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ABSTRACT

edged that bird strike statistics should be co-—
ecomes clear that the collection (and treatment)
akes sense when it is done in a correct and
This paper explores the methodological aspects
problems: (i) determination of the total flying
sting the performance of a new on-airfield
on strategy against the standard one,
types of aircraft with respect to bird
sumed that an observed sevies of collisi-
and birds (bird strikes) is a realization of
N approximate test for the equality of the
) Poisson processes is considered. The sig-
' and experiment length needed to achieve a
pared to a previously studied approximate
unequal time intervals sre taken into acco-
show that thisg test, based on the varian—
tion, is superior in achieving nominal
powers over a wide range of parameter




1. INTRODUCTION

Bird strike statistics are a main source of information on which
the prevention of bird strike hazards should be based. Improv
ment of airworthiness, bird avoidance measurements, and on-ai
field bird strike prevention strategies all are served by a s
knowledge about the circumstances under which bird strikes ha
and the consequences of certain types of bird strikes. We emp
size one aspect of the problem.

Let us assume that an observed series of collisions between air=
craft and birds (bird strikes) is a realization of a Poisson
cess. Denote by g the rate parameter of the Poisson process
pose two Poisson processes corresponding to two series of bi
strikes, respectively) with rate parameters g4 and gp are obs
ved for fixed flying times tq and t respectively, and let x4
xo denote the number of outcomes (bgrd strikes) observed. Th%
and Xp are Poisson random variables with means aq=gq1tq and
goto Tespectively. Shiue and Bain (1982) proposed an approxim
Tevel o test of Ho: gq=g» against Hq: gq<gp. Letting d=t5/t4
their test rejects Hp when

X -dx
s(1) = 2 ™M

(A0, +X, WA

where z_ is the gth quantile of the standard normal distribut:
Sichel 9(1973) studied S(1) and the exact significance leve
the associated test for the case d=1. Shiue and Bain (1982)
tended the study to general d and also investigated the p
the test. Defining r=gp/gq, they used the normal approximat:
S(1) to show that for given d an appropriate choice for the
of aq to achieve a specified power p at a fixed alternative T

aq = ((/@)+D)((Cean)/(@re) V22, o+ 2%/ (=15,

Thus if one has some estimate for the true value of g4, the

required experiment lengths t4 and t, can be approximated
ven r, 4, o and p.

Although the significance level and power of the test glv
(1) and (2) are approximately correct, the true level ig 50l
what above the nominal for small 4 and below for large d.
the power of the test tends to be larger than the nominal,
cating that the value of a4 given by (2) may be larger than
ssary. These results can be attributed to two factors. Fi:
convergence of S(1) to normality is somewhat slow. Second
expression for the approximate power used to derive 2,
riance of S(1) must be re-estimated; thus leading to furt
accuracies in the expression for a,.

The test used here rejects H, when
2((Xy+3/8)/2-(a(x,+3/8))1®)

s(2) =




: ; converge fasgter
ation on which ( ( infinity. Also, because the
ol s | e estimated difs

» 8nd on-air-

rved b a t for aj. The use of the 3/8 in 8(2

sﬁrikgsahigggm J the results in Ansco;t'rbe (1948) . The mean of S(2) is 2(~1 +

kes. We empha- v (21d)/A/(1 + d) to within 0(a=1/2) whether or not the 3/8

' ncluded. The variance of 8(2), however, is improved from

0(a=1) to 1 + 0(a—2) by including the 3/8 terms. The exact

S between air— oWer function of (3) ig

& Poisson pro- e =

1 Process. Sup-

. X1 .%o I, 1
ries of bird o ; 5 xp(=Cagta))ayTa2/x, I, !, (3
B> are obser— R o7

and let x, a

erved. Then Xq here =§(d(;;1+3/8))”/2+o.5z1_a<1+d)"/2)2—3/8 and [x5] 1s the

1%1 and ap= nteger greater than or equal to X0+ An approximation to
N approximate Dower is given by

M= (2, ~2(-14+ a/r) V(8,)/n/(1+d)), (5)

is the standard normal cumulative distribution function.
ng this equal to P and solving for 84 yilelds

(2o 2)2(140)/ (4 (=15 n/)2) 6)

1f one wishes to use a test of Hy: gy=g, against :
2 of the level o, one may use g two-—tazleg exact test gi-

then H0

(7)
then H,’l

3X4,%3) < (1+d) 71 <€p5(0,x, 1 X5) }

Bliven by relations

P (1-p )51 = oa

 test has been Presented in Nechval (1982) and
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will not be considered further.

2. COMPARISON AND ILLUSTRATIVE EXAMPLES

Table 1 gives exact results for the two tests when o=0.05 and:
p=0.90 for several different combinations of d and r. (1) and
p(1) are the exact size and power of the test given by (1) andi
TABLE 1. Significance Level and Power Comparisons: o=0.05, p=0

(1) p(1) a(2)

[o7]
H

0.0591 0.9104 0.0469
0.0574 0.9068 0:0489
0.053%5 0.9032 0,0496

0.0538 0.9146 0.0509
0.0524 0.9081 0.0495
0.0515 0.9033 0.0498

0.0494 0.9159 0.0497
0.0494 0.9078 0.0494
0.0498 0.9025 0.0498

0.0408 0.9126 0.0526
0.0466 0:9046 0.0501
0.0485 0.9011 0.0499

0.0383 0.90%77 0.0503
0.0441 0.9023 0.0490
0.0472 0.9000 0.0502
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while o(2) and p(2) are the size and ‘power of the test gi
(3) and (6). The test based on the square root transforma
mes closer to the nominal level and power, particularly fi
more extreme values of d. On the average the results indi
that the normal approximation to the power of the test b
S(2) is more accurate than that of the test based on S(1
the resulting value for a, in (6) can in some cases save &
derable amount of observation time.

2.1. Determination of the Total Flying Time Required for Te
the Performance of a New On-airfield Bird Strike Prevel
Strategy Against the Standard One

Suppose one wishes to test the performance of a new Oon-ail
bird strike prevention strategy in a fleet of nq=10 aerop.
against the standard on-airfield bird strike prevention st
in another fleet of n,=20 aeroplanes where &=0.05, p=0.90
and both fleets will "be observed for tq=tp=t flying h
d=npts/nqt4=2 and equation (2) gives aq=gin4t4=19.5. If th
parameter gq of the new strategy is about 2 bird strikes
flying hours then t=19.5/(10-0.02)=97.5 flying hours per
ne and the total observation time will be 975 flying ho
the first fleet and 1950 hours from the second. By way o
rast equation (6) gives a4=18.7 so that t=93.5 hours per
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The total flying times are 935 hours and 1870 hours, an ove-

avings of 120 flying hours. From Table 1 the level and po-
of the resulting test are 0.0501 and 0.8981, nearly exactly
nominal .

omparison of Two Types of Aircraft with Respect to Bird
Strike Hazards

strate this point, we consider the following data taken
e paper (Bivings and Medve, 1990):

2. Mrcraft Strike Rate 1985-1989

number flying strikes/
of strikes hours 100,000 hrs

157 199089 78.9
894 1237880 72.2
112 159839 70.1
144 230123 : 62.6
%82 708826 53%.9
118 305000 28,7
223 644842 34.6
295 855597 34.5
76 227030 33.5
138 424817 32.5

one wishes to compare the aircraft types, say P-3 and
espect to bird strike hazards only. We reduce this
ng (at the specified level o) the null hypothesis
N8t the alternative hypothesis Hq: gq<go, where &1
arameter of the Poisson’ process generabted by colli-
. the aircraft of type P-3 and birds, and g» is the -
er of the Poisson process generated by coll%sions be-
aft of type T-44 and birds.

m (3) that

/8)1/2-(ax,+3/8))1/2)

= 1.026 < z, =1.645
1~of ’

(1+d)1/2
(11)

1237880 (for P-3), Xp=157, £5=199089 (for T-44),

and 6=0.05. It results from (91) that there is no
t Hg at the 5% level.
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