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?ossibiuty to use preclslon s,pplros,ch Ta.dars fol blnl strikes

preventj on.

V. E, Jacoby, USSR

Abstract

lhe serl.es of factors prevents the I.{ d,s,? ccl1troller from gef€

&nd faat irxdepended. detectlotl e,nd ldel]t lf icatlon of birds fLyinB
on * plane's vi 'sy. Tb.ese a.rg: the sectora su1'v.ey 15o clLong slde tb
nrnyray f,lo[r j_ts mlddle; the lini"ted &ctlon ]:&d.lua on blrde; indi_
cator's 1og&ritbmlc sceLe; the dlrecr contxoller"a duty to fol1ow
s plane but not to observe bird.s; the tiJ0re l l_rdt to detect and to

identify bi.rds flying to cross pla.ne'a w&y; the i lrpossibll l ty to
d.etect blTds oD tb€ ru.uw€.y. fho further fTou r! red&r  te more

tLne has a controllel ' for: 1.the id.e[t1fics,.t ion ex]\l detectl.on of
e bLrd flylng tows.rd s plene'e course. 2,the d.eten iuu.tlon of

birds derger for a plane. 3.the transol.salon oi a wa.xnr_-Irg to the
pj.Lot a:rd the tLme to c&rrjr out tl.e elud.iag na.noevre by plale's

pi1ot. 8ut tbe further fron 8. r,sd&r: the llore difficutt rs to de-

tect and to j.d.entfy safe and quickly tLe Blngle flylng blTd€,It

L6 safer a.nd. f€,ster to d.etect oper&tively, the birrie ord thei,r

ds.lger for e plqne if : I.It igTatiou pt:oceeds by flocks 2.tb,e regu

lerlt1e6 of, nigrs,tion are studled and it, is posBlble to predict

plece, t i-ne srd the €.lt l tude of b1n1s fl ight. 3. to use conputer

for birds 1dentif lcatlon s,nd for the d.eflnit lon qrld theis core_

l8tlon wlth ths.t of & pls.ne. Und.er 1OO% rad&T detectlon of

dangerous blrd f]-ocks et A5-5OO m s,ltltudes - 5-a% of al1 birr]

strlkes are preyenteal,
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licetlon" It older to atudy the possibillties of li. raddi 1r1 the

rrJlge of detectlon of sfix81e or flosk flying blrdc e't dlstance

1,2,3 a:rd 9 klur froro. & le.dar located on r.ur',ray s middle' we have

obscrve,l hirds f1yful8 l.u the aurn.r'ey secior of e r&d ar &crosa the

ruwey. We ba.vc regiEtered. bird specics'thelx nunber(1f mor€ thau

o!c),tbe fli8ht &ltltude end dl-rection anat tb's.! b&vc ssctd larx-

dllg controller each tll!.e (over !&dao from iho car) wbetLer he €al

blrds or not.Dutlng ell tl-no of obserr'&tlons (&pproxjJratcly du'rinl

oDs our) yre b&ve c{|rrled out photograph of oourse gllssade indl-

c0,tor of & raalar lyj,tb 2 to 5 Eln. crpo sure. tbe pbotogr&ph Dade

witb €uch all dLlosure shows e1l w&y of a bird dudnA thL6 tl-me '

EoTyever lt ls not s8,ay to dcffue ecculately tbe 4)eed of bird

fltgbt vltb sucb a pbotogr&ph of I'tEst&" lndlc&ton wlth logerlth'

nic scelc rs well as fL18bt dlrectlon lf orly pler:re'e or blTd vi/al

doeoa't proceed. accurete\r on ].snd.lng gll€sade n43ked ol ac!ee!r'

{be nor€ diffl-cult 18 to ldeatif-Ji birds vteue'llit aI] cqlilse €'tld

Slissade ijoalicator. Usuall.y tbexe 1e applied oix preclslon appro-

rcb radax systen eelect!"ons gf $oYj-::Lg :a::8eil ;r:8ei il$' lopplers

effect where echo slgp4ls frolo irrirobll'e ial:<q€i;!Jisli'''+"i;e.-, trees'

buLldings,h1lls) at:e not seen on the scree!' k the salcle tlue

such & sysrem calo Eelect lllrds flyij]8 $rith low siiee{i! :gor exalq-

p1e - scartng ea81e, stork' birz"a-*. fhe e*h-o-ul$i&L fr{rra rLiddle-

sLze bj.rdB on cou.Iee-gl1ss&de r&d ars ts s'l&l-L , po1Ilt-iike 'gltrme-

rlng soneti-me even d.isappea.tirg i ]'€latis€:iJ f&st lAol'l'nf on course

hdlcator. "{s our obgersatlon b!.ve ahon:n e eontrolier Jetecta on

courso Lndlc&tor eYen ecbo si8!&ls from a sby*Irrk flyhg at 5-

10 [ eltltude srrd 1OOO I[ dlatB'iaces froll a rariar" But llx fact'

becsuss of the preeer'ce of Ellqll teupoltil ecl1': oigna'le &g & r€-

sult of techlrlc&1 hludrarlces ll1 the 1'stlr }1t''1e':f cootrolLer hi&'sell

oen hard.ly to d€teet snd ldsnt1f,y alr the lndieetol. &a'11 bl.rds
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ve,l:L d,.;en on cou.xge lndic4,totr up ro 5 klu air altitude lrore the!

50 u /.Ili Liley ele aeen slr&Llteneoua:i.j, e l iihe il.ure d1Bls.i1ce &!d

ti iud.,! or gjiss&de lndlc&tor, Juat, trre Fresence cf echo-eigra1

the speed ard or-r,:- ''i-oa c,f tb6 I]lovelrieui of nh1*L ur"r Crlffereut

fro.r! ec!.o Ejign&ls from th.c J.rsr no],:lrLg 
-' 

hrrlo oL;ecrg(fol: exs.inple

cero ) noi only on the corrrae bu ! al.sc, ou the g-r i r.rdde j"ndj-cstor

ig bs}]!e Lndica'uion for bird identifi6c,ti.oil (pa,rticul.,i ' ly lor

thel":: flocksJ,Single crows(Corvus sor,r:)f,lyhg 6rN 1OO-150 xt s1

tude ,,!erle c1e&rIy seen {rt 12 kl-!r diilidncs oI1 colil'se gll.asade

ca.tol", th,anks to ld8b accrrxs,cy of the preclsjor1 lrpj]rc&.sti radars

px\r$ei{,e(! on course j!d.lc{,tox sepsrately(FlB. 1). fhe j *t-ge

of bir ' i is,f lyi]1g close Xo each otber(fcr exa,ople Bier]. l i lL{ oi"

Seese) car g1.ve echo Blgnals of the solre br-igltneiJl. l 5iri s:xe es

fxcin ihe li8bt ptsl3e(Ai-g.2) but iiR torrr €u1d kr:j ilht;,;jr6 1ril] b€

'rmd.e:: r:rigra tlou of th€ snurl I flocks of plgeoas 'slali.4rde &t disi'

ld]loe 2 --l ir! f?on e&ch othe! - th.e echo-digl1ol t'r'(xrl thei.!! !rl]"1 be

&t lcr'/ .nl tj. ri-,le ne8.xly the l.&od.. fbe a{ddle-size ;lngle bird.o

rroi {ir consti lqt a}s fro!0 the plane. 11.:i ; lef:,nc pcilr i i j j  J.j i :t-es to

!,1:ecision spproech rador for bird st::. i ires preventiqri i.!1 i-ts

r:eof &ctiou tt is necess&ry to ho!d1 1. the time ol lr l.1\' l  detec

ou. e.nd ldentlfles,tlon by lsds.r cont}'oi Lexi tbe uu&bel: of birdsi

tbc Bp€ed, the tl-ne and pas8lb1e dlx'acti,rn sf tbe:-r' f l . i3!i; .

2. Th€ coraparlson of f l i8ht directiDil ani 'rpeed of birds $/lth

speed erd directiou of p]-al]e's fl1gb't 3. lile iljne of tskir8 the

decislon by s, coltrollex &nd its tra]lsi l i tt l l lg to p1lot on borrd

4. the ttuoe of, ecceptlng by pilot tbe colrtroller's i irstructlon

end of oerrvlng out of proper pl&i1e 
-a 

l!!,]loeu1rte j-f lt possible

rrt tlrl.s at&ge of fligbt. To detoct &nd ldelltj'fy echo signal

flf1)lg blrd(th€ .!eho-e1gna1 slttl]xg blld !r-f].l be supresaed

nwltch,ed. on aystex4 of aelected nicr-lng t&36ets) lt !s aecessarl

fix the aDeed of, 1ts fugbt. Ihe llteht speed qf gulls &mounts



\\)\ ',\t!b.\ qt l\gea\rNs\srE€esrs\w\'\gs :\\ EN\e$ -\q

kl.n/h. Eowever ln tb,e flre wind these valuea nly lncrB&se

tbe contrary- to decre&ao !x ths head $l!rd.

accuracy of rcsolution fu s,zj-nmth -. 1,2o r{I|d i! altitude -

than 0,b;, Jib&t is- at 1O0O m distsfice frou th,r rs.d.ar in

horlzontel" -21 E , and, i]x al.tltude -6 n.The a.erla]. sce.Elij-ng

1n azlnutb- 3oo or &t one slde of runway- l5",what araourt s

n &t one aide frolr the axe of the n!:way llr 1000 m dlstarx

reder. Consequently,&t 1OOO x0 dlata.nce a bild flying per-

ilculerly to runwey axe ard to dlisse,le of plar:le's land.iirg

be Been on the courso lndLc&tor fron the Ii)oi t of vislbilit.

to glissade lntersectlon 257 mt or lj lrd"er tLe speed 60 kh/h

Hn/!rb. )- during 15 Eec. roulrdly. At 2 klJlr alj.ata.uqe from ra-

tbls d.ist&]lrce vrl1l be equ&l to 514 E and du.r*ltion of biTd

J2 sec roundly E.!d. so on. If tbe speed of hr"x'ds fl:ight

be @eller- the dura,tlon of blrds fl l€;lr l w11.1 increa.se cox-

ondi-Dgl"y. A1l" tbis depend.eace ca]r be atlowlx by the r1exi far-

L controller to detect end to ldentl ly hirds $Ljlri t ' : ' le1je1'!1i-

the danger of bixd strjlog. It le errorigl} "" 4a.";f. 3-5 rrec fcr

erlerienced controller to identlfy & bjrd .iccolding lu the

i  f  gec

- the distance of bird.s from redaJ"&ld ? *t,.!." cprs.'. ..: i.1.1':!s

t. b: eo fdr as ibe speed of geeee cr 1il;ec,u fJiu:' i ;f,aour ts

80 kln /h -the d.ur{rtion of ftlght et 5 kL.j4 di,cti"1'rre ii,ai. r:rc a;'
c: .1An� . ' .A t  A ' l

Bnount to Z--i833r!9G 60' 1 Eert, Ir Err.lr a 'r.i:r; -i:i€ , ore

t frou rcqd.t|r snd bhe alower blr.r6 a.!'r: i l.t';t.!!a tl:re m'fre lijne

of its mave&eni on the couras€ iJ]dlcstor q.ud 1}1 th.e ss*'li{]

to look &t lt on the gllss{ide lndic6to:r' i.ri jtlie ca$e }rhel] an

bserver sees bl"e-ds vieua,J,ly end aaks co!itn,.1.1er !/hethel be sees

s. the lndeperident blrd d.etectlon i i&il ld€ntlf-!c$r:!oi1 by a
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35 k}&/h ; that of ptgeorx, ducks, gees, starli-ngs un'1 snlpes -to

kl-n/h. liowever in the file w'i-nd these values uay locre&se

on the contrely- to decrease in tbe bead $rlnd'

fhe &csurasy of reaol-ution La ezjruth - 1,2" s-4d ir altltude -

ss tha! O,br, tbrtt ls- at 1OOO m dista-nce froll tlre I'&d'ar !n

the horl"ontal -21 !l , and iD &l.tltude '5 Itr'[he &erlel €celo]ri}g

1n azLalrtb- 3Oo or &t one slde of nrnYray- 15o,wh4t e'nounts

to 26? n et oae side from tbe a.xe of the r"lll3way &t 1O0O m dLstarx

cc frou redar" Consequontly,at 1OOO xo dlst8nge a bi1d flyijog per-

!e!d.1cu18rLy to l:unway al<e a.nd to dllsaade of plare-8 lr+nding

r11l be eeen on ttle coursa lndlcator from the Iildt of, visibilit

up to glissade tntersectlon 267 m; or undes tbe spe€d 50 kk!'h

(1 kl,!,/&ln. )- auring 15 gec. rourrd]-y. At 2lt]ll1 diat&tlce frol0 ra-

dEl tbis dist&nce wlIl be equs,l- to 514 m exld doration crf bird

fLlght 32 sec round.ly e.nd so oD. If tbe speed of birds f1i8ht

r11l be s!al1er- the duretlon of blrds fltghi vdi-]" jflcle&se cojr-

respondillgly. Aal thi.s dependence ca'r be ehown by tbe rexl for-
be

) use

tPbe-

rctl-

t i

f  sec

?l- the distaace of birds frou radaia ' €1' ' i  'P *ihe l l: ' :ed ; j: ' lr '

flight. rrtr so f&r as ibe speed of Beese or :''ia:eoo fli8'1i d'rooun rg

to 80 kLElh ..the dur{rtion of f]-igbt ai 5 lkL! di:rttl-:ce r L rrrl, r'rCsr:

ryill e.rqcunt *" 22$$J9r.l97:. 5O,1 see" In siicb & eri"-'r: rh€ ulor*

d l s t e n t f r o n r e C & r e a d b h e € l o w e r b i r ' u J & I ' e l i : / : l r ! g b r r e i a o : ' e r l m € j

h8,8 a controller to detect end to identifT 
'oirds luid tr {e1'e11Lr1-

n6 the danger of Lrird etrlksE. It ls oliough to irrt '"e J-5 Ees fot

an experlenced controller to identtfy & bird r:\cc'Jrdli€ ';o the

speed of itg movement oI1 the cours6 in*ioator'' a;l{l 1}i ttie $slre

ilne to look &t lt o:r the gllssade lndlcBtqr i1i iire s8dJe w}!en &n

obs€rl/er seeg bLr-ds visu&lly snd esks eoLtroller vr)rether be aees

blrds. The lud etr)el3d.erlt blrd debectton la}..3d td en irLf l'Lx&i:lon by a

r th.e
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contr.cller or]' the scrsen of preclslou cr.pproo,ch re.d.ri in serier

of caaes beoomes Ioore dlffl,cult, cottrpucated a)xd longer by 6-10

eec becauge of the serlea of fectors: echo slgtals from flyi.ng

bi:rds &ey nove wltb dlaappearance; sirull&rlty cf €(:lto*slgnels

froltr bl.ld.s o1r :-udaf,: IIII \ylth echo.6i8ue1 f].o& the other ]ow

objects(r&fu] clouditeaa, trees peaks ah/*i])3g on wlnd.,various

nlc&l hilldra.nceg and gone other) and besldes deerea.aes tr-u

thl"ness of bixd detection. , ltre most dlff lcul-t is io dete]Idnate

a,ccurately the da]1ger of blrd strlke with larxdlug plalle.Ior

'} j-ra lt l"s leoeas&lXr to extrapol&te the speed snd dlrcction of

blrd aod plsne rapproacbenent. It ie eaey to flx fij.e speed ald

d.ireqtior:, of pl&nes fligbt becs,use tbe echo si&nrif. fro!} it

md.er defi]llt curve-]-a,itdijxg gllss&de on g11ssa,dE a]xd cou.rse

c&tors a.nd \.yith well-hlow[ f,light speed. uauy tj.ileg observed by

controller.B{t tb.e speed arxd diTectlon of birde fu_ir} b nay

ar1d. besid.es botb. c€Jr't be fixed rJgirt a,wey o11 tne logoritlr0dc

Ecel"e of I ' fesla[ indlcs,tors.l]hl.a probleu. gers sllghtly sj$pu-

fLed lf, e bird. coues from one ald,e peapendl.crrlarl.y to glisssde

B,ad flies s,t oue end the ss]ae altitude in po.r€,1_lel w-I t.it kll

xe6 ilafker ou the courae lndics,tor. In tlds cese the.l"ogu,r1

sc8.le wl1l not hlnde} to fix f€.ste:: the apeed. of tlae blrds

Blrt lf e blrd rl8ea up to Bllasade 03 goea dov,'n to it on

Ljne - 1t is very difflcu]t to d.eftne tbe po8slbi].iur of cros

of plaues gLissad.e by L bid, ln the ln'oment ivhe]r 1t comes to

poi]]t. Ar1d thls tla.y be done very .(pprorL:!r.tel"y rxot only r4tb

gerltbml.c se&le but even w1th the stu1pLe iudlcsltors scale of

preclsl"oD epproecb rad.er ?&1,-7. Ln &ddltl.oa to thet it is neo

sarXr to note ths,t durilg pl8,nes l,sndil]g the controlleT c&!'t

swltch o1rer to blrrls d.etectio! sJ]d. id.e[tlflqa,tion snd to

1&tlon of th€ sp€ed etrd directlon of bird"s uovenent t€I&tively
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plenes wey,becausE he followa the planes fught on g1l8sade.Bes

des ths,t,s,fter the bl}d aletectj.on &nd id.eatlfic&tion of tb.e pos

slblury of blni strike it le necesee.r;r to transfer tb.:ts !for-

natlon to e ptlot s,ad to glye hjlo irstmctton a,bout the oxecutl(

0f tbe proper manoeur.re. Aad s, pllot 1rx hls tuTl1 mrst repe&r qo!

troller's fustructto! end to cer:V them out. Tbe tra.nsf,er of jn€

tluctlon, lts &cceptence s.nd. beglnxlng of 1ts fu].filreltt !ri11

t&ke 10 aec as e rol,nl-uum. Therefore at 1-2 lcln dlstallce fron ra-

da,r under blrda fllgbt q)eed toward p]-enes gllssade coatroller

rlll lot have enough tLEe to d.etect blrd,to gtve instructton to
pllot about t!.e executiotl of the plope! uanoeuvr:e (only gorng

'rlould. 8,gaLn). La conDeotion with the fect th€,t the proced.ure of,

80Lug aroutd a.gein ta.Jcee acld.ltLonal 15 &l.rr of fllght a,nd. le&d.s

to vloLetion of scbedule of followlr]g planes land i-n.g - t-t)-is ig

verv eJilleaslve actloa wbicb sbould be properly ergr.rmented.. fo Jus-
tlty h:ls ectLon coatrolter c&n presetrt the pb.otograph of rads.r

screen w-Lth echo s{gnsls of bir"d.s eud pl"ene. iyhea givlng lnstruc.l

t10! to go erould s,g&1n, a controlLsr Dnrst be6,r i:1 rrd'rrd that the 
I

llere wb.lcb h.eB chenged fLl-ght d.lrection should no,o ccllide u.Itb i
bird,s. the grea,ter 1s the dists,nce between rader eud the polnt l

of bLrd. detectl.on by a, coatrol.lt'r- the nore tiloe he bas to c{r.n?

out the entire proceature to plevent bird. etri.ke. However,with

dlstance l:lclee€e fron r€d.&r the poss1.bllity ia d.ecreaajxg to

detect a,nd. to ldent1fy the sj:rgle fLylng bird.s; tberefore nore

€ffectlve fu thiB o,opect le the locetlon of birds f1yi11u *

llocks whJ.ch, i:t eddltlon, lep?€senta greater d.&nger for a plane
'boceuse of gre&tir voluee occupled by flock sll'd therefore g]ruetd

I

rveg

ndi

;hla,

uni

- t -

,e

ty eral numbeT of strlked blnis.

lo ircres,se tbe effeotlvoness of tbe ut11lzs.t1on of preclslon

rplrl8ob, rsds,r for bird strLke pleveatior j-t is re&aonn&b1e from



one Bide to study tjbe possj.bl]-lt ies to uBe corrpr-1Ler for fast

tlccu.rdte bild deiectlon Erd ldentii'j c&-tlen witldn ths spber'€ of

r{id&} &"ctl.on {uld from the otber sld.e fo! ertr:&po1atlon of po

crossfug cf ja]]ding plaxre 6]xd f,lying bj"rd,T]1e rfest il0portence

EEy lu,ve drlgo the regeaj:cbee (w1th h€il, of rt1dur and of .\r1sue1

ob8ervatlon) of the regularit les of  ic $&ss aea.sorul. aud 1oc8l

d&yly bll{ lLlgr&tlotr {icroBs t}re ?ayB of pJ-.uee fl.igbt.'Ib.1s

1€s lo forecs"at the pl€lce, B]-tl.tud,e sJld tllee of fi-ock ldgr&tion

th,at or the other blrd specles; what,J"n lts tum, iinr&s s bird. de

tion aad ldeuttflc€,tion f&ster n}1d more preclse, hcreaaing tbe

by the effectlveuoas of opelat1ve uii"Il-ss,tloIr of rq.d&! fcr bfud

strj"kes preventl-on.

We hq.ve ena,].ysed abolre the llosaiblli"ties to urje {i,pproech

rad.ar to prevent biTd strikes with lend.lrlg plsne" t'Lla r..dar

e6senlle,LIy, the ssloe pos6ibill-t1es in yelatlon i:,: r;a'"r.rd off

ned.The d.iffer€nce 1e tlurt tr&Jectoly of tu.irb6 off' ;r plale

doean t coincides wlth lerrdfug 611esc.de, 'Io dei€c l i i :: i  rds ou th8

w&y of, a p]-aEe f]"yil1g up it ls lleceEas,Tj. to tlq:rai.€j: I'o.dor frou

the slde of landi!,6 to th.e sj"d6 of Naking off,Whea d&a{lerou8

bird. flocks a,re aletected. on the viE{y {}f tbs p1&ne te.kl:atJ off

c&n to pastpone or to atop taJre off x"lrl of {. pl{i. c " Bosidee tbe

-tx&rsfer of the ray frol! one side sf the nr]]way to the oplosite

s1d,e lt 1s posslble by r&dqr {Tesi&'r to'arnitch on s,nother rade!

to the slde of tatiag qff the first one - to the Bide of L

By rader PRI-7 it lo poeelble to swltoh on the 9116s€de r'.,y i.!

the regLlre of, tbe clrc1e Eurvsy, E,nd to use th€ course rey Bs cr

e,Itj-r0etel €lrd tbereby to obgerve llhd.s 1n the side of, laldl]cg

in the sLd.e of t&ki4g off. tbLs iB parti-cul&rly eff,ectlvo for

study of r6gu1a.r1tles of tbe local dalry bXd mov€nents.

.A.a s, result of the Ierlaitug rq.d&.r utLllsatlon it 1s pos€1b16

to prevel]t plan€s coll iBlons wl-th flocks of f lylng bilds in



of 8ec:.':-'x:lere .. t}s,nk6 to technac{rl" dat€. of a :r&dar - th€ f,ast

blld detectLo! Bnd. {d6!tlfics"tlo:1 !.nd tr&nsfer of e]roldl-ng

&a€.€!i.-r. i! ' !r t i , pllot j"s l)ossible" Tbj.s ia poeelble &t 25-500 n eltt

tuC.es r.:hgn s, p-r6-:re oonea oui to Ia]t([ing gllss&de af,ter the fourt

turn en.i fi,iien t&.kLre of &fier out of to[ch witb lsld and teklng

up Ll.ll li1d*,

|n.?.a"k ot &li bilr1 stri.kes occlrxa &t these &ltitude8 alxd

22-4AI :::t thclr wl.tb. bini flocks, d.epe&di.!g fro@ bLrd species(for

ertrili.ri wii'l]' gLr].l flcchs uore ofteu th,al] n'itb flocks of other

b1r{. opeelee)" I.I] suoh a wey l.f, 1OO% hlrd f].ocks s]ce al€tected

ild j.dsnij-t:led 8lld bisd strlkea &re }tBeYonted - 1t i8 belrx8

preve:lted 5'a% sf, e11 coll islqne,

sld
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