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ABSTRACT

The AN/TPQ-27 currently under development for the
Marine Corps by NAVELEX is scheduled to undergo a test series
known as the PSVT. A primary goal of the PSVT is to determine
whether the system is operating with acceptable accuracy.
Several sequential and fixed sample size tests are discussed
which could be used for this purpose. Several aspects of the
statistical design of the experiment are discussed, and
recommendations regarding secondary analysis are made. A

method of reducing sample size requirements for the nonparametric

accuracy tests is presented.
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1. INTRODUCTION
during the period 14 February 1977-16 February- 1977,

- meetings mr‘ hoi.d at 'Mtho Naval Postgraduate School (NPS) to .
discuss the TPQ-27 PSVT. Participating in this meeting were
Major Earl Peete (MAD, Pt. Mugu), Major Dave Allen (MCTSSA,
Camp Pon(ileton), Capt. Jerry Paccusi: and lyulf (both at NPS).
Also in attendance were Mike Patrow and Mike Lowe, students at
NPS. A test concept was developed which called for bomb drcops
with 18 cells in a “base line" qroup,‘tdgother with additional
‘m:grationf drops, conducted under eight additiohal
combinations of conditions. m.u combinations are ihdﬁi in e
Pigure 1. Within each <ell of the design for baseline drops, a
test is to be made of whether contract specified CEP's have

In what follows, we discuss the design, certain aspects
of performing the trials in the field, and an outline of the
Analysis procedure prr ‘osed for testing CEP's and making other
inferences from the test data. Some of these comments came out
of discussions at the NPS meeting, and others are suggestions
and observations by the author. ‘

‘ IR 18 adeiteble o test the TPQ-27 over a-wide tange
of levels of the variables involved, in order to facilitate
inference about performance characteristics of this system

and its sensitivity and respomse to variations in drop conditions.
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Baseline drops
o T “Ranges (mi)
Altitude Mode 8 20 : 85 106
(k-feet) ; .
! @ina . Auto X :
f 10 Auto X X,0 X
10 ' Voice Vector X,0
10 Skin Track X X
.20, __ Auto 3 X,0
‘20 Voice Vector X X,0
" 30 Auto : X X
40 Auto . P X
NOTE: "X" Denotes drops at 500 kts; "0" denotes 350 kts.
Demofistiation dkops’ -
' FGC/STICK: 2 sticks at 20 mi, 10k £t, 500 kts
SEMIAUTO: 5 mi, 20k, S00 kts’
; $5 mi, 20k, 500 kts’
'l U MANUAL: 20 mdi, 20K, 500 kts
: 55 mi, 20k, 500 kts
} RDL: 20 mi, 20k, 500 kts
::t PIGURE 1. Combination of conditions under which drops are
i “orvil o planned: in- the PSVT.
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However, this testing, involving dropping bombs on an instru-
mented range, is expensive. Thus there is also a conflicting
desire to hold the sample size as low as possible, consistent
with achieving reasonable confidence ip the tests qnd in the
inferences to be made. For this reason, a: sanple of. basellne
conditions was established, in which most of the drops are to
be made. The baseline cases were selected so as to cover a
fairly large portion of oéerationhiiy;realistic conditions.

The data resulting from these baseline drops will allow tgsting

against contract specified CEP's in each céll, as weli as. sub-

sequent analyses such as testing whether there are significant :

differences due to the factors _range, altltude.range x
altitude interaction, speed, mode, speed * mode. 1nteraction
and speed x altitude interaction. 1In addition, estimates of
the type and auount of reaponqe to changes in the maxn effects
(for Auto nodd) can be made. For the demonstratlon cells,
tests against gontract;sgecified CEP's can also be made. |

The nature of fhé:tésfs of CEP has not been complgﬁély
determined at;thil;time, but appears to have been narrowed
down to several candidates. ~Siqﬁentia1 testing within édéh‘
cell of the‘d‘iign-appears attractive because of the exéeétéd
savings in nuubcrs of bomb drops. In Section 4 below we .out-
line two ponat&le sequential procedures (callod "sequential al
Rayleigh” aad 'sequantial nonparanntric') as wull as tuo fixed
sample size pxooedunca (aallnd “Eiued Rayloigh' 'tixed non-
parametric"). Sanplo lizc gharacteristics of the sequential
and fixod-lllplo liﬂ. t.cta ln. lhqun in Tnbtcl 1 and 2.
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The column heads in Tables 1 and 2 are as follows:

CEPl/CEPo

min accept

min reject

Iow reject

.0

probability the test rejects HO:CEP = co
in favor of H1=CEP = Cl, when in fact the

system has CEP = Co.

probability the test accepts H, when in

fact the system has CEP = cl.

ratio of minimum unacceptable CEP to con-

tract specified CEP.

the smallest possible sample size at
termination with acceptance of Ho (i.e.,
the sample size required to accept even a

perfect system).

the smallest sample size possible for re-
jecting Bo (for nonparametric sequential
procedure only--for the sequential Rayleigh
procedure, the min reject number is 1 for
all cases). NOTE: for the nonparametric
case, round up to integer values where

necessary.

the sample size required for rejection

if all radial misses fell at distance CEP,
from the target (for sequential Rayleigh
only).




A

Max E(N)

Typical N

N fixgd

slopé'
Accopt_intercept

Reject intercept:

the worst case expected_s;mple size for
the sequential procedures (this occurs for

Some true system CEP between CEP, and CEP,).

average of sequential tests expected sample

sizes under Ho and@ under H,.

sample size required by the fixed-sample

~8ize procedures.

slope of lines forming boundaries of the

continuation region for sequential procedures.

the y-intercept of the boundary line defining

the accept region fo;vsequgntigl procedures.

the y-intercept of the boundary ‘1ine defining'
the reject region for sequential procedures.
NOTE: .for the liqunn;ial nonparametric
procedures, the y-intercepts are symmetric

‘if a = B; otherwise thb'*-intéréept of

' the rejection line is given under "Min reject:."

three times the max E(N). This is roughly

lgvorqsang;rd dpv;gtiqno,gbove the expected

sample size--virtually none of the tests

should continue beyond this value.

o Mel B :
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The values shown in Tables 1 and 2 pertaining to
sequential tests were obtained using Walds' approximations,
and are therefore slightly conservative. Exact stopping bounds
are available for these tests (for example those prepared by
Leo A. Arocian at TRW Systems, Redondo Beach, California), and
they should be used if the sequential approach to testing CEP
is adopted. Truncation of the sequential test was considered,
but it appears undesirable for several reasons: 1) truncation
increases average sample sizes, 2) truncation complicates the
computation of acceptance aﬁd rejection bounds (although,
again, tables may be available covering most of our caseé).
and 3) the terminal decision for cases reaching the truncation
point is somewhat arbitrary. 1In addition, for the a} B,
CBPI/CIPO combinations, we can realistically anticipate
(see Tables 1 and 2 with a and 8 on the order of 0.10 and
czrllcnro about 2, for example), max 3a (which is essentially
an upper bound on sample size N) is not unacceptably large,
in view of the tict that over the many cells of the design,
with an individual seguential test being performed in each

cell, the overall average sample size per cell will almost

certainly fall below max E(N). Concoquontly,.it is felt that
trunction would only cause uhnoccooary increase in overall
drop requirements for the entire test sequence.

An aitcinativo_tb untruncated sequential testing is
to use fixed sample size tests. This has the effect of




balancing the number of drops in the various cells of the
design matrix, yhich is desirable for the subsequent analyses
concerning differences due to the various factors. Howeve:;
as with truncation of the sequential procedures, the ové:all
sample sige requirgmgnts are larger for fixed sample size tests.
It is our feeling that the balance in design achieved by fixed
sample size testing is far outweighed by its disadvantage'with
respect to overall sample Qize requirement. As is discussgd A
in the succeeding section, the way in which the field tests
may be carried out will tend to balance £he design even with
sequential testing in each cell, and this furthef points to
lupg;iOtity of using sqquent}a; testing. »

3. OUTLINE OF FIELD TEST PROCEDURES

In order to avoid'loocing efficiéncy in the ésvf, it
is desirable that drops be conducted in such a way as to avoid
(as much as possible) confounding factors suspected to affect
system P‘:forllnqol. and to provide 'insdrance' against bias
in results due to unknown causes. Ideally this would be'in‘
part accomplished by lchedulipg‘ingivi§ual drops over the
various cells of the design using a formal randon;z@tipnkpro-
cedure, !hishyiqhtlunap,,fgtve;n?ple, £h3§,§ sihgle flight
(operation) would call for tir;g dropping a bomb at 300 kts,
208 S5 PLE P AL 20 1L EPPP0, 12 Mubo sode, next dropping a
bosb at 500 kts, 10k altitude at 55 mi range in Auto -odéa

o4 8o f 48 M2
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and so on for the remaining bombs to be dropped in this
operation. Clearly such a schedule may not be practical, so
constraints must be imposed on the scheduling process. The
author is not in a position to assess what constraints are
necessary, but he wishes to point out the desirability of
imposing as little constraint as possible.

In order to gain appreciation of the possible effects
of confounding mentioned above, consider an example test
schedule in which the first group of operations are all conducted
at 500 kts, 10k altitude, 20 mi range, Auto mode. These drops
might be followedby operations all at 500 kts, 20k, 20 mi, auto,
etc. Suppose, moreover, each individual operation (consisting
of eight bombs) is constrained such that all eight bombs are
dropped under the same conditions (in the same cell of the
design). Then factors having to do with each individual
operation (such as radar alignment, pilot effect, wind profile
errors, etc.), whose effects for the given operation may be

unknown or only partially known (even using ARIS), cannot be

"balanced out"; rather they may cause bias of an amount un-

determinable by the experimenter and analyst. Simiarly, con-
ducting operations all with fixed combinations of speed,
range, etc. close together in time would preclude balancing
out unknonh long term trend effects (if any).

There is another reason why allowing drops in different
cells in a single operation would be desirable. If a sequential
test plan is adopted for CEP testing, forcing observations to
10




be made in batches of eight (say) in a given cell of the
design rather than one at a time (i.e., no cloaer together

in time than the miss distance determination turn-around time)
will genetally lead to larger than necessary sample sizes--
perhaps substantially larger. As a tough assessment of the

effect of such "batch" testing relative to ordinary sequential

A

testing, consider the nonparametric sequential test with
a -‘B = .1 and (_ZEPI/CBPo = 2. Then the "typical" oxpectéd
sample size is about 6.3. Imagine for the ﬁomant sample size
N is roughly oxponontiaily distributed (which is certainly
an ovetlinpiitication but is consistent with the observation
that in  many cases the mean and‘atandard deviation of N» are
» k about tho same, and is adequate for tho proaent discuasxon)
WLth batchol of aizo eight, one batch vould be required w;th
a ptobability on the order of .7, two batchoa with probability
about .2 and three batchea with probability roughly .l. Thus
the oxpaotod number of batches required would be about 1.4,
or roughly 1l drops per ooll on the average. Thus the effeot
of batch arrivals of observations in each cell is an increase

in total dropa for the experiment, perhaps by as much as 75%.

In au-nary, ‘the i-plication of the foragoing discusaion__

is that 1t nay well be worth oxpondinq test reaourcea to allow
1ndividua1 drops in more than one cell within a given operation.
In addition, variables auch as aircraft heading, time of day.
order within the ov.rall test sequence, weather, etc. should

11
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"he varied” as much as practicable within a given cell of the
design (that is, have as many variations and combinations of
levels as practical associated with the drops in each given
cell). This may be vieﬁed as "buying insurance" against
unforeseen effects of unknown causes in the experiment; in

ﬁ addition, such an approach may allow deduction of probable

} causes of system misbehavior in some cases of importance, should

such difficulty be experienced in the PSVT.

Final comments on the field conduct that the author
would like to mention are that there should be no possibility
of specialized "tweeking" of the system (by either test
personnel or the contractor) to alter its performance in any
way for the tests. This may involve careful monitoring of any
software chahges. for example. Secondly, if the sequential
approach to CEP testing is to be adopted, there should be a
mechanism for assessing each drop miss distance (or hit-miss

ourcome) in a period of time which is short relative to ﬁhe

tollowihq time interval standards. If individual drops are
continued within a cell with a given operation only until
sequential t.tuination,.the standard is the operation duration
(hours?). If batch testing is used within each cell of the
design, the standard would be time between operations (days?).

If the individual drops within each operation are allocated

to various cells of the design (which I recommend if at all

possible), the standard is the time spent at a given range

12
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(weeks?). Thus in the latter case there is perhaps not a
measurement "turn-around time" problem at all, an additional

bonus in taking this approach.

4. STATISTICAL ANALYSIS PLAN

5 There are two levels of analysis in the PSVT plan.
The primary goal is to test whether system performance in each
cell of the design is within design specifications. The secondary
analyses concern detetminxng which factors have significant
effect, and what the effects are.

Por the primary tests of CEP, there appear to be

lov.ral alternatives: sequential parametric test (SPT), sequential
nonparametric test (SNT), fixed-sample size parametric test
(FPT) and fixod-lauple size nonparametric test (FNT). The
SPT a;d SNT are discussed in an earlier report [1] and we thus
g}v' only a very brief comment on_them he:e. The FPT and FNT
are discussed below. All of the tests involve testing whether
the system dilplays accuracy (in each given cell of the design)
to vithin thO‘conﬁrggt specified CEP, say CEP,, or whether it
has p.rfo;-anco uorip than some -in;-ally acceptable performance

_(lel), Thus the tests may be developed as tests of Hy:M = CEP,

Ve H_:M = cnrl, where M donotoc the true (population) median

rad‘al aill diltanc- of tho -yot.n undnr the coaditioas of

the qiv!ﬁ coll of tho dolign. loth of the .oqucntial test pro-
& ]

oodu:-g*,t- cpplicattona ot wuld s chu-ntial P:obability Ratio

Test (SPRT). One, the svr, is bnnod on soqunntially obsorving
13
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(within each cell of the design) observed radial miss
distances, and assuming a Rayleigh distribution model. The
SNT is based on observing only whether each drop falls within
C!Po and assuming a binomial distribution model. The SPT
requires smallest average sample size, butrits validity depends
on whether the Rayleigh assumption is tenable (the latter
assumption is implied by the assumption impact on the target
plane follow a circular normal distribution, for example).
The SNT requires somewhat larger samples on the average than
does the SPT, but the binomial model involved is far less open
to criticism on the grounds of invalidity due to assumption of
distribution of radial miss distance.
The fixed sample size procedures are also based on
the respective stochastic models (Rayleigh and binomial). 1If
we consider the equivalent hypotheses about median squared
radial miss distance and measure the squared radial miss distance
of each drop, the Rayleigh model transforms to a chi-squared
model which is somewhat more tractable computationally. In
what follows we describe the FPT in these terms. '
Suppose R is distributed Rayleigh so R? is dis-
tributed exponential with mean c’/tn 2, where c2 is squared CEP,
The likelihood ratio test of nosnodian(n ) = cg vs
B imedian(R?) = C] 1is based on the test statistic T = )j r2.
'o is rejected whenever the caleuum T is lutﬁcienti::l;
large. Onder Hp, (2 tn z)/c’n is distributed chi-squared

14
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with 2N degrees of freedom

2 ¢n 2 P~ 2
coi X(am) ) -

‘m\u the FPT procedure for each cell of the design is to observe
N radial miss distances, Rys Ryy oot Ry- Calculate the

N
sum of squares, T = 121 R2. Reject Hy if T exceeds

=

c?

2
2 &n 2 X(1-a;2N) *

where ,xil -a;2N) is the (1-a)100% point in the xf“) tables.
For example, with c: =1 (i.e., Ry measured in cu-miu).

N=9 and o = 0.10, this critical value is 18.747.

" The PNT is a test of hypotheses about a binomjal
pa;aﬁtor P: lo:_p > 1/2 vs !‘sp < 1/2, vhere p represents
the probability an impact falls within the contract specified
CEP, say ctlo. Assuming independence among the bomb impacts
(see comments in Section 3 above), the number X of "hits"
(impacts with R, < CEP;) in N drops is binomially distri-
buted; further, under the null hypothesis it is binomial
with parsmeter 1/2 (X ~ b(N,1/2)). The null hypothesis should
be rejected if the observed value of X is on or below b ,N’
where " t“' . is the largest value (obtﬁn.d from the b(N,1/2)
tables) M that nx < b, ,t < a. For example, with

Vo e g v v e UERT e
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a=0.10 and N = 12, this critical value is 3. Note: due
to the discreteness of the binomial distribution, this pro-
cedure is somewhat conservative, in that the actual type-l

error probability for this example is .073, rather than the

desired value, 0.10. If an exact test is desired, a randomized

decision rule can be used (see E. Lehmann [3] for details).
The tests of CEP within each cell, discussed above,
constitute the primary goal of the PSVT. Secondary goals
include analyses of effects of various factors included in
the design. An analysis of variance (AOV) is planned, using
data from the baseline trials. These types of cells in the
design received relatively greater numbers of drops, and form
a factorial arrangement (with some unbalance in sample size).
It is anticipated that the analysis of vari@ncc will be based
on (log Ri) data, the log transformation being used to .
stabilize variance over the cells, a condition required in
analysis of variance. To see the appropriateness of this
transformation, consider the type of distribution that is
likely to be sampled through observing radial miss distances
Rys Rys «vo o Ry within a cell of the design. We anticipate
that 82 o k-x%,,. where "<" means "approximately distributed
as”" and k is a constant proportional to cep?. _Then
B(r}) = 2k and V(R}) » 4k? so the standard deviation in a
given cell is approximately proportional to the mean, i.e.,
0 =ky=h(u), wvhere h is linear. Then the transformation

¢ given by




g(x?) -/h—(-;rdrz -/;lz-dzz = tn r?
is commonly used to make ¢ constant over varying values of

4 (see Curtiss [2], for example). But £n r2 « n r, hence
analysis of variance can be performed on log ll1 data. Appro-
priateness of this transformation can be assessed once the
experimentation data are available.

If the speed and altitude levels actually attained in
the trials vary substantially (say more than 10%) from the levels
specified in the design matrix, one or both of these factors
may be incorporated as covariates in an Analysis of Covariance
(AOC) , rather than the analysis of variance described above.
Again, determination of whether this is necessary or desirable
can be made once the experimentation data are available. For
this purpose, the data arising g:ou each drop should be in a
format which includes measured values of speed and altitude.

In addition to the AOV or AOC, secondary analysis may
include fitting a ‘xupoal. surface to the observed drop data.
This could be done using regression (perhaps weighted to
accommodate inhowmogeneity of variance) to estimate a surface
giving system accuracy as a function of the variables altitude
range and possibly speed, for the system in the Auto mode.
Terms in the model should be selected so known and anticipated
physical system characteristics and target/range characteristics
are likely to be adequately represented. Although the dependent
variable could be taken to be sample CEP in each cell, a better

17




model might result from modeling squared radial miss distance
via the regression, then transforming predictions with this
model to CEP predictions, if deaired; using the Rayleigh-based
relationship.

Finally, additional analyses (such as pairwise compari-
sons, cell CEP estimates, patterns of trial "aborts" and
"outlier" rejections, et-.) and presentations of summary data
should be undertaken. The precise nature of these analyses
has not been explored as yet, and to a large extent will depend
on the data obtained. Close coordination with test personnel
should also be maintained by the analyst, in order to assist
in determining what additional analyses would be appropriate.

It is planned to use the ARIS system to assist in
determining causes for observed large misses. This procedure
constitutes an "outlier" rejection rule, which could bias the
experiment, as follows. If only large miss drops are subjected
to the ARIS screening, the overall effect will be to possibly
eliminate some of the large misses, which in turn makes the
remaining drops appear more accurate. Such screening may' be
appropriate; however, we suggest two actions which may assist
in determining whether biasing has occurred. First, records
of any such eliminated drops should be kept, for possible
subsequent analysis. Second, the ARIS screen should be applied
formally to a sample of "good" drops, using the same rejection
criteria as for the outlier cases. Records should be kept
of the results of such screening of "good" drops. These can
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be used to help assess the degree of bias that may have been
induced by elimination of drops with large miss distances
that were not actually outliers.

With the large number of individual tests being
performed with the primary analysis (i.e., one CEP test in
each cell of the design), it is likely that there will be a
nixtqre of rejections and acceptances of the contract specified
CEP's., There will occur, therefore, the problem of making an
overall assessment of whether the system is sufficiently
accurate. It would be a good idea to explore this problem with
the decision maker, and to indicate how changing the Type I
and Type II error rates (a and B, respectively) affect the
accept/reject patterns that may be encountered. Perhaps the
significance of the observed number of rejections can be
assessed in terms of physical explanation of system patterns,
as well as the conditions anticipated in actual operational
use of the system. The binomial distribution may be of some
use in determining whether the number of rejections is
significant, or perhaps Pisher's method [4] of combining experi-
mental results can be used.

It should be borne in mind that theoretically the
secondary analyses may be affected by the stopping rule used
in the primary tests. If sequential tests are used for the
primary analysis, the data in each cell are, in a mild sense,
conditional, given the data obtained led to acceptance or
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rejection, as the case may be. It is not anticipated that
this simultaneous inference effect will be great enough to

cause difficulties from a practical point of view, however.

5. A SAMPLE SIZE REDUCTION METHOD

We have argued elsewhere [1] that the major shortcoming
of the Rayleigh model for unguided weapon misses is that in
some applications it fails to adequately fit the upper tail
of the miss distance gistribution. Even in such cases, however,
the model may provide ;seful results for the major portion of
the miss distribution short of the very large misses. In what
follows we describe such an application of the Rayleigh distri-
bution to reduce'sample size required in the primary analyses
concerning CEP testing. This approach is applicable to both
the SNT and FNT. Throughout, we aésume the Rayleigh model
provides reasonable fit to the radial miss distribution except
possibly for the upper tail region (which we define here as
the set of points larger than the upper 95% point in the
Rayleigh distribution). :

Suppose, then, under fixed conditions the squared

radial miss cumulative distribution function is

F,(y) =1-exp(-y In 2/c%), y>0,
R

2 2

c2 is the median of R (i.e., C is the square of

20
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the system CEP). Let Cg denote the squared CEP under the
null hypothesis HO:CEP = co and assume the alternative
hypothesis is H‘:CEP - Ql = kco. For convenience in notation,
assume miss distances are measured in Cp-units, so Co = 1/

and k represents the cl/co ratio. Recall both the SNT

and. FNT are based on the binomial distribution of the number
of hits inside a circle of radius 1 (= Cy)- Under the null
hypothesis the probability of hitting this circle is

F ,(y) =1 - exp(- tn 2/1%) = 0.5
R
and under H, the probability of éuch a hit is

Fné(l) =1 - exp(- in 2/k2) :
For example, with k = 2 this probability is 1 - exp(&n 2/2)
= .2929.

The basic idea we wish to discuss is that of ailowing
the definition of "hit" to be ;ssociated with circles of radii
poa.ibly diffcrent from CO' We shall show that even though
we -nintain the null and alternate hypotheses about CEP
described above, the binomial data to test these hypotheses
can be made be far more efficient by defining the hit/miss
criterion diftor.ntly. Let po(C) donot. the probability
uadnr un of oblorvinq a -ill diutanco within C units of
tho tazqut, nad linilnrly let pl(C) denoto that probability
under H,. !hon
21
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Po(c) = PIR? < c?|cEP = 1) = 1 - exp(-c? tn 2) = 1 - 27€
and

pl(C) = P[R2 < czlczP - k] =1 - exp(-c2 n 2/k2)

o R BIEaLEs wchwniid = po(c))l/k2

We wish to determine C 8o as to minimize the sample size N

(or in the sequential case, Expected sample size) required to

achieve a test of Ho vs Ha with preselected operating

characteristics a and fB. Our procedure is to express N

as a function of C, then minimize. For ease of presentation

we use the arcsine transformation of binomial random variables

to normality [2), and limit ourselves to the Fixed sample

size case (although neither of these conveniences is necessary).
With some radius C of the hit circle definition,

the test of H, vs H, would be based on X, the observed

relative frequency of hits. The null hypoghesis is reject#d

for X sufficiently small. For any aelecfed value of C,

let p(C) denote the corresponding probability an individual

bomb results in a hit. For even moderate values of N,
Y = 2 sin”} Ji 4N(2 sin~ /B, %,—)
although the approximation may be quite rough if p is

‘oxt:chn' (ontcido the interval (.05, .95) or so).‘ Note: the

angle 2 sin"l/" is meacured in radians. Now, in terms of
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the test statistic Y, because 2 sin~ /- is nonotone
increasing, Bo should be rejected if Y < 4, where the
critical value d and sample size N are selected so that

the desired size and power are attained:

P[Yidlc'c_ol'“v

PIY¥ < d|C = Cy) =1 - 8.

Using the arcsine transformation described above, these conditions
are met (at least to good approximation) provided

d-2lin F-l/mo

L a-2sin7! T2

1-8/"%

.where z, is the & quantile of the standard. normal distri-

bution.. Thus in order to minimize N subject to meeting
the o and B8 requirements it suffices to maximize

t(p,') = gin” @; - 8in”" v’f{

Loy (¢ CiFBmixord 51T GMans v bk b j‘!‘
3o t1i o= sint "P-; - sin”t JL - Q-py /¥

A7141

m- 1- uouy done !or vax':l.ouo f:lxod valuu of tho cxl'l/cxro
ratio k. Values of f (po) can bo uud to ntiutc FNT




] sample size requirements through the approxim;tion
] N = [f%ig—:Til ]2
Py 5

As an example to demonstrate this idea, suppose
a =8 = 0.10, k = 2. Then values of f(po), the radius C
of the "hit" circle, and approximate sample sizes for the FNT
are as shown in Table 3.

The maximum of f(po) occurs at Py = .94 and this
theoretically minimizes N. Note, however, that Py = .90
i yields the same savings in sample size and has the advantage

of not involving the model so far into the upper tail as does
the sample size minimizing value, .94. Note the sample size

requirement with Py = .90 is substantially below the
C = CEP, defined "hit" circle described in Section 4 in
: connection with the SNT and FNT, where Pg = -50. The relative
| reduction in approximate sample size requirements for the
example discussed above are shown in Table 3.

As mentioned above, this sample size reduction scheme

can be used for both the SNT and FNT, although only the FNT

case was illustrated by example. The approximation involved
through the arcsine trahlfornation is an inessential part of

| this d.vulopu.nt; it was used here for simplicity of demon-

ltratihg the potcntial of this approach.
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6. RECOMMENDATION

Based on the information available, the following
approach to the PSVT is recommended: use the SNT for primary
CEP testing, possibly with reduction in E(N) using the
method described in Section 5. However, if this reduction
scheme is adopted, the definition of the "hit"” circle should
not be allowed to involve Py values too extreme (i.e.,

c?

values too far in the upper tail of the Rayleigh distri-
bution). Probably a reasonable upper bound for 28 is .90,

The tests should be conducted so as to deliver indi-
vidual drops in each cell of the design on different days, to
the extent possible. Droﬁl should be made in each cell so
that Uncontrolled variables (such as day, time of day, heading,
pilot, aircraft, weather, etc.) vary over as wide a span a;
practicable. As pointed out in the preceding, this approach
yields the following advantages: (1) it gives observations
which are more nearly independent; (2) it. provides estimates
of CEP which are more realistc; (3) it avoids the increase
in sample size with batch testing; and (4) it may give more
time to measure miss distances.

Secondary analyses of the radial miss data, including
(but not lipitcd to) analysis of variance, analysis of co-

variance, and multiple regression should be performed.

Transformations to stabilize variance and weighted regression
should be used if the data suggest there is lack of homogeneity
of vltiaaco;

26




(1]

(21

(3)

(4]

Barr, D.R., "Two Sequential CEP Tests," Naval Postgraduate
School Technical Report NPS55BN74061 (1974).

Curtiss, J.H., "On Transformations Used in the Analysis
of variance," Annals of Mathematical Statistics, 14,
(1943), 107-122,

Lehmann, E.L., "Testing Statistical Hypotheses", John Wiley
and Sons, New York (1959).

Pearson, E.S., "On Questions Raised by the Combination
of Tests Based on Dilcontinuous Distributions,"” Biometrika,
37, 383-398 (1950).




INITIAL DISTRIBUTION LIST

Defense Documentation Center
Cameron Station
Alexzndria, Virginia 22314

Dean of Research

Code 023

Naval Postgraduate School
Monterey, California 93940

Library (Code 0212)
Naval Postgraduate School
Monterey, California 93940

Library (Code 55)
Naval Postgraduate School
Monterey, California 93940

Major Dave Allen

MCTSSA, TSCRB -

MCB,

Camp Pendleton, California 92055

Major Earl Peete
Marine Aviation Detachment
Point Mugu, California 93042

Mr. W. F. Trisler
Code 05431

NAVELEX

Washington, D.C. 20360

Capt. Jerry Paccassi
Code 37

Naval Postgraduate School
Monterey, California 93940

Major Lou Simpleman
323 Plantation Dr.
New Bern, N.C. 28560

Major Ted Bean 3
mgzmt Center, C” Division

m ;
Quantico, Virginia 22134

Department of Operations Research

Naval nng-m School

Monterey, California 93940
Attn: Professor F. R. Richards

No.

Copies

ad




