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SUMMARY

Trhe aizm of “his paper is to present a general statistical appro-
ach to identification of bird remains after collision betwsen
sireraft and birds, which is based on bird sbtrike statisbtics and
con e applied in combination with some methods currently used
qnd Geseribed by Brom (1988). The proposed approach is, therefo-
trying to improve the situstion by applying to the bird stri-
databnses more sophistlcated analytical technigues generally
o analyse rathor variable biological data. The sample sizes
e datn sct of bird strike reports are small and in some ca-
s wiivivariate analysis is not possible. The data are, there-
fore, statistically weak. However, in order to illustrate a sug-
geoted statistical approach to identification of bird remains
after collision between aircraft and birds, these weaknesses ha-
ve beer ignored. The approach 1s based on the resultg of Nech-
val (1988, 1982) and is immediately applicable when the alterna-
tive diszributions have given functional forms bubt with ungpeci-
fiad parameters. Tae nonparametric cases can be treated in a si-
rmilar manner, bub no attempt has been made in this paper to offer
explicit solutions. The main feature of the approach to identifi-
cation of bird remains is the population elimination rule. When
certain conditions arc met, the decision is taken to eliminate
specific populations from further consideration, and the identi-
fication process is conbinued with a reduced number of populati-
ons. An example 1s given.
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1. INTRODUCTION

ldentification of bird remains after collision between aircraft
and birds is the subject of growing interest and has the many
areas of application. For example, civil engine sirworthiness
regulations relating to bird hazards have required thne develop~
ment of complex and extremely expenusive test routines. The way
inwhich a bird of a particular species passes through an enging
tan result in some cases in no damage and in others to catastro-
phic failure ko the engine. Because of the high costs of testing
- englnes, it is never possible to repeat tests in sufficient qu-
antity to take into account the many variables involved in a
drd ingestion, even with the advent of medern computer simulati-
on. 4 valuable source of information isg, therefore, obisined fTrom
in-service incidents. Thig is an area where the complete collee-
tion and accurate identification of bilrd remains i1s essential.

The traditionally used and most simple way of feather identifica-
tion is that of comparing unknown feathers with a reference col-
lection. In order to be able to determine wnetter younger (and
therefore less experlenced) birds are more accidernt-prone than
adults, a distinection between age clasgsges is needed in bind stri-
ke statistics. Since no diagnostic charscters are found in the
neromorpinology of feathers by which Jjuvenile and adult birds can
be digbinguished, zll information on the age of the bird depends
on macroscopical cpiteria, and hence on the size and condition

of the bird remains available for examination. For some species
hardly any differences in plumage exist between juvenile and ol-
der birds, whereas in others these differences are quite pro-
nounced, at least during certain periods of the year.

Bird strike reports arise from one of three sources: 1) from pi-
lots of aircraft which have expevienced a strixe, 2) from ground
staff who find a corpse on the manceuvring area, %) from engine-
ers who find evidence of a bird strike during a routine inspecti-
on of an aircraft. Pilots will often have details about the air-
¢raft, the effect on the f£light, the time of day cte. when a

gtrike cccurred, but not the species of bird involved. Ground

gbaff, on the other hand, may know the bird, but not the air-
¢raft or the time of the incident. Engineers often know the cf-
fect upon the aircraft, have the tird remains but may have no
details about when or where the strike occurred. & high proporti-
on of bird strike reports will, therefore, be incomplete. It is
gelf evident that complete and accurate reporting of bird strikes
1z an essential prerequisite to the development of a wmeaningful
and ugseful data base from which %o carry out analysis. The ccor-
dination required to ensure complete and accurate reporting again
relies upon education of the partles invelved and also often, the
goodwill and cooperation of the air traffic controllers at the
airport.

The aim of this paper is to present a general statistical appro-
ach to identification of bird remains (after collision between
gireraft and birds), which is based on bird gtrike statistics
and can be applied in combination with some metheds currently
used and described by Brom (1988). The proposed gpproach is,
therefore, trying to improve the situation by applying to the
bird strike databases more sophisticated analytical technigues
generally used to analyse rather variable bicological data.




The sample sizes of the datz set of bird strike reports are samall
and in some cases, nultivariate analysis is not possible. The da-
ta are, therefore, statistically weak. However, in order to illu-
strate a sugpested statistical approach to identification of bird
remains after collision between alrcraft and birds, these weak-
nesses have been ignored.

2. FORMULATION OF THE PROBLIN

£ 113 suppose we are consldering the remainsg of bird that suffe-
ad the collision with aircraft., It is known tThat this bird be-
ongs to one of m species of birds, but to which of them it be-
go is unknown. Qur probler is to identify the bird remains

th tie proper species, on the basis of the values of measure-
g of p characteristics of these remaing available from bird

Li

ne problem of identification, that is of assigning the obsgerved
smains of bird to the aeppropriate group, admits a simple golubi-
n when the probability distributions of measurements in the al-
ernative groups (populquLons, of measurements of p characteris-
ice of bird remains are completely specified. The decision rule
cnoists in setbing up a correspondence between observed values
of “eauurement of p characteristics of bird remaing and one of
o dtetributions of meagurements of p characteristics of bird re-
maing, wnere each distribubion corresponds to one of m alterna-
tive populations of measurements of p characteristics of bird re-
noing associated with certain species of birds. In practice it
iz rarely possible to specify completely the distributions of
these characteristics, but they may be estimable on the basis of
independent samples from each of the alternative distributions.
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Let ¥(1), ... ,X(n) be independent samples of cbserved values of
measurcments of p characteristics of bird remains from m alter-
nacive populations of measurements of p characteristics of bird
remains, which may be partially gpecified, as when the functio-
nal forms of the probability densities are given but with unspe-
cificd paramneters, or coopletely unspecified. In this paper we
consider the identification problem when the alternative distri-
sutions have given functional forms but with unspecified parame-
ters. After a v-dimensional vector ¥ (measurement of p characte-
ristics of bird remains) is drawn from a populstion known a pri-
cri %o be one of the abvove set of m populations of measurements
of p characteristics of bird remains, the problem is %o infer
from which population the vecter ¥ has been drawn. The decision
rule should be in the form of associating X with one of the sam-
rles (1), ... ,%X{m), and declaring that X has come from the sa-
me population as the sample with which it is associated.

In this vaper a general statistical approach to identification of
bird remains after collision bebween aircraft and birds has been
developed with help of which the identification problem can be
asolved, utilizing only the sample information. This approach is
based on the results of Nechval (1988, 1989) and is immediately
applicable when the alternative dlqtrlbutlons have given functi-
onal forms but with unspecified parameters. The nonparametric ca-
ses can be treated in a similar manner, but no attempt has been
made in this paper to offer explicit solutions.
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3. AN APPROACH TO IDENTIFICATION OF BIRD REMATNS

The main feature of the proposed approach to identification of
bird remains is the population elimination rule. When certain
conditions are met, the decision is taken to eliminate specific
populations from further consideration, and the identification
process is continued with a reduced number of populations. The
elitination rule is based on some exact tests for discriminant
anelysis in the presence of unknown parameters and small samploes
of the data. These tests are based (in the main) on the parame.-
ter-free or distribution-free statistics which are obtained by
zeans of suitable transformations on the original observatiorns
énd possess cerbain known distributions with known paramneters
(see Wechval, 1988, 1989).

If all the populations except one are eliminated, we decide that
the vector of observations, X, belongs to the remalning populati-
on. If however the set of populations not yet eliminated contains
wre than one element, in this excepbional situavion the objsct
(bird remains) is treated as belonging to thne populatiecn for

which the value of the likelihood function of the test statistic
is greatest. When there is the possibility that the object doas
mt belong to any of the m populations and all the populations
ére eliminated from further consideration, we decidc that the ma-
ssurement X does not belong to any of the m populations, i.e.,

it belongs to the (m+1)th population whose distribubion is unspo—
cified,

To illustrate the application of the proposed approach to const-
ructing the procedurc of identification of bird remains,when
sample sizecs of the statistical data are small, an cxemple is
given below.

4. AY EXAMPLE

Consider X, a (p x 1) vector of observations on an object (tird
remaing ete.), which is te be classified as belonging to one cof
two given populations or to a third population whose distribuvion
is wnspecified. Assume that if X is an observation vector fron
population i then

X Np(biaQ), 15{1,2} ; (1)

where N,(b;,Q) denotes p—variate normal distribution with tae pa-
raweters by and Q. Suppose that the means b, bs and a commop va~-
rlance-covariance matrix @ are unknown and estimated by Xq, %o
and 5, respectively. Here S is the pocoled estimate of § from two
independent random samples of sizes nq and n; from populations 1
and 2, respectively, and Xq and Xp are the corresponding sample
heans,

2 n.
l — — -,
5 = E %(xij-xi)(xij-—xi) /(n,1+n2—2), (2>

I,
1
Xi = Jz_qxij/ni’ i=1,2.




If Xfx-Hp(bi,Q), 155{1,2} , and is distributed independently of
the twe saaples then

(X-T;) ~ N_(0,0(n;+1)/n;1Q) (4)
znd is independent of

(nq+n2—2)5 fv'Wp(nq+n2-21Q), (5)
fere #.(r,Q) denotes the central Wishart distribution with r de-
grees oF freedom {d.f.). Thue the statistic

22 = o, /(0 +1)(X-X,) 87 1(X-%,) (6)

1 i i i i
nas Hotelling's T distribution and

kT? —~ F(p,n1+n2—pwﬁ), ¥
wnere

¥ o= {n4+n2—p—1)/[p(nq+n2-2)] (8)

and F(p,nq+np-p~1) denotes the central F distribution with p and
L+ 05D da.f.

3
LeT

C; = {x: (x-%) 57T = E(“i”)/<“ik)3Fa;p,n,]+n2-p-1}’

for is{’r,E} . (9

where Fa., is the upper (100)a percentage point of the central
7 dictribution with the indicated degrees of freedon, Considering
the digtribution of KTy it 1s noted that

Pr(Xec¢y) = 1-a  for 15{1,2} . (10)

Thus G4 and Co are ellipsoids of concentration of gize 1-a for
the two given populations. For a fixed value of i,

g, = {X: Y& Complement of Ci} (1)

may be teken as the critical region with exact size a for the
sub-hypothesis

Hpi: X¥&Population i, (12)
i.e., reject Hpy 1ff

(x-%) '™ (X-%,) = Cng+ /(0T i - (13)

If one of the two populations is eliminated, we decide that the
veetor of obgervations, X, belongs to the remaining population.
1f however the set of populations not yet eliminated contains
tne two populations, in this exceptional situation ¥ is treated
as belonging to the ith population for which
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1,36 {1,2}, 143 (14

b wiere £3(+) i the probability density function of the test sta-
f tistic (X-43) s71(x-%i).
If the two populations are eliminated from further consideratlon,
b we decide that X belongs to the third (unknown) population whose
| distrizution is unspecified. Ho
ting the hypothesis Hp3z: X do
- or populabion 2, when g@

te that the probability of accep-
es not belong to either population 1
z 15 not true, is defined by

Pr(XEComplonent of C'!U o)) = P'P(XEC,iUCE) = Pr(Xet, mE?).
(15)

Irom a geometric argument prezented in the thsoreh glven below,
it iz guaranteed that thisg probability is betwcen a and a/2. Tnis
Should be sufficient for most practical applications.

Meorem 4.1. The probability of accepting the hypoiheuis !
ol

foes tot velong to either population 1 or population &,
is not true, satisfies the ireguality

o2 < Prxel, [ |0y = e-

Proof. Assume that Hpz is not true, and without loss of gererali-
ty, that Xe=population 1 (a parellel argument interchanging 1 and
2'holds for the other case). It follows from (11} that

Pr(XE'(f,]) = a
and hence
pr(xet, [ |0 < a-

Te lower bound on P‘E‘(XEE mﬁ,) is more difficult to establisn.
Let 1 a

Ny = e/ Oy 0 e (19)

and XEE,!. We have

— F) _’l — — — _— I:__'_f — — —
Naé (X""x,]) 3 (X_X/!) = E(X_X2)‘“(X;-|"‘X2)] w2 !E(X“X2)"(X/}-X2)]

T s ®T) - (2xF, %) s (X, ) 207
Thus, if
[ — o=l T
(E’X-X,i—Xg) s (X,‘—XE) = { (21)
then
(22)
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and ¥ also belongs to ]
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Note that
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c, = {X. (X ,<,]) 8" (X X,F)::Na} = c,]Uc,! s (24)
A

co = {XE-C—,[: (X-Sx?,l)'s“"(?gﬁ,l) -’-o} (»3)

F*l = {Xeﬁ,]: (X-?,])'S_’l(?g—}-('q)?_g()} (26)
ars sich that

SR =0 @
and

Pr(X&T ] )= Pr(XEE';) = a/2 . (28)

I+ follows from (23), {2a), (25), and (26) that
= == wmt
‘1002 = c,]Uc . (29}

= ‘{XEEE;: (X—?q)lsﬁqcig“iq)‘: E(yg—fq)'S_q(yg“iq)]/%}c:axo

5
Fosl
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+

(30)
Takxing into account (27), (28), (29), and {30), we have
Pp(xeiqﬂ‘ég) = a/2. (31

This ends the proof.

For the sake of the numerical illustration, we selected the two
randon samples of size six (n1:n236):

Sample 4

X

11 %2 Faz Xqy K45 X

200 160 188 190 177 210
137 418 134 143 127 140
o2 47 54 52 49 S
M4 14800 151 41 134 149
4 15 14 13 15 13
102 99 98 9% 105 107
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(23

(24)
(25
(26)
(27)
(28)
29

c:E:.

(20)

(31

bwo

:: Sample Means 3(':1
j (n)=n,=6) X, 192.0 116.8 47,2 421.8 13,8 79.

Sample 2

X X X

21 2o X

23 24 25

186 184 208 199 187 188
107 108 125 124 123 114
49 43 50 46 47 48
120 116 125 119 129 122
14 16 14 13 4 12
84 75 88 73 75 74

H oo Ao oD

 ramm from the populations 1 and 2, respectively. Tuae sample me-
;.ns and pooled sample variance-covariance matrix are given in
-Table 4.1,

| MBIE 4.1. Summary of Computations for Random Sanples {1 and 2)

 lomponent s a b c a e T

187.5 133.2 51.3 43,2 14,0 101.7

[

, 198.2 99.9 27.2 7.5 -7.8 3%.3
F Pooled Sample 99,9 76.6 4.0 25.2 ~-5.7 7.0
E Yarlence-Covari- 27.2 14.0 7.0 10.3 -1.9 5.6
E ance Matrix (8) 37.5 25.2 10.3 0.2 —&.5 27
' -7.8 5.7 -1.9 -2.5 1.3 .10

3545 7.0 5.6 23 .10 5.1

Bilizing a computer program to evaluate

e (%F Y o~ N x_T Ty

v, = (X X,f) 87 (x X,]) (3e)
ol

' _ 7 2 e0="1 =7 E

V= (X-X,)78 (X%} {(32)

T for an arbitrary (6 x 1) vector X, we applied the tegt recommen—
b ded above to the following data:

Veector of Observations (¥X)

from from from
the population 1 the population 2 the populatien 3




(%) (Continued)

1 2 5 1 2 2 4 2 3

v o4z 27 A%6 422 416 e 119 aed
s LD 20 26 45 L7 49 o8 51 22
4 A5G whk 448 12% 1300 129 M5 B0 W0
s 15 16 4 16 14 14 8 11 10
£ 40k 97 41 95 i 88 107 111 108

test size selectod was a=.05 for each application yielding
nooritical wvalue of

. 41
PRat 7

F .. . z —————F . = (14)(4.95) = ©9.7.
n,k Q,p,uq+n2—p—4 6(.08%3) .05:6,5
(34)

able 4,2 contains a summary of results.

TARLE &4.2. Summary of Recults of Application of the Tegst Procedu-
re vo thne Data of X

Spacles 4 W.J‘,| V2 Type I Error Type I1 Brror
4 4,45 146.7 No
g Z 743 12707 No
3 4.8%  2017.3 Wo
g 899.5 16.9 No
z 2 167.5 12.8 No
3 47.5 22.0 No
1 105.2  357.3 No
3 z 784 4.9 No
3 113.1 4047 No
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