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In conj 'Jnct ion rr i thr and uide; '  the instruct ions of ihe "Scrvice Tecrniqu"
de la Navitiation Ae.icrnerr, tbe nain airport of lrarseil]"e - }Iarignalle has
establiEhed a iiesearch Labo:r'atorI ,.rnich has for several years been
carrying out 6tudies on appropxiate nethods of scaring birds from the
airports and keeping then anay IrDr,1 lhe pathc of aircraft.

Ttris report states the progress which has beeo nade in current studies and
describes two instal lat : ioos. One ic designed colely for the protect lon
of ai iports.  The othcr could fu1f i1 two funct ions: seff-protecl ion of
aircraft  in f l ight and thc safety of airports.  In both cases we attenpted
to ca,r6e the birds to f1J of l  as a result  of  l ight sensat ions.

Before describj.ng the tlro installations used in the experinents' let us
reca11 6one aspects of the aratony of the eye and of the physiolo€y of
vis ion in birds.

Visua1ly, colours are seerr as a result of action by radiation in solar
light on the retina. nach colour is distlnguished only when a specific
i4ten6ity of l ight is obtainadr bhe visuaf percept ion of l ight l recedes
that of colour.

Birds possess a ::etina codbining both cone-shaped and rod-shaped visual
ce1ls.

The rod-shaped cells contain the visual purpfei the conic ce11s enclose at
their peak a p&tte!'n of oily droplets, lrhose predominant colours' red!
orange and yellowr seenr to signify filtratiod by absorption of short-h€ve
radiat ion before l ight penetrates the cones.

The pioport ion of these typcs of cel ls in the ret ina var ies according to
the species of bird. Geneially, diurnal birds possess a cone-type retina
l,hereas the rod-lype retina is usually more prevalent in nocturnal species.

The discolouring capacity of bhe various radiations in the gpectrun with
resl)ect to purpl-e differs according to the length of the wave a.nd decreases
fr.on red radiations which discolour siolrly and poorly to blue-violet
radiations ,,/hich discofour rapidly and conpletel-y. lte sensitivity of tbe
reti4a to iight seeos to be precisely a function of the discolouring
cheaical action of tbe various radiations in relation to purple: the nore
a radiat ion discolours purple the gieater the effect 04 the ret ina.

Research bas sholrn tlrat the retina of a bird act6 not only as a receiver
but also as a centre vhich can carr:y out conplicated processes of a-nalysis
of sensorial nessages. The optical nerve seems to be a means of inter-
central associa:ion a)1d not simply a means of transmitting the single
nerve inffux,

The presence of trarsversaL a6 well as Longitudinal org&lisation ha6 been
found in the retiia of bir"ds. If the activity of the nerve ce11s {hich
Inake up the retina is recorded in a pigeon, it can be seen that they do not
all have the 6ane propertieG but tllat six different groups axe present.
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Ihe f i rst  group acis as arrveft i .ca. l  datcctor ' r"  These cel ls are sensit ive
to the vei t ical  l i&i t6 present i :1 their  f ie ld of v is ion. I . t le cel l  responds
to the ina8e lrhich i i  forns on tne ret ina i f  the object has a vert ical  con-
ponent. These celfs are not stimllated by changes in Iight or by s.na1l
o b J e c t s .

fhe second group of cel ls fuct i  ons a6 a I 'hor izontal  detector".  These ce1ls
respond if an object with a horizontal "on!on.i1-G-i-"--I;iT. ri.ta ot
vis ion but they do not react to s, tral . l  objects o|  to di f fused l iga!.

The cel ls in the third group aretr form detectorsr ' .  Th,.y are brought into
olay by the edge ol  t r '  objccL l l r  naLler uh€: i  ts sha] 'e.

Ihe fourtb gloup of cells are "g"t.cto"s or' dire '. They
give a oaximuI! response if the edge of an object moves in a detemined
di.rect iotr  in the receivi ig f ie ld.

The fifth group conprises ce116 vrhich react if a convex object moves in
the receivi [g f ie ld.  these cel1s are idetectors of convex formsr ' .

Ille 6ixth group of cel1s *e "fi€bl39js9g'! " Their activity is cou-
tinuous and pioportional to the intenEity of the 1i6ht. these cefls axe
active in the perception ol colours.

The ce116 in the fir.st five groups onfy respond to contrasts of light in
their vi6ua1 f ields according to horizontal, vert ical or convex l imits.
The6e cells do not respond to uniform tight in the !'hole of the fie1d.

The gangl"ion cells o: a bird'6 ret:Lna traisforn thi.s quantitative
itrformation to qualitatlve information by rneans of the optical nerve to
the visual ar.eas of the encephalus. Thus they have slr a.nat-ysing role
and trarsmit a! intei.pretation of the image and not the inage itself to the
cortex.

MOIBODS CURI.0iTLY UI\DER [lPERIl"fl,ITATrON

At iirst we tried to assess the reaction of the birds when neai ffashing
fights which rvere sinilar to or more powerful than those used on aircraft.

For this purpose we used a 65cm dianeter parabotic ieflector at !,,hose
focal point we placed 2 xenon stroboscopic flash tubes. These provldeai a
flash of 'O,OOo v/atts each in /200OO of a second. The light is white,
but each of these lanps can be covered by a cofoured filter. Each flash
light is controued by a.n independent nechanism vhich varies the flicker
speed. A rnrltivibrator regulateg the speed of passing fron one tube to the
other.

After nune?ous tests had bean carried out on the ground on a household
refuse tip and at Marignano airport by the Etaig Ce Berre, ue noted that
the bj.rds f1e!r off only at a disbance not exceeding tO netres when tne
colour blue vas used. Red and r,,hite seemed nuch less effecti.ve. nre fre-
quency of the flashes had not to be more ttL?l 1OO cycles per second.

tlle birds r'rhich flev/ off in bhis way vere hefing gul1s and jackdalvs. It
is possible that other species of bird nay have reacted differently.
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F o l l o r i n f i  o n  t h i r  f i r r :  - x : " ' r i m . n r  r r  r o . k . d  c n  I ' r o d r . i n {  ^  t , i . . : .  o t '
equipment crp.-b1!:  ol  !ene: 'et in4 a ni : : lL ( i . -grer '  of  l i [nt .n. .{)"  ! l ' i . - r '
l r o u l d  r e a c h  b i r d n  a t  a  . t j : 1 t 3 , ! c a  . l  - r t , J r L  I  l ' 1 l o n ^ t . ' :  o r e r  a  I ' i c -  L d  o f
several  do?en netfalr  t , : ]  e i in,rr '5 ide. To this lurpose v/e used a "barrel"

type parabol ic rel lector hich gtave out a bean aplrcachinei the foim of a
square cosecan:"

The pi i rpoint soufc4 of l " l rht  inpul.srs consists of 2 lunqstcn el- .ctrodes,
d p e r .  : o  t r :  1 i l - ,  L r : L ;  t L  ' . -  . 1 a 1 e d  i r ' o : r n d  . J  a  r x i l j a r )  . l  c t c o d c  d ' s i q n e d
to ior l i .se ;he intef-electrcd.r  ar 'ca.

To control  Lhe mo'ner. t  c l  discharJe, the ele.trodes ?.r 'c placed at a dis-
ta[ce froin ore another 1n such a lray that t]re di6ruptive voltage is
greater than ihe 1oad voltage of the corrdense:rs;  the spark' , r iU occur
when a sudden and ver- l ' i1 i$h over-vol iage is appl ied to the auxi l iary
efectrode.

Tne vert /  shorl :  and in.crJ.  i l ,ash of f ight given out by the sudden rcleaso
of energy j,s accofipanicii bl' sound vraves 5id infra-soni.c and ultra-sonlc
haves as a result of the abrupt e:<pansion of the air surrounding thc sFrk.
I h i s  a c o u : t : r  r a d i l ' " . i o : l  ( 1 n  g r e a L l y  a t f c c t  t r e  b e n a v i o u r  o f  t h -  b i r d . :  i L c
effect should probabl:/ be aCded to that of ihe lighi bean. By renderinc
sensi i ive the 2 nain distaice percept ion facult icc of th^ bird, this
method could meke it possible to act sinlultaneously on the pschovisual
part of the brain via bhe visual area, the thalanus and the optical nerve,
and on tbe psycho-a{di t ive sector;  thc birds can be induced to f ly a '*ay
bJ a cornbined act ion on the rootor proje.t ion areas.

After about 100 tests i i  became evident that the equi l r0ent descr ibed above
caused birds to f1y off fr:om the grou4d up to a dista.nce of 600 nretres
using JOO Joules energy tn J ldcroseconds. fhe total povef radiated in the
ultra-violet aid in the v:i.6ib1e ranAe $as abo[t 2l{l/.

We are now experimentj .ng with indepe. ldent tasLing of thc of lccts of deffa-

I f  this equipnent proves effect ive, i t  could autouat icaffy ensure pro-
: e c t i o r .  u : a i n s t  b i r d .  i n  c - r r a i n  . c i : v e  a _ - a s  o I  s i r p o r t s .

in order to ensure ihe se.r . f -protect ion of ar1 aircraft  in f l ight,  thc speed
of the aircraft  nust be borne in mind. One possiblc solut ion would be to
give the hird sufticient advance dp-rning; that is at a great enough distaice
ahead, so thab iE has t : ime to get out of  the path of the aircraft  bafore
it str:lhes hin. Ioi' thi$ i,o ir.appcn, the bird mrst treat the signal sent
out bJ the plane :  i  a oC th airc.r f t  c lang-p" rr ]d lh- s imaf
rtust induce the bi.d to reaci acco.dingll and fly av/ay fron the impending
dangerous object" t11i6 is, in .r waX, what happened with the piston-engine
planea the noi6e of , , /ho6e engin-"6 gr '^at1y preceded the aircraft  i tsel f .
ftre perception dist.rnce of this aural signal gave thc bird enolrgh titne to
locai:e the d.rngel visuaUy e-'ld to p|epar. to take the appropriate avoiding
actioi. MaIy colii,.rsions tust have bean avoided in this way thanks to the
fact t l lat  the birdr tool :  svo. i .dinn act: ion.

The sleed of modern aircreft  makes i t  dj l f icul t  to use a so4ic signal in
flight to warn birds of the approaching danger. Hovrevcr, a neans of
generating a light bean before the ai.rcraft coul-d cause the bi.rd to adopt
evasion tact ics simi lar to those used before with slor, /  noisy planes.
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\de have co4str'ued such a piece of equipnent experinentally and are testing
i t  i l l  real  condit ions.

A faser beam ie projected on to a mobile plane nirror osciflating around
its sJcis in the verticaL llaie. The reftected beam sureeps ver'tically -lOOo

times per second a line 1oo metres long at a dista-nce of 1 kilometre fron
the laser. fhi6 verticql sweep is i:aken up by a secolld mobile pl-are nirror
in the horizontal plane. A sinusoid is obtained which, if obsexved froar
a distance of 1 lin fron th! laser/rdr'ror assembly' register's in a square
loon x 1Con. The sitrusoid, which is conposed of the vertical a.1d hori-
zonta.I srveep, crosses s semi-reflecting dirror. Some of the energy i6
deflected to a plane r4j.iror arranged in such a vay that the reflected beam
interrupts at each laser inpulse the part oi the beam that has crossed the
seni-ref l -ect ing nirror.

The distsnce at which lhe interference occurs is €r flrnction of the angle
al the scmi-r . f lcct lng r l l i r ror and of the plane nirror.

Tiris "cine-iaterferometer" device could, i f  placed in the nose of the
aircraft, naterialise over alr &rea of about a hectaie' vith a luninous
figure ir the forn of a si.nusoid nrade up from poi4ts of light moving at
the speed of the aircraft snd preceding it .

The production of vj.sible interferences could have two effects on the
b i rd :

]Eg!II. Uhen they are far fron the plane, by acting on the five
gr:oup6 of retina cells vhich direct i4fluxes registered by the
horizoatal, vertical! form, direction, novernent and displacedent
detectors to].ards the intercentral association charurels i

Seco-gdll, When they ar-a in the area of the pyramid caused bJ
the sweel, birds would receive the laser bearn. lhe retinal
ce:r.16 of the sixth g?oup, the light detectors, would then be
lriade seftsitive.

Civen ths.t nost birds have a nonocular qnd a binocular field of vision
i;be sunr of \,rhose sectors is near to J6o" it is possible that the figures

)r'oduced by interferonetry could be seen alld aialysed from all directions.
lhe aircraft {ould then efficiently notify the birds ol its presence long
before il:s apDearallce.

At our pre]]ent stage of devalopments only experinents in the field tri1l
al low us to note the react ion of di f ferent species of birds on seeing
such a nobil.e luni"Dous figuie in space.


