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This paper has two ourposes
F : F

- to deal with a gencral model of bird strike and to bring up some

statistical results from Bird Strixke Report forms.

BUILDING THE MODEL

The model given in this part has as an anly goal to organize the

. present knowiedge - or unknowledge - of a bird strike,

-
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The previous instrument :s a preliminary model, & quide:
collecting deta. Swallowed and digested by the stabistical computing systenm

"he data are synthesized to the different levels of interpretation.

Toe results are tnen helpfull to build a better model. According
to the following scnema, the model aliows 1o go through the same steps more

accuralely
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Let us build now a pre-nodel

The input can be composed of

The ou
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localisation (including altitude)

meteorclogy {including visusl distance)

"biotope"

ard so cn

can be

technical
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in planning
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without forgetting that not much from the baird :s left.

cr the

and the long

and of planes,

the pilct to the bird

planc

irformation

The

model .

connection between input and output is now the delicate part
Two types of connections may take place : the short term

term connecticns.

The short term connections are bound to the density of birds

the directions cf flights, and the immediate reactions of

(bound to the viability) and of the bkird tc thz

(bound to visibility and to the plane structure).

The long term cornnections are bound to time and places. Scma

is colliected by radars a little time before. More information

concernling migrations 1s available a few weeks before. The (nformation

orcerning local kirds has been known for more time. A1l this data related

to the probability of a strike. Th:s probability depends alsc on the

piace defined hy its

geograpnical co-ordinates for the migraticons and by




-3 - BSCE/10 WP/19

the biotope for all the migracion and local birds.

I oappendix M.

analysis. It

1

15

neaded to

The pro-model is more precisely developped in mathematical terms

| =]

It will be improved by any criticism and by the results of the
only use now LS Lo give an answer Lo the guestion : which data

verify what ?
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GATHERING THE DATA

One has te collect the data needed to quantify the relationships

proposed by the model .

One chooses a unit of time (the hour}) and a unit of space

(a sguare-mile per hundred feet hight) .

DATA CONCERNING THE BIROS

one reeds a history of the densities of birds, fur each spatial

unit and each area .

This enormous mass of data can be reduced to manageable dimen-

sicns with the neip of sampling and estimations techniques.

DATQMCONQERNING THE PLANES

Similarly one needs tne bistory of the activity of planes.
One can 1limit oneself to siwplify over space or tine, if cre selects the

care times and spaces as [or the birds.

DATA CONCERNING THE EFFECTS

-

15 data is collected in the form of reports. One has to

chieck especially the guality of the data related to the birds.

The yemains of the birds are systematically examined by
orsiithologists. Besides, ore could benefit from similar repcrts wien the collli-
sions were avoided by a manoeuvre of the pilot. Besides the extra-information
one would get about the presence of birds at that spot at that time, one would
find out compiementary information about the local behaviour of the birds and

apout their reaction to the plane configuratiocn.
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ECOLOGICAL DATA

One needs to describe some other aspects of the location

possipilities of vesting, of food and of nesting. The daily or seasonal

nakits of the birds should alsc be described.
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All these considerations were made from the study of reagl

data. Qver & thwousand of strikes have been ceded, siored con oa magnetic

tape and analysed with the help of a UNIVAC 1108 compiter. The programms
used arc written with FORTRAN and a5 they are of gereral interest in
data management and global statistical analysis they are composed of more
than 10 000 instructions. At the time when this paper was written, the
results are just arriving. They will be presented at the Meeting. An appendl»
bf more than ten pages results will be given. However, in arder Lo prepare
the interpretation of “he results, we arc going to see the foarm in which

they will ke given.

M
The catas are given by a form written by the pilot. an exemple!
iz given in appendix B, 1121 forms have been feeled up betweern 1965 and
3

1973. The forms of last year are gatnered and will be scon in the computer .

First, a urivariate analysis will he given. As in appendix C

e

histograms w. 11 be given for each parameter. Some arrays will given to

I

Arnd, concerning the localization, maps will be ocutlined by the computer.

But, secondly one should like to krow if some variables nave
Jeint variations. The results will be given by multi-erntry arrays. For
example type of plane and location cf the strike on the plane.

To analyze such an Array, we are going to use the method
¢f "analyse factorielle des correspondances” {1) which is described

iri appendix D.

analyse des données - Tome IT" - Professeur Benzécri - Université de Parig -
Y

NOD -

Paris - Brussels - Montréal.
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1t is encugh to know that the results will be given on a plan.
In the example above, there will Le cne point for each type of plane and
cne point for each location. &nd the types ot plane near a point of location
are correlated. Such a pilan a2llows to see how the types of planc gather im

groups, concerning the guestion of strike location. \See exampic in appendix U}

This will be done for any couple of paramaters which may

nave an infiuence cne gn the cother.

CONCLUSTONS

By compar ing among themselves the different results of the
univariate analysis, one can bring to light some of the Yelationshipf under-
lined by the model.

By making use of the results of the "analyse factorielle”,

one carn simplify the model by retaining only the significant variables.

Then one puts together the links Dbetween variables brought
to light by the "analyse factorielle". Scme aspects of the phencomenurn may
remain unexplained that we would like to inciude into our model. Thais can

necessitate new data.

The model is the present summary of the present krowliedge
about the proplem. That is to say, it is in everlasting evolution, especially

when the subject is concerning the livaing world.

This evclution will be conduct in good cornditicon when exist

a narrow collaboration between ornithologists, pilots and operational research

speclaliists.
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APPENDIX A ;

Time and space are divided in small parts. Each part is
jeneus with respect to all the variables. For example the unit of time

be the hour, and the unit of space g square mile by cne hundred feet.

The short term

be the density of planes of type p lamong np}

The density is defined as the average number of planes of type p

per unit of time divided by the number of units of space contained f

ir the considered area. ?

be the density of birds of type b {among nb)

Same définition as above.

be the density of strikes of type s (place of the strike on the plare’

an 1 ’
{among FD}

Same définition as above.

OB and b3 be the corresponding vectors., !

:P)) gz; (DR) and &fs QDSJ) be the corresponding probability laws.

be the set gf the statistical laws

be the set of n ceuples or real nunhers.
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APPENDTX A
— 7
Tre medel is then : DS = P -DP,: DE )
. where [ is a vector function
"r\ﬁr r—

of two vectors ﬁ{hﬁl * ];L ﬁ_J;—a W{

i £ babili ¢
or in terms of probability &z; (DS) _ FF_\JDRJDB)

where [ is a mapping

the two forms vectors into the set of the statistical laws

b
R R LA

If DP  ana DA are only forecasts, then the model takes the form

Z,ms) = F (2 om, 2 (08) -

v
where 1 in a mapping of the set of couples of statistical laws into

itself : :Ef
u_‘x LL_ > L

Not only the densities have an effect on the probability of

the strike.

The angle between the flight direction of the bird and the
viane, and the immediate reactions of the pilot to the bird and the pird

to the plane have alsoc an effect.

Let

& be the angle between the flight direction of bird and the plane

P be the immediate reaction of the pilot to the bird (which so far is
a ftwo state variable : avoidance manceuvre tock place or did not take
place) .
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ifs

be the praopability law of the locus of the strike given a type

of bird and a type of plane.

The general form is then

Zio9) = F (% om), %o 08), 8, 7, B)

THE LONG-TERM APPROACH

Some bird density configurations may be projected in advance
either, exactly, some hours (time ¢ ) hefore, following some radar observati ne

Cj{t } for instance, eitner roughly, weeks in advance (time t } Migrator:

movements or local movements with same yegularity :Cj t2}

More generally, some information on daily or seasonal movenents

will be known for all year long :Cj (t3).

The locaticn configuration, defined either by its geographical

coordinates (& , or by a set of variables pertaining i{o the environment

= atso 1s toc be taken inteo account.

T (ty
1

refers to the set of time informaticn known art time t .

&~ or . define the lccation.

The model then becomes
J— _ i
DBz t ([ GmE .. Oy )
or better
P - .
OUB(;>B V- F <~G‘f‘€u o Ehtt) i, )

with ;f% probability law of DR

It is quite possible that the density of planes has an influenc:

an the presence of birds (influence of DP or DR ).

This is called the reaction of hirds to the milicu.
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Before any verification, the model is presented as folicws
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In order to enable to analyze the results presented by the

"Analyse Factorielle des Correspondances", here is an example.

The multi-entry array for type of plarne and location of strike

on the plane may be the following cne

Windscreen i Motors| Under-carriage
|
NORATLAS 45 i 26 a7
JACULR J 24 DY 10
|
—| ‘_I_ N
.60 17

MIRAGE I 15

This array may be represented on a plan.

MR AGE

v
f

Umhmummq%

MNORATLAG

'kﬂﬁﬂﬂmum

> 967
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On thne plan, the Mirage and the Jaguar are near the motord

because in the array most of the strikes for these two planes are on the |

motors. On the other hand, <he Noratlas is near Under-carriage and Windsd
and for from Moters.

E

I

E
This plan where the links between twoc types of variables !
|
(plane, place of strike) are analyses is cbtained by the fellowing mean. ¢
T

]

1

Let us cvonsider the three lines

- Noratlas (45,26,67}
- Jaguayr (24,56,10)
- Mirage {15,60,17)

: . . 3 ;
as Lhe coordinates in RT of 1 points.

These 2 points detormine 4 plan.
= ks

Or the other hand, we can So the same with the three

colunns
~ Windscreen (45, 24,1%)
~ Moters (e6,56,60)

- Under-carriage (67,10,17)

B

. . a .
dre the cocrdinates in R of 2 points,
These 3 points determine usually ancther plan. But the
theory gives a mean to obtain the same plan. [This plan 1s defined by the

twe first eigen-values of the tovariance matrix - see BENZECRI) .

On this plan, the theory says that a line, the Mirage
for instance, isg placed at the center of gravity of the 3 locations of |

Strixe, when cach one takes tlie welght given by the array. (1s For windscrd

60 for Motors, 17 for Urder-carriage) .  The same property exist for the
cther planes . Mirages and Jaquar are not very far because “he relative

welghts are rearly the same.
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The relationships belween planes and piaces of strike appears

more clearly.

In this example, Lhe array is small and a cuick recognition is

possible on the figures. But in big arrays, it 1s more difficult, at
least impossible to see the links in the array. The preceeding method
an te used. Except that in gencral, many points are not on a plan.

in this case, the theory (and computer} give the plan on which the

projection of the points are the more spread. In ctherwords, it is the b
plar on which the projections are still grouped in the way the corres-
ponding points are in the space. The percentage cf information kept is

given by the twc first eigen-values of the covariance matrix.

When this percentage is low {under 50 %) the groups of prcjections

ir
do not reflect very well the groups of volints. A hierarchical taxonomy i
: : . . L - g
will give us the groups., In the precceding examnple we would have ¢
L
i
b
‘E
. B
| i
x|
*
| A
l Neoratlas 3
Mirage Jaguar -k
and J &
] Motors 3
Under-carriage Windscreen

The groups appear clearly.

Most of the results will appear in this form. This example 1s here,

ir order to relp their reading.




