921 0.963

A Vl 0.636 0.754 0.846 0.910 0.949 0.972



TABLE XVIII (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T1  1/3268 T2  : 1/4950

j• PF :

FOR RECEIVER CASE 2

S/N RATIO (DB)
VELOC I TY o. 2. 4. 6. 8o. 12.

I05. 0.012 i.040 0.104 0.214 0.360 0,513 0.650
115. 0.00? 0.011 0.,035 0.093 0.i97 0.339 0.493125. 0.000 0.001 0.005 0-018 0.056 0.145 0.298
135. 0.002 0.009 0.029 0,081 0.179 0.320 0.4A83
145. g.019 0.056 0.135 0.259 0.410 0.561 0.689155. 0.041 0.105 0.217 0.362 .0.516 0.653 0.761
165. 0.037 0.097 0.204 0.348 0.502 0.641 0.752
175. 3.013 0.041 0.106 0.217 0.363 0.516 0.653
185. 0.001 0.004 0.015 0,046 0.116 0.235 0.391
-95. 0.000 0.001 0.004 0.014 0.044 0.114 0.240

AVE 0.013 0.037 0.085 0.165 0,274 0,404 0.541

14. 16. IS. 20, 22. 24.

105. 0.759 0.839 0, 895 0.932 0.956 0.972
115. %.634 0,747 0 ,831 0.890 0.930 0 ,957

125. 0.494 0.683 0.825 0.913 0.959 0.982
135. 0.641 0.7'"5 0,873 0,935 0.969 0.986
145. 0.789 0.960 0.909 0.942 0,965 0.980
155. 0.84A 0.896 0.933 0.957 0.972 0.983
165. 0. -4 0.891 0.930 0.955 0.971 0.982
175. 2!. 762 0.841 0.896 0.934 0.959 0.976
185. 0.560 0.713 0.833 0.912 0.957 0.981

0.412 0.599 0.759 0.871 0.937 (.971

AVE 0.672 0.784 0.868 0.924 0 956 0.977



TABLE XVIll (Continued)

DETECTION PROD,"BILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T= 1/3268 T7 1/4950

PF 10lO5

FOR RECEIVER CASE 3

S/N RATIO (DBIV OCIT ,20 46 6o 84•1 to 12,

105. 0.024 0.081 0.206 0.399 0.608 0.777 0-886
115. 0,005 0.020 0,070 0.185 0.371 0.582 0.758125. 0.001 0.002 0.009 0.034 0.111 0.279 0.526
135. 0.004 0.016 0.058 0.162 0.340 0.555 0.747
145. 0.037 0.113 0.264 0.469 0.669 0.819 0.910155. 0.082 0.209 0,403 0.611 0. 779 0.888 0.947165. 0.074 0.194 0.383 0.593 0.766 0.880 0.943
175. 0-025 0.083 0.210 0.404 0.612 0.780 0.888185. 0.002 0.007 0.029 0.092 0.229 0.431 0.646195. 0.000 0.002 0.007 0.026 0.087 0.224 0.438

"I"jAVE : 0.025 0.073 0a164 0.298 0.457 0.621 0. 769

14. 16. 18. 20. 22. 24.

105. 0-947 0.976 0.990 0.996 0.998 0.999
115. 0.875 0.941 0.974 0.989 0.995 0.998
125. 0.761 0.909 0.973 0.993 0.999 1.000
135. 0.881 0.954 0.986 0.996 0.999 1. 0JO0145. 0.959 0.982 0.992 0.997 0.999 1.000
155. 0.977 0.990 0.996 0.998 0.999 1.000165. 0.975 0.989 0.995 0.998 0.999 1. 00
175. 0.948 0.977 0.990 0.996 0.998 0.999185. 0.819 0.925 0.975 0.993 0.998 1.000195. 0.672 0.852 0.948 0.98" 0.997 0,999

AVF = 0.881 0.950 0.982 0.994 0.996 0,999

/I



TABLE XVIII (Continuee)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T= 1/3268 T2 = 1/4950

PF= 1-S

FOR RECEI VER CASE 4

S/N RATIO (DO)
VELOC I TY 0. 2. 4. 6. 8. 10. 12.

105, 0.030 0.096 0.235 0.437 0.643 0.802 0.901
115v 0.006 0.025 0.083 0.212 0.408 0.618 0. 785
125. 0.001 0.003 0.011 0.041 0.131 0.317 0.571
135. 0.005 0.020 0.070 0.187 0.376 0.593 0.777
145. 0.045 0.132 0.296 0.507 0.702 0.841 0.923
155. 0.097 0.238 0.441 0.647 0,805 0.903 0.955
165. 0.088 0.222 0.420 0.628 0.792 0.896 0.951
175. 0.030 0.098 0.239 0.442 0.647 0.805 0.903
185. 0.002 0.009 0.035 0.109 0.259 0.470 0.682
195. 0.001 0.002 0.008 0.032 0.103 0.255 0.480

AVE 0.030 0.084 0.184 0.324 0.487 0.650 0.793

14. 16. 18. 20. 22. 24.

1.05, 0.954 0.98.0 0.992 0.996 0.999 0.999
115. 00891 0.949 0*978 00991 0.996 0.999
125, (X796 00926 0.979 0.995 0.999 1,000
135. 0,899 0.963 0.989 0.997 0.999 1.000
145, 0.965 00985 0.994 0.998 0.999 1.000
155. 0.980 0.992 0.997 0.999 0.999 1.000
165" 0,979 0.991 0.996 0,998 0.999 1.000
175. 0.955 0.980 0.992 0.997 0.999 1.000
185. 0.544 0.938 0.980 0.995 0.999 1.000
195. 0.710 0,875 0M9SG 0.989 00997 .0.999

AVE = 0.897 0.958 0.985 0,995 0,999 1.000

.78

4'-



TABLE XIX

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T= 1/4010 T2 = 1/2645

PF = 10-6

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE
= 01t1I

V PDIA PDIB PDS
105 0.557 0.711 0.872
115 0,045 0,901 0.905
125 0.000 0.937 0.937
135 0.000 0.932 0.932
145 0.052 0.872 0.879
155 0.568 0"552 0,806
165 0.823 0.000 0.823
175 0.904 0.000 0.904
185 0.932 0.340 0.955
195 0.939 0.832 0,990

AVERAGE PROB. = 0.900

GIVE SN OF SINGLE PULSE* AND RECEIVER CASE
= 42.1

V PDIA PDIB PDS
105 0.267 0.454 0.600
115 0.003 0,780 0.781
1?5 0.000 0.856 0.856
135 0.000 0.845 0.845
145 00-004 0. 724 0. "25

155 0.278 0.262 0,467
165 0,632 0.000 0.632
175 0.787 0.000 0, 78 7
185 0.846 0.098 0.861
195 0.61 0.649 00951

AVERAGE PROB. S 0.750

79)



TABLE XIX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T= 1/4010 T2 = 1/2645

PF = 10-6

GIVE SN OF SINGLE PULSE* AND RECEIVER CASE
= 16*55, 1

V PDIA PDIB PDS
105 0.055 0,161 0.207
115 0. 000 0.543 0. 543
125 00000 0.680 0,680
135 0.000 0.659 0. 659
145 0.000 0.455 0.455
)55 0.060 0.053 0. 1 10
165 0.332 0.000 0.332
!75 0.554 0.000 0.554185 0. 659 0.010 0,662
195 0.688 0.353 0@799

AVERAGE PROB. = 0*500

GIVE SN OF SINGLE PULSE, AND RECEIVER CASEiii•; = 8 6.5 •2

V PD2A PD28 PDS
105 0.5 55 0.710 0.871
115 0.041 0.90: 0.903
125 0.000 0.937 0-937
135 0.000 0.932 0.932
145 0.048 0.872 0.879
155 0.566 0.550 0.S05
165 0.823 0.000 0.823
175 0.904 0.000 0.904
;85 0.93P 0.335 0.9 5
195 0.939 0.-3. 01990

AVERAGE PROB. 0.900



TABLE XIX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

TI = 1/4010 T2 = 1/2645

PF = 10-6

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE
36.2,2
V PD2A PD2B PDS
105 0.264 0.453 0.597
115 0.003 0.781 0. 782
125 0.000 0.857 0.557
135 0.000 0.846 0.846
145 0.004 0.725 0.726
155 0.275 0.259 0.463
165 0.632 0.000 0.632
175 0.788 0.000 0.798
185 0.846 0.094 0.861
195 0.862 0.650 0.952

AVERAGE PROB. - 0.750

GIVE SN OF SINGLE PULSE* AND RECEIVER CASE
14.35,2
V PD2A PD2B PDS
105 0.052 0.158 0.202
its5 0,0000 0. 545 0. 545

125 0.000 0.682 0.682
135 0.000 0,661 0.661
145 0.000 0.456 0.456
155 0.057 0.050 0.104
1 65 0- 332 0. -00 0- 332
175 0.556 00000 0.556
185 0.661 0.008 0.664
195 0. 691 0.353 0.800

AVERAGE PR0F0. 0500

4 :



TABLE XIX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T= 1/4010 T2 1/2645

PF= 106

GIVE SN OF SINGLE PULSE* AND RECEIVER CASE
2 30*3

V PD3A PD3B PDS
105 0.402 0.657 0,795
115 0.003 0.942 0.942
125 0.000 0.975 0.975
135 0.000 0.971 0-971
145 0.004 0.909 0.909
155 0.419 0.394 0.648
165 3.840 0.000 0.840
175 0.945 0.000 0.945

185 0.971 0.138 0.975
195 0.9"7 0.855 0.997

"AVERAGE PROB. 3 0.930

GIVE SN OF SINGLE PULSEp AND RECEIVER CASE
- 15.65p3

V PM3A pD3B PDS
105 0.i40 0.360 0.449
115 0,000 0.836 0.836
125 0.000 0.923 0,923
135 0.000 0.912 0.912
145 0.000 0.760 0.760

155 0,150 0.135 0.265
165 0.62A 0. 000 0.624
175 0.844 0.000 0.844
185 0.912 0.025 0.914
195 0.927 0.650 0-974

AVERAGE PROB. = 0, 750

Y.



TABLE XIX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

Ti 1/4010 T2  1/2645

PF 10-6

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE
= 7.#,3

V PD3A PD3B PDS
105 0.017 6.085 00100
is15 0# 00 0.561 0.561
125 00000 0.751 0. 751
135 0.000 0.723 0.723
145 0 .000 0.434 0, 434

5 0.0,019 0,016 0.034
165 0.268 0.000 0. 268
175 0.576 0# 000 0. 576185 0..723 0*0102 0. 724
..95 0.762 0.296 0.832

AVERAGE PROS. 0.500

.IVE SN OF SINGLE PULSE, AND RECEIVER CASE
u27 8p A

V PD4A PD4B PDS
105 0. 399 0.656 0.794
115 0.903 0.943 0.943
125 0.000 0.975 0.975
135 0.000 0*972 0.972
145 0-803 0.910 O.910
155 0.416 0.391 0.645
165 0.841 0.000 0,841
175 0.946 0.08 0.94
185 0.972 0.134 0.975
195 0.977 0,855 0.997

AVERAGE PROS. 0 .900

S i i ii i • m i m l ii i ii



TABLE XIX (Continued)

DETECTION PROBABILITY FOR COHERENT MTI MODE

Beam Nambers A and E

Center (Uo Beam Averaging)

T 71/4010 T2  1/2645

PF 10"6

GIVE SN OF SINGLE PULSE, AND RECEI VER CASE
S14.55,S*4

V PD4A PD4B PDS
105 0.136 0.358 0*445
I15 0.000 0.838 0.838
125 0.000 0,924 0.924
135 000 00913 0.913
145 0.000 0.761 0-761155 0#,47 0.131 0.259
165 0,624 0,000 0.624
175 0.846 0.000 0.846
185 (6,913 0.023 0*915
19"S 0928 0.65.1 0.975

AVERAGE PROS. g,0750

GIVE SN Or~ SINGLE PULSE, AND RECEIVER CASE
S6.7#4

V PD4A Pfl49 POS
105 0.015 0*082 01096
Its 0#000 0-.56-P 0-6
125 45-000 0.753 0.753
135 0.001 0.725 0.725
145 0.000 0.433 0.-133
155 0,017 0.014 0.031
165 0.266 0,00.0 0.266
175 0.577 0.000 0.577
185 0.725 0-Col 0.725
195 0,764 0.293 0.833

AVERAGE PRjB. 0.5so



TABLE XX

DETECTO1N P-OBABILITY FOR COHERENT MTI MODE

keam Nunbers A and E

Center (No Beam Averaging)

T, 1/3268 T2  1/4950

U10-6
-. :-" ~PF = 1 "

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE

V PLIA P0188
165 0.000 e.916 0.916

5ts 0.003 0,863 0.863
125 0, 543 e. 728 0.876
135 0,853 0.379 0-909
145 0.927 0.-10 0.928
155 0.946 0.0•06 0.946I 65 g 9 44 0• 0eg 0. 944
1•,. 75. 0.917 0*006 9.917

I85 -813 0. 349 0- 87"8
1• 95 10* 37? 0.714I . 0o822

AVERAGE PROB, 0.900

GIVE SN OF SINGLE PULSE. AND RECEIVER CASEi{.']' 50.7. I

V PD A PD|B PDS
105 0g0g 0'99 17 0.g817I115 0.we e 0.714 10. 714
125 0.2f3 0,490 0g 62-4135 (.696 0t129 0.735"145 0.840 0.001 0.840

1ss a-880 0. 000 :4880

175 0.818 0.000 0.818
185 0.624 0.109 6. 665
195 0.124 0.469. 0*537

AVERAGE PRO8. ; 0.750



Beamtsi~ers~ndE TABLE XX (Continued)

OETECTION PROBABILITY FOR COHE.RENT MTI MOD-E
remNmer n

Center (No Beam Averaging).

Ti 113268 T2 . 1/4950

GIVE SN OF SINGLE PULSE# AND RECEI VER CASE

v JPO1A P0)13 POS
10 .00 0.614 .1

115 0.8610 0-449 .4
125 .057 0-197

135 0. 424 9*il6.0164
145 0.656 0.000 0.656

155, aela 8.8 .733
1.65 0. 724 0,0~ 00.724

175 0-617 0-060 0-617
185 0#333 0.012 60341
195 a0106 0. 180 0.43

A VERA Ot PROS. 050

GI VE S44 OF SINALE PULSE, AND RECEI1ER Cs,

101#03o 8gI

Its 0* 091 0.863 91*9"
25 0.542 e. 728 06.75

135 0.1154 9.3T6' 0.909
145 049P7 04009 *. 9
155 0.947 l. 000 0
165 0*744 0.090 0.944
175 0.91 0.085 0.917

185 0.813 0.34 087B
195 0.374 0.714 .1

AVERAGE PROB. e.900



ON PPC PFLTTy FOR COH'ERENT MY! MODE

NI b~ %~~eam Averaging

- a- /fl68T2. 1/4950l

Sý1-l4 S? OF SINGL.E PULSE.y ANJD REEIMVER' CASE
a43. at

v PO-ZA PD28 1D

Its 0.0 07i4. 87 14
125 0.!2 66 0, 4#1 0 §62 1
135 0.696 1.2', 4W34

$5 0.840 0. 1Z a 0*640
15S 0.S-Il1 10.000 0.881
16$ -.7 6 0.000 08186
115 0.8r9 0. 000 881
185 0,6204 0. 010 fK.664
1915 01,123 0.468 0.513i

AVVRAOE PROS. 0. 74,0

G1V t- -107O SI4OL4E PI)LS-E. AND RIECE1 VtR CASE

V PAP0291 PDS
.105 a.00 .s616 -1
Its1 e 0S00 0.451%AS
125 it.054A 0.194 0.238
135 60.424 0.0St5 0. 43-
145 0608 0-10100 0.65$
155 0.135 0.6090. .3
165 P. 724 6 a00ON 0 -7a2 6

05 06I a0.il00 i ý6 i
ISS 0 - "A 0.911 .1
195 0.014 a. I 7B a49

AVERAGE PROV. G.S00



TABLE XX (Continued)

DETECTION PROBABILITY FOR rnHERENT MTI MODE

Beam Nwmbers A and E

Center (No Beam Averaging)

Ti 1/3268 T2 1/4950

PF= 10

GIVE SN OF SINGLE PULSE, AND RECE.IVEP CASE
3-- 3-". 63
V PD3A PD31 PDS
105 .0.000 0.956 0.956
115 0.000 0.895 0.895
125 0.375 0*681 0.801

.1• • 3.5 0.802£• tThe 1.g,9000
1- 45 0.966 0. 000 0*966

Sl155 0.981 0°000 0.991

!.!•65 0.9 0/9,000 0.9 79
1 I75 0-957 0. 000 0,9 57

':Iss 0 -8 2 2 e . 14 2 0 ,8 4 7

S195 0, I J9 0,657 0,-715

AVERAGE PROS. 0,900

GIVE SN OF" SINGLE PULSE,6 AND RECEIVE.R CASE

V PD3A P03B PDS
10l5 0-000 0.877 0.S77
115 01, 00 0* 7410 0,741
125 0,1t32 0, 403 0*482
135 0. 713 0. 037 0 72-4

14A5 0,903 0* 000 0. 903
1 55 04943 00000fl 0.943
1 65 0.938 0*0100 00938
175 0*8•79 0*000 0* 9$79
195 0. 606 0*028B 0, 1
195 00 036 0. 314 0, 397

AVERAGE PROB. 0 ,.750

F*6



TABLE XX (Continued)

DETECTION PROBABILITY FOR COHERENT MTT MODE

Beam Numibers A and E

Center (No Beam Averaging)

T= 1/3268 T2 = 1/4950

PF = 106

GIVE. SN OF SINGLE PULSE* A ND 6ECEI VER CASE
= 895# 3

V PD3A PD38 PDS-
105 0.000 0.662 0.662
115 0,000 0.4Ž7 0 427
125 0.018 0.117 0-133
135 0, 391 Fj, 0.03 0*393

ARA5 GE.7R 9 0."00 0- 719
155 04818 06000 0,818

165 0.0906 0.000 0.806
175 09666 0.000 0.666
185 0,269 0.002 0.271
195 0.003 0.102 0.105

AVERAGE PROB. = 0.900

GIVE SN OF SINGLE PULSE, AND RECEIVER CASE
: = 32.P4

V PDaA PD4B PDS
S105 0.000 06956 0.956

11 IS 0.000 0.89S 0. 895
125 0' 371 0" 680 0. 799
135 00882 0*1!66 0.902
145 0#967 0"000 0,967
I 55 00991 0*000 0.981
165 0,980 0-000 0.980
175 0,957 0,1000 0.957/
195 0.823 0,137 0,847
195 0,1I64 0,6 •56 0. 712

AVERAGE PROBe 0*900



TABLE XX (Continued)

DETECTION PROBABILITY FOR. COHERENT MTI MODE

Beam Numbers A and E

Center (No Beam Averaging)

T 1. 1/3268 T2  1/4950

PF =10-6

GI VE SN OF SINGLE PULSEP MND RECEIVER CASE
1 7*3#4
V - PD4A PD4B9 PDS
105 0*000 0" $79 0,9779
.115 0-000 0-714 0,741
125 0.01*2,8 0.402 0.479
135 0.715 O&M3 0.725
145 0.905 efo0G0 0.905
155 0.*9 44 0.000 .00944
165 0.940 0.000 0.940
175 0.88as1 0-000 0.881
185 0.60.6 0*026 rde 617
195 0:034- 0.373 0.394

AVERAGE PROB. 0.750

GIVE SN OF SINGLE PULSE# ANEYRECEIVER CASE
=, 835.*4

V PD4A PD4B PDS
405 0.000 0.664 0.664
115 0*00~0 0*427 0.427
125 0.016 0.115 0.129
135 0.391 0.003 0.939
145 0.722 0.000 0.722
155 0-820 0.000 0 8;20
165 0.899 00000 0.809
175 0.668 0,6000 0,668
185 0.268 0.002 0 269
195 0.003 0.099 0.1(32

AVERAGE PRO B. z 0. 56

90



TABLE XXI

S/N FOR SCAN MODE PF l0"

Comparison Ward - Vannicola

Probability of Detection

50% 75% 90% 95% BEAMS

Ward 4.4 6.8 9.4 10.9 Center A only

Using Barton 5.8 7.8 9.7 10.7 AUB Position Average

Vannicola Using 4.5 7.2 9.8 11.7 Center A only

Appendix B 5.7 8.0 10.1 11.3 AUB Position Average

V



TABLE XXIl

S/N (OB) FOR 75% DETECTION PROBABILITY

BEAMS SCAN MTI MTI LOSS

Ward PF 10-4 12 AUB 7.8 14.8 7.0

Average Velocity 12 + Q2  AUB 7.8 11.1 3.3

12 AUBUCUD 14.3

Vannicola 10-4 12 AUB 8.0 19.1 11.1

Average over all T 12 + Q2  AUB 8.0 15.0 7.0

Vannicola PF = lO5 12 Center 5.2 14.9 9.7

Average over all T 12 +Q2 AUE 5.2 11.0 5.8

Vannicola PF 10-5  12 AUE 7.4 17.0 9.6

Average over all T 12 + Q2  AUE 7.4 13.0 5.6

F- P 10"5 12 AUB 8.8 19.1 10.3

TI 1/4010 T2 = 1/26451 J2 Q2 AUB 8.8 15.0 6.2

IF lO- 12 (AUB)U(EUF) 6.7 14,7 8.0

T, 1/4010 T2  1/2645 I2 + Q2 (AUB)U(EUF) 6.7 11.6 4.9

___________________________"________"____________" 1______"___ ________.___

•! ()



APPENDIX A

DETECTIOGN OF SLOW FLUCTUATING TARGETS

WITH FREQUENCY DIVERSITY CHANNELS

by

Vincent Vamiicola

Initroductiont

In this appendix anl exact dlosed-form expiession for the radar detection probabhility is derived and tabulated for
a frequency diversity radar receiver. The receiver model performis post detection integration on all received pulses in

all dliversity channels. The target model assimied is tie slow fluctuating Ray leigh-dist ribu tedl (Swerling Case I Target)
scatterer. Each of the M frequency diverse channels receives N amlplituide co-rre'3ted r~turns to give a total of NM
post square law detection integrations. The tabulated data computed herein falls between the two extremve cases;
that for which all the returns are aniiplitude ý;orrelated and that for which each ý-cturn is independent. The piuttcd

results fall close lo the figures obtained throulgh simple emp~irical relationships.

Returns trom radar targets getncrally fluctuate in amplitude and phase ai.,ordinlg to snine probabilitv density
fuinction and sonie fluctuation rate. If one is to analytically detcimine the detection probability foi a par dcular type
of target in a noise environment, it is necessary that the statistics of target return and noise be knowvn. Although it is
not always possible to characterize the ac:tual target return statistics, one cani make a good appioxiniatioll which
gives remarkable results for a wide variety of targect and nuise siwuations.

The four target cases nwideled and evaluated by Swerlingi 11 are well kit, wn lo radar engineers and have met with
great acceptance. The situatjifl, which these cases cover are of twe. extrom -s:

I. That of a slowly fluctuating target where the cross section is random and remains correlated during thle wall
time. The pulscs reflected off such a target are correlated with each other in amplitude during that scanl although the
lpulse-to-pulse phase may) be indqependent.

2.Th~at of a rapidly fluctuatiag target where the cross section becomes uncorrelated fromi pulse to pulse. the
received amplitude and phase are independent from pulse to pulse. The noise in all four models is zoro-nwan white
G.aussiant.

Ani excellent treatment of'thes foul cak-i ii .,dven by lDiFranco and Rubin l2J wherein t~ii:tmtunit recccver aloing
with its performance is derived and plottet' -ýIrves,

For partially correlated reec ivid iukos, several papers hav.e beev writ tenl,

Swerling has devclopewd 131 a incthod which is applicable to a large family of'probability densit\ funtion60li and bor
fairly general correlat ion) proret tics of thC Sigi,,l hloctoatiuS. I I is lmenho4i yields thle characte ristic I'll niku~i of the i
probability density oft sium random variables defineu ;is Y, To obtain p (Y) and lid with thi:, vtechnlikue requires
comlputet evaluations.

6 1 al 1 464. pjiJdiiV rrc:!-T't .'a' lo N tnaRalthan'plw 1.4~ f.i 'k . 1~,%.,
be expected, his cuirves tall between those tf' thei t%4 o xt.ne , cro correlation and completv Correiaon

lIn a recent paper by BartoniI anl alpproxinate formtula is givon ton determiniing tdie signal-to-noise wip~ilrcd 1iir
a given detection pro!. tbilitv when there are N pulm::ý repi ewitting n1, inýeidn .gnal Sample%. l~it. liltelhod is
based on J very sul pt.- e nip min al cic a ton sI imp M..Itcli apl tears to iii enpola t e etwemico contltlc e :or eti'ikitwn mid A ro
clltrefatioti Irom puk I ;.I! tk. F or lie exil Itplc.ý tcsNted it i1 1h%~ i\ [t hu H;fpo~itnesm nnakol iua
rosul!'

A-1



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
Rayleigh amplitude density function 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- I. Each of the MN pulses has
independent Gaussian noise, and each 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 1

DETERMINING THE TH1RESHOLD FOR FALSE ALARM

The output probability density function for no signal present may be written from equation [2] (10.4-17) with
MN representing the total number of pulses and the variable Y representing the "convenient modified form" of
equation (10.4-4)

MN

y= .4.2  (A-1)

i=1

P(Y 0) yMN-1e-Y(A2
(MN- )!

From (A.2) we may write the false alarm probability using[2] (I0.4-18a)

r f YMN-10Y
PF f p(Y;0) dY ( MNI)- dY(A3

.- •Yb Yb

This Integral has been evaluated by Pachares[7i for I -4 MN < IS0 and false alarm probabilities equal to 10"m'
where m' is an integer ranging between I and 12. Using the Pachares tables, one may obtain threshold Yb to four
•decimal places.

DITECTION PROBABILITY

Next the probability of detection is derived We may start with the characteristic function.of the signal out o:
the N pulse integrator which corresponds to the Swerling Case I given by DiFranco ,nd Rubin[21 in 1.2-23) and
is repeated here.

(.l)N
(A,4)

CY1 Ai (Ii NAo*(, + jV)(-I +jV)N-
I + NAo 2

.' ,'is th- ' of 11,e target return signaL

A-2
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When we add M of these outputs through the adder,
M

Y 'Yi (A-5)

i= I

where Yi having amplitude Ai is independent of Y], i j j, the result is

(.I)MN (A-6)

Cy()AAi.... AM (I+NAo2) M ( I +jpIl(.- +jt)M(N.I)
I + NAo 2

p(Y) =p(Y. I)

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

CY(O)A 1, A2 ... AM

:(.l)M- (.I)M(N-I)+ I
I.-. + + NA 2.I -+ j t)(- j-)Nl(N-I)( O A (+ - - 2j)M-)(

I I NAo- l+NA02

Next we use the results oi'[2 (I . which allows us to write the anti-characteristic hianctin of the second
"actor of (A.7)

.' I , . +(A.S)

I M(N, I0 ti! (t+ Oslo

"wbher thi substitutioi 0 ' -I/( 1 + NAo2) has been made.

The firms factor In (A-7) resuits in (M-I A)-okl iiftcgmt i-oo over the inco'm.tptt pamma mum'itwti t , IMItN, -.
(0 + .)ZI of (8) with the ..dditio.;,l mu11ipl60 1 in older I) 11hoaa IY. 1. Il'h itr1h) bilIt v 'h'nkitv fuilatio'n
-i(y) is thu. wttten

Y !- .

•( I + •)Nt(N.) j O " M(~ I

0 0
.i. r(A-9)

"r"Ths (M. I) fold integral is evaluatmd by expanding the ntnegrand (81 to the forrm

,.... , x3 ln.
(ni)' X) + (, XI)

A\-4



performing the integrations, and collecting terms. The result is

/ .( 14i
-(Y Omeft__ [(I +G)yIM' + ( I.,I- (MN.2-i)!

(I+ pN(M (MN (N-1)(N.

(I) + Ow~d +. $etf M -- )!( )~A-I 1)

PN Fa NI NA- 4)! (M.1)

Pt Y (1.1( )d (A-! 2)

(win vhc u' n be f~n i asml t manltt;t b ed altr cltng t ie a pgfuiot, andclet in h t ermst . I'li b xrn~o hlsl) resultsI
cain becotraict ui ngk~ the mcot plt ani uctin law nacrigw tulo ( o()t il

{A. I iMN)4 :T'ýi I i lig o whe
I'Dc Iain -eit (ski tepn~dt~iniIe + ot. 0 nd grac hnth nep

es~r~bnieq (iI +01N I(I Ik (Mep~~' -kwc hvJ -il!

M N po- cti'A' Mndidl

wn hing I 4bo tivcuylhoe J w Mj 111tic Jelflikigue hwS. In MNni' lei~e tta~s-~ aeaam pnai~

IVa Cthese li tat cqu t a ibtwee' the twit antem byW¶ e thnM 3.S amc "I ia0t 149v 40011 iwdnt "ose IIel

[lie taigot Wigptit A I'm n ,s Ics Rthan istile rto 'Ithe tJ11 nht e replotIq n g 111 grea ~te the invixige jvimi'tsnsa H itt
r-llleiti~f lsi h ~n c t tn- Ina 14;1111 OfA 13,'t that tCi~nijteleC Ai wthc;O1A01Iiutt .~-n .ai cqrc ofMill Cte
filenup Itei.sr ionI thn ju p krNicth imemct' hs onsAt h usswhc eenste am.euto A

Res~~~i ~~-SV -td:~r x.vi i~ ssbhjw ' eetst ~ Clla o*irbh\~ ~ i

COMMIHON~ R1 SANO'11 WSOIR

I-qa.in A I)s wJt~otl i n ... hw1jt -~Cc1tl w ;O
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The computer programming ran into some accuracy difficulties when the number of channels M was made large.
This was due largely to overflows and undefflows encountered in the terms of equation (A-1 3). A discussion on
this topic is presented in Appendix C authored by E. Bromley who did ali the programming for obtaining the
numerical results reported herein.
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APPENDIX B

DERIVATION OF PROBABILITY OF DETECTION
FOR THE FOUR MTI RECEIVER CASES

by

Vincent Vannicola

This Appendix presents the derivation of the probability density function of the variable Ri and computation of
the threshold -fi for each receiver case.

The receiver cases are shown in Figure 3 of thW basic report. The. input ino each port is a zero mean Gaussian
randomn variable with vamnce a2. (This variance may be either 002 or 012 depending on H. or H1.) For simplicity
"let us denote the inputs by x1, x2, etc. Then the input pdf at each port is

px. (X) =---exp (.x

(A) The pdf of the output o the absolute valuer is obtained as follows

pIxl(iXl)= IJtPx(X) O + IJJIpx(X) (B.2)

where

Letting u I XI -Xl we havc

pu(.J): exp( ) : O (B-3)

Spu(U) o < o

Since • 1 is the sum of the two independent variables u I and u2 we may obtain the pdf of Q I through the
convolution integral

p 01 (i) f pu (1 " u) pu (u) du

' 2 of exp(-[l'U12 + U2) du

v7,-2 f 20?

I = exp e)rf (,I1 (H-4)

4 20
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- _....__ __"__ _ . -- =. ..~

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

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

PF pl! (11)d =._.l ef( exp
f -V/1-ra f 2o.

= I erf2 = I -lerf2(..L)
2o 0o 2o (.5

For PF 5 x 10-7 we have

- PF = "erf2 (" )5 x 10-7

2oo

PF [1 + erf( IL)1 -. erf( - 5 x 1o-7 (B-6)
2o0 2ao

We see that erf(- ) is almost unity so (B-6) reduces to

erfc ) 2-5 x 10 7  (B-7)

Solving. for y i [ 1-elthe threshold, we get

1= 3.65 (2o0) 7.30 oo (B-8)

which agrees with (12-A).

The detection probability is obtdned by wvaluating the same integral in (B-S) except that the variance is
different.

Pr etf2 I - r?2- (B-9)
-2al 2oj

Which is of the form carresponding to (14-A).

(b) This case is simply the sum of te square of two statistically zero me.,n Gaussin random variables.

•.92 =X1 2+ X22 (B-10)

B-2



Its probability dcssity function is de-iw,'i t may texbooks. Since it is simple to derive we will go through the

basic steps here. We get

2 t. = xI coso

'. -. ) X2  = / 2. sineO

giving a Jacobian 1i --.... cosO1 .-. sin 0

2V 2\T I (3410? '.-c s

Thetransformation may be written

PR20 Qi2c-1 J7 I pxI, X2 (XI, X2) 42

The pdf of 92 is then evaluated

2ir2
P22 (R2) f P£20 (R21,0) dO exp - -) (B-13)

.2a2

0

and is in agreement with (7-B).

In a manner similar to finding threahold and detection probability of case (a) we mny write

0 2 72

PF Rf P 2 ( 2)dR2  "e2 °-e 202 5x 10" .. 72 290o0 (B-14)

"72
72

which agrees with (12-B), and
00

PD = -exp (-- )=exp(. ) (B-IS)
2Ol2 2012

72

which corresponds to (14-B).

(c) To start with we may use the results of case b which have just developed. The pdf for y2  2 £2 is
equation (7-B),

Py2(y2) exp(.Y2) (B-16)
-202 202

and through a simple transformation

B-3



we see as expected that y has a Rayleigh distribution

)py(y) = 2  22 (B-17)

Now the pdf of

"3  Yl + Y2 (B.18)

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

PR3 (93) PY(Y)PY (3 y) dy

Q3
IvYexp y2)[ Y -L exp(- 3Y)dy (B-19)

J 02  102  0 2  202
0

202 2o2 2o 2.2 2a

This is an agreement with (7-C).

The false alarm probability is derived by integrating (B-19).
C*II

PF ] P•3 (V3) dQ3  (B.20)

Y3

The integration may be simplified by a change in variables

20

giving
cc00 f f*S: PF ] 2aexp (-2a 2) da +Vw/r J 2a2esp (.a2) erft(a) da- V/• exp (-a2) erf(a) da (B-21)

73 73 73
2a 2a

The first integral of (B.21) is
00 0

f 2a exp (-.a2) da = j exp (.2a2)

"3 1€3
2o 2o
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f33

00000

-1/1 faa exp ( -a2) erf (a) d rf a)- ep(2)
^ 73 3 1
2o2o2

an h tidi 00 00

V~i f aaexp (-a2)rfa ! erf 2 (a) d -I..J exp (.a2 )

73 73 -3
2o 2 2o

Combining we have

00 00

a exp (.a2) crff(a).- exp (-2a 2

-13 -73

_ xp 73 2Z erf(-41) + exp (B 2 )(-22)
2oo 40 2 2a o~

which is in agreement with (I1I-C).

To find the threshold -73 we se PF equal to 5 x 10,7 and note that for the large Valuc 017Y3 which satisWes this
condition Imh following approximation holds:

a exp (.a2 ).Si 1 5 x 10-7. (8.23)
vr,

Equation (B-23) may be put into logarithmnic form giving

a2* n (A) + 15.0

and through trial and error we find this relation to bt satbWle when

&al~l u4 OS
2oo

'Y3`8-1 Oo (6-24)

whkh W~oes with (12-C)..

ItI



The detection probability is simply

PD o exp . erf(- ) + exp 3 (B-25)
2.. 4012 21 2012

in agreement with (14-C).

"(d) For this receiver case the variable R4 is the sum of two independent variables yj2 and Y22 each having
probability density function as that ror k2, of case (b) given in equation (B-I 3)P

- -- •2 a .. . 22
-..... . 202* I Since

-4.Yll+Y2+ (B-26)

and
.py2 (y2)= 2py22 = (y2) (2
P-P 2 (y2) =P2 P 2 (2) (B.27)

for Ri Y2 the probability density function of 24 may be derived from the convolution integral

14

• .. PQ4(04) =_1 exp( ) i exp q4- R0 • " 2 22- dq.2

J 202 222
0

94
C 24

e- exp !--(
4o4 2o-2

giving the same exprmsion as in (7-D).

This is recognized as a chi square distribution with four degroes of freedont as should be expected.

Now the false alarm probability is

I4 f7
Z. . .0Ž .(

74 f74

•- i 4o4 206



=..4 + l)exp(. )2002 2uo2

which corresponds to equation (I I-D).

The threshold may be evaluated by setting

pF( 1..4.. + 1)exp(. 74)5x 10.7
20o2 2o 2

or in logarithmic form letting a
2oo2

a In(a+l)-In5+7 Inl0

a In(a+ 1)+ 14.5

and solving for

a =17.5

we have

.47 3So%2 (B3'5),

which corresponds to equation (12.D).

The detection probability is obtained by substitut,•g into equation (8-29) a 12 for 02 and the va"ue for 74 of
(W3o) and rult in

P- - + 1)~(2) (8.OW3))
-.. 2012

This cortponds Io equation (14-D).
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APPENDIX C

"COMPUTATIONAL PROCEDURE FOR PROBABILITIES OF DETECTION

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

PD= I il 0"' (D(+ Mn-i 0) y~+ 1. Oyu)
p(Nm+ N I) (n- )! (m-)! I!

Li=0

"~ ~~i ÷ E p n m-jl! (CJ-,Yon.01 Sj "P' ' I•('z
whererm=Ml-I

n a M(N. )

11 + NA 2

• : : p "wJ 1

I.(k, x) ncomptve gamma function

The evaluation of ths function presents stne computational dliiultls which were not entrtly revAoved in the
"Urie available. IPoa typkial values of the pwtneters many of the w4umitit (the factoials, , or -k. z) ) become "
."tef than 10- t less thin 10-39 4nd xceed the capacity of the coputet. Thh problem was omercm e vemy
Amply by t44i4 loaithno 1 ,twvt. fo vasu invulving relatively larpe m and low S!N ratio the numbers
com..ipnta thewmintlons becomne very kW]ge and oppoute 1t sigp. For exunpl, for n % 14 and N e 2 the lrest
:-..-tems are on the oe of I020. Sbice the fIna arwer is a pto 'thliy., it mnu L.e between 0 and I. As such moct
than 20 plae accuttcy is requited in the eints of the wmmatlons. w*htte si-tl precision on a cumputer offers
only 8 places. Alw, much tswtr accuracy ca be required tot othr combinatmios of the pusameteo.

Foc the potent we have not incluied meailts ove" " e entirer n of interest of inl the viamhe, It is expected.
"however, that the -:t(pfek cowus be mewriten ot i-"xpmd to be ve. t0ble with the lhmitation4 of the
computa, The fbol&wing is a listi of the a 'us Foortan Propam u'd to c"k,: ate the readuh
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10 COMMON FAC(400),H(200).GAM2C2.200)sISIG(200)
20 COMMON PDT(30),YO(30.5).NPR(30,36).NP(30).A(20)
60 READS NT
70 READS NC
80 DO 8 lu1.NC38 HEADS (YO(IoJ)*Jn1.5)
90 HEAD: (NP(1)*IulpNC)
100 DO 1 1.4t'A~*N 1
110 10 HEADS (NPR(IPK)PK=1,NPAIR)
120 DO 55 1-1*9)55 ACI)-2.**-10.
130 ISIGC1)w1I
140 DO 81 Iw2#NT3J~mI-l.8l 1SIG(I)ft1*ZSlG(J)
150 2 FORMAT C3X.F12.4,6Xp12.6XI3.6X.F7.2,6XV12.8)
1 60 FAC~i) a 0.
170 FACC2)u0

*180 DO 80 £a3,pNT
190 J01-1
200 80 FAC(I)uFAC(J)+ALOG(FLOAT(J))
210 DO 6 £1.1n*VCJNPAfl~a2*NP(11)
880 D0 6 K.2.NVPAIR*2JKIK-1mKIMuNPRCl1.KDlNaNPR(11,C)3XN=N
922 PRINT 102.IIsMii02 FORMAT ("- FOR N *"%13*** AND K a"#13)
929 PRINT 104;PRINT 103.(A(I).1a1,9);PRINT 1203120 FORMAT ('"0"
230 DO 6 Jia1.C3Y*YO(11,4)
833 104 FORMAT ~-4SIN RATIO COB) ~
836 103 FORMAT Y' Y #P6
240 M4NPR(ll*KI);w.NPRJI(11KJXNsN
244 DO 5 MlmA.9JA2*0*
246Am1.*A1)2)
248 8&TAsw1 .1(1 .XN*A0*AO)

*250 P~mBETA*Y
252 KSbN.1JCAUf. GA(a~t4S*P)
855 8 1 A.L0r(-k0
858 N$a(M* )*(N-1 )JROABSETA*1 .iRlaALOG(ROA)

80N6*N*M+N-1
870 IF(I41EQl.1) CALL GAC1.NS*Y)
297 DO 4 1.lN$J1AatfljMI2.M*2Jt413mSZO(Mt42)
274 H2wAL0GC7AC2(N$,MsdA))
876 X3s(M+1)*81JH4w(N6-*A)eRl
178 A7.H3-H4.(3AK2)(1,I).42JIF(ABSC.A?).GT* 500) (OTO 4

* 86 A2wA2.K13*E~XP(A?);4 CONTINUE

READY



3130 MS-H+IJDO 3 !~f~JAI3I1..X,
344 G2uAL.OG(FACI(NS*MPIA))
345 mM-A*lGuNIA*t
350 A6uG3*G4eGAM2(2,1)+aa;zP(ABS(A

6 .GTrSoo GOTO 3360 A2*Aa+~ISoc~1o)*EXPcA
6); 3 CONTINUE620 fr(ASS(A2)-GT. 50.) A2--50,

630 PDOI.0-Ag
640 PDT(M1)=Pfl;s coNTINUZ~pRINT 89,Y*CPDT(JS),J~jpj,)
650 89 F'ORMAT (F7.3,lX,9F6-3)
660 6 CONTI1NUE
670 STOP;EmD
680 FUNCTIONI FACI(NSJNIA)j690 Na 4-I
730 FACI aP
740 IP(t4 *EQ- IA)FAC1 1
750 REITURN
760 END
770 FUNCTION FAC2(NS,M.IA)
780 N~
790 par
800 Do to I Idil
If)0 113 P 1 *(N-A11/
86W FAC2- P
#30 IF(M' -EQ- 0) VACO 1
840 RETURNg

80 END
1000 SUBROUTIZNE OA(13*NS*X)
1005 COM404N FC40*(S)Gm22e
1010 C-ALOG(X)
1 0 3 0 '3 ) N ~ A~~

1040 0 10 IIL"lw-
*960 Do go
1970 0304
1486 IFX.N*0c)T3 GOTO 60
1090 J JuAX.j#HJA .1100 DO 30 H'WJOz

1*0HlwH(K)-H8llP(AB5cHl)*0r S#) GOTO 39

1130 GAm2(13oI1 AL0)DCGA?')+H8
ll1tO 39 CONTINUE130 TO 2vstISa 80 ICAB5(H(W)*GT.54. GOTO 20

1110 GAJI2(I3,I)wALO3lHS)
1180 98 CONTI NUE) RETUM)END

READY


