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Summary
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anO avoidance of blds, using radar cross sectron
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1 INTRODUCTION

This paper describes a suegest€d melhod ofnda. recognit'on tor lhe pueosc ofensuring flrehl
safely, and in panicuLr for preventing bnd strikes.

Thn problen ofbirdsbikes b acute - every yer in USSR civilavjation some l5oo bid sirites
occur @iionatly and approxirotety4ooo wo,ldwide. (1, p 45).

The technique '5 aimed at reducing the probabilily ofa bndstrite by decr@sing the time laken for
detection of birds and rheir avoidance, and by inciesi,e rhe reliabiriry of rhe srsten ar
distbsuishine between bids and othe' objects.

2 METHOD

Figure I The l4yout ofthe controt sysieo for this systcm

Figure 2 Graphs showingrheprincipleofseleclingthettueshold for dclecling birds

I'gure 3 The specta oflhe sisnal reflecled fiom Comoranb for. radar sration with a 3 cm ,aige
f.om the phasc discrimimtor

Figures 4 and 5 show that the sisnal fron several bnds 'n cotopa,ison with a single bird is b,o!der.
Figure4he.eisasingleHeron,rakenfronthesancra.lrsetupasFigure j.

Iigure 5 Again, a sinele Hero., bui thb time the disiance f,om thc radar is decr@sed. Again, laken
usng lhe ene rada! set up as before.

Figure 6 Shows the sysreo developed for amlysing daia and steering theancrafl.

Fisure ? shos howthe innialdata ir analysed lo detcrmirc lhe change in directio, ofthe ancraft.

Figure 8 showslheradarcross sectionof birds mostdangerousto anatcraft

The bnds are detected in thc folowing wayl

I  T1 'evJ lueonheRaddr Cro$ Seden ofrhebLds,FigL,e8)  ThevatucofrheetTecr t rc .u, tdcefo l
drpe'sion in bnds in rhe cm bdnd trequcncy @te. up O.\ - J cm tor cpn,ro*, 5 _ 6 cm for
Skrlings, and I0 cm for cllls. Fisu'e 2 shows the disrdbution of rhe amphude of sigmh
reuected by birds in relaiion to the ctfective dispe6al surface in I <tecibel. The decision about
whetber o. nola detected object b a bnd is mde on wherher or nor the signal is gr€rcr thana
threshold and stuller than a sland.rd refe.ence vdlue.

2 Specrral stiucrure (Figus 3, 4 and 5) ofthe sigmls reflect.d by bnds (2, p 68) and then Doppter
ftcquency. The inteNal ofcorelation @n also be lsed for jnforturio. fo, discernine the bnds
Fu airchn, th€ fteqrercy ofrhe ren€cted sismt/d will be nodulated by the frequ;nca ofrhe
propeller (turbine) roration, wherein is ihe hamonica .umber. The fiequencies/-r= lrd being of
co.siderable masnitude, the signar refleted f,om smalla;caft have a reratively sul efieciive
dnpeGion sufa@, lnd will have ! @nsidcrably snaUcr inleryal of corelation ir = o.oo3 fo. a
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Thetajectorialsisnsofthela'eets(2 p3o) ofrhc speeds orflisht, with no wind iscqu.lto25 _ 85

tivh, lhe nininum speed olflight being wilh Cllls 25 _ 35 kn/h, wnh Chafincnes tltushes,

spdrcws, rooks, crows.jays,hetotr 35 55 knr,4r

The structural layout oflhc dcvice fot rccognising ihe abovc sigis have bcen desctibed in the

iNenlor'sccnillcales, bythc author oithi5 papdand also inthcwork (4).

Taking into lccounl lhat a bnd sn soar in ilight, ehich will don tlrl tlcrc is no sign offrcquencv

todwing flapping, it is necessary to conbinesigns ofdin"eri.e phvsicalnalure suct as infrated

$nsi.gfordctcction ad recognitionoibirds.
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1O DISCUSSION OF REMOTE SENSING AND MILITARY LOW

FLYING PAPERS

r r,r3"::::1r,fi:J-T"Tff ,li{!"" *"lf lu:rii;#il11i*"",.;:,i;ji!"f.: }."."
::*ffi ';i:;"lll":niff :1,'Fi:;i"l}illiill:"JJf I :k*lk*,,*u:;: ;:;'
Hlllfff ;::$fiH::#$:fi: ::"i,fi'::.Tr:iHil,#i"'r,"rrorn" "'s'" nop"a ""'
lihin hloy€ars he wouLd be able lo €pon on ln€ rcsuE

;#ffi T,l:ffi 
'#riff 

':"s1",;l.:ilr;ir*i##it]ffi-.-!*r""""ru-;:ru;

r"#!'r[1["r.rffr#r*i:nffiiil.I';ii;t*i""i]*xifl;i'ir" ff r"* ffi'1r'**
Prct Dr gruderer read th6 third recomhendaton and said rhat il is an issu€which ls stillneeded Decause

i*.i" "'" o"oi"a"J oLto .0,t, th66 are dife'e approach€s and lhe'e a€ very ciear ideas how a

lr**i,t+i*;gl***:+***"*iTirii,rT,i*'l:1!ift '.'"r
Yt',:H.*Tr'"1f:i:lifl:liffii!",lT""lliill1ilii',ii:1'ii"'ffi1iQili!:'+1i:!:"lii*ii'"
r.j*ft+l***i5ift*t*li*****ll*+r:ffi '#:#;;}':lxr
h.N much ll wlll @s! what p@bLems it has etc'

li:l "#$f :::'l,mT:ff x".ix*::1"1i:f ffi ,"#;::*:*::if *"iLlf .'::JJxfi#"""

ii:r1,3?*fl5:jffi;*"'lili::[j",":ilil'.'jJj:J,yJ"l;ilHl'J"":f 1-j:i:::1r::i;
ii,***[+lillf-tirf*n-*".",,"''p:':r"'$'r.";"r"."x*nilr'*r]'Ii;:;:
Proro, B,ud€reisaidthdthecontibutionsorrh6R€rores€ns::yii:;ffii#i":i,ilii'll:'"""T"*-

iir[:$:;:H;i1lk :r"n1fu[:*T"i;*rs*"+lii"*m * *i**'r'"t" *
Ii*;i*l::l']fl "'",:;#**+;;;tl***l+:*',};#*r** p, *t' *
ilh*l'fu ,iiiti*;f"l nml,r l:xr;r;,'Hrng€';:rljlili$x1r,:-3':#i1i'rni'"
:tll,T1lr Jil;: ;,:f :*":fl :ru:*x,:l:::;x*x'i:iff :i];[F;{ffi xl::'::;i:"^"
wealh€d. He asked lor anv additional suggeslDns
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$j,,fi!i[{1}i]4iiir::::!t;';:"Jl;';.1"";:"""d:"jffi::j;",",i,,.J*flilffii:1ffi';:iT$
:iitri;#;."""ff fjr:': {,ffk,1$::ili"*rrr*i^iitff :#iid}r,r;{",;r
i1:::it'."i',:1";;;;;;;ffi;il#ft"iliiffHLr,fl:i:Ji:"iix',"1lii?:"Ji"x'"',:,',ffi::,...,
iJiJ" J,il::i#ij::','f:"":i#rh 

rhe recofrmendaton He asked i' rhere we,e anv addi,,ons or quesriois

f; #fl ,Yi:illi:i"f:f t * ;::T. H"_ffi i:"".".ffJ?.*:,?:"tii i,1titii#txli "1:"11ilx1;

t*i:,,ri'f;i.iIJ;i.,ffi"{:ij;l.l{'r 
",.,,., 
ff r':,**.?:: i }*r*i;t

i; lf;1',.'#"f,'r:i{rfi :;:ifi{ftl;;.l'r-::1"rriqri;. ".r,i : r,iliy
H.i; l :ii ::"r"#i:!r.i"; fuT,;:'r;r;iri,l'",;.ii:;:"rT:;:,j :;;-::r' 

" "

;iqt,:* i=i+i ii'*lr"**;ri;;rl;;;i';""",'"";'1
;*;;,t*ti*":*iirll:ii:lr,i.";ii;f ii::#*li:i";';toturnesvslem Hewds not sure lhat woutd bemechan.r

:|:***"rii;*U:i'l#i Jlj:H;i""ii'dl*rltt#"ilr'i"ii'i":'ii'"ix;i'"
* r'"*;*li*"u" lvr:+l'"'"2f**rt ti;;'il;i?i:irr
;'"'J,f;"1ilj:ff: ;ff".Jifliii?:Hi::lt;il,?:i t:T:;he,c.mm n€ shou d ' mk;

tr1 pnda o .ho. d or I, b",r.,".o rApo L F doo, ope-,o, sorl r rh.5

tllt1':"".H;*iriii;:y,'r:ii,i',..,# :. i rI l::::';t' i: i:i:,;::;:."
.;;1i:;*9,;;'.r n H#: ?#.':r:::"n iji"l.t;; ;;* ._h,*,
#;;:";lT, TT,::,:i"::.,"lj"lili:;i :,,;!i f ::ti."l:l ;*i:::lil li X :ij *i
T',ii: l5',"";Jii,"i[i, i i ' ;,",:;.*T,"T:"^r,-"o'aodrnqrh,hFpAFn,h6r-,1ds

i {tii},i};:1",'"":#T'ii"iil-i#,i{"'.."",* ridrr;r:"i#
, ; :;:;: u ;.t ; ji': #ljm ;r 'l:;i " ",. ::r";* ::: "i:;jj;: j:i#."
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Mr Farph Speelman, USA saw the va ue h this as th€ aditcra inre Ug€oce s de ol eithe. a ground.based or
aiar based wan ng system to ihe pitol ro rake acrion Hehad been n thc ancraft (echnololy apFucation
wierern$eplolls re ievod ot dur es or add ltona dur€s aro added lo h m and taking conr.oloi lhe
aerop ane away lrom  re p tor to an auromarrc syslem is sooerhinqlhc plols have nevorgone a ong with.
rcrud ng systems wh ch woltd eloc he piotlrom a nr itary aircratr rhat was unuyab a lhe pr or sl twants to
rera in lha tdecsbn P. r ro rwhanr rewrghtLaborarory isdons is  ook inc . tc rearnganau iomarcwarn ing
system to tha p rot or to rhe gfound conrrolters or to lhe rowe.lhal says youd berer ilo somethjng in the n;xt
30se|onds or you are go.! to have a catastrophic co usion yo! dolhatwith aercptanes. wed;Ion rhe
goundnow. parr o, th.r syslem hasto beanaditi.iat nletigence toop tha akos a took ar rhis ov€tuhetff.(,
anountordara sods our rhat wlr ch js impon.nl and teeds a message back lhat says youd belte ake
someaclon doesnllakelheacrion bltwansolthe need tor r. He saw lrem€ndous va ue here b.cause
lh€r/n!!e been ta k qt abou he logic ior an ad t. atinletigence loap. th s p ece ofwolk jusr saved p.olrably
$40,000 n Iho contracr ro devetop Ilre pretm nary lhoughr process tor adifc a intetigeic;, thereio€. the
vo rrasakeady paid oit.

Mr Thdpe was fot s€ tiod lhe paperwherhe. rhc app cal on was dcs qn€d lor m lirary ancr!fi {wh ch
{oud€a. l f ro resharpy)becauscanyc iv  a rc ra t thasan.$ , t r  lo to i  ner l  a ,  eng i fes  thar  spoo upvery

I r i 6  i ' o  ^ d  o r t d i u . . l r o a o ,  o  d , r n . r p r o d .'  ' r ' l d p '  r 1  ' l i d - p o  . o r  d  p o b - T  / o l i o  t d  I 1 r .  r o b ,
rt iq a ofq ar 25 000tt !v rh rhe dr nks s€ryce go.!ton and it sudde.y hafocuvf.s very sharpyL

Mr John Scubert, USA sa d nol to tor!€r  ral with n  re are. ot an airpod ancan are r,.srr cred to 250 krs
and i y.! redrcc y.urspeed from 500lo25okrs rherorce ot mpacrgoes down a lolandrhe moreyou
.eddce speedrha morelhe mpacl torce gocs doen. trisatsoagreed lhatmost brds arerlrher ovJrotlre
qrcund 50o of 1o00lr thcrclore one ot thc best loos novJ is as ghr.nd ground radar lhal can hcrp w rh
wafi nq sysreos, rts lust work.9 wrh rho speed ol rhe an.raft ahonq orhcrlh ngs.

Fro lDrBrudcrer  asked i l  peoprewere  nhvouro lsuch a  focomnendaron.  He asked l t ra t  peop.who re t l
.onlldenl wtlr rhc malle o hetp nthedecision as lo whertrer such a.econrhendauon shout.l lre iicuded or

Major DeFusco madeasulgesron rhata recommendarion lor conlinu ng ro search tor emerg ng
le.hnololies andlo do research nloon boardwan g sysrcms

ProtD. Bruderer ae.eed rlra trisw.s a good suOlesrion and maybe cou d be agreed lpon

Mr Kdlly sugecsted lhe word n! nol lo shur th:s id€a down for a tum€ b!r lhar vJh€n thc le.hno oo es courd
di.l.h up llris !rea cou d be revs rcd

ProlDr B.uderersad Llwas agreedlrra he rcconnreidaron shoujd be rephrased. Ths ur.s ai.lreed by

DrBeckersa id  a r r rheworkon lhese manerc  in  sp i reo fgood rcsu tsseen lhs  morn inq  c t ran l i i !  the
stenlrc resulrs nto operariofalprocedures can on y proceed s owy Ho tel one good general
re.omneidationwas betterrhan severatdetairad recohh€ndatons The rechn cat posstb iti.sareso
advance'r hemaiiprobl.mi.Germanyand,hebeieved in o rer couirries as wc I was the need ro
coovnce th€.urhorl es wrro spend rhc money.

l,laior DeFusco suglesled rha sc ence behind this needs to be r ghren€d !p aid then a so thc detvery ot
producls lo lhe le d o.e ofihe lh ngs thar mpr.ssed lrim ar this med ng was lhe evetofsciencc ba ng pur
flo lhe technology. Therearovery lood stausl cs. conrroted experimenlatioi ercand necdsto be
encouragod r.rhe. rhan corroqura or anecdor. lype ot approaches ro some ot lhese technotog es rhal arc
0erng use! .  espcc  a  ry  i i l s lobosoa lo lheautho . l ies invar io !scounkes .  Ca@husrbetakcn.o l lo
oeate a product rlrar is !oing lo be put ro lhe I e d e rher to a pitot or Io an admifisrator that he canr
undersland There 3re lwo asp€cts to lh s, one is rhat lhe science js deretop€d tor the botogisrs, cfg n€€rs
etc tlrat !.dedand llr.t sc enco and lhen rherc.s anorher slep where lhal leclrio ogy is takcn and
ta.sretretr ro a useablc lon..s in lr'tr Kelys presentarion where p lols have a mtnulcofsoto took al rh s
lecnnorogy and frake a cilica dec s on so ir is neoded (o.ddress rheTomat by which we edlcare peopte as
Dr Leshcm was saying as wet and a so de ive.rhc producrs ofihe scienc. ro rhe user.

._4.
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lrr Kelly rhoqlht the hardesl th ng in lhis tie d is rhe ntoraciion befdeen b otogy and enoineerng and
eleclron6. He ler he had had an exvemety bnunate backg.ound wodinq wilh rheair Forcewhere h6 had
oecom€ aware oi a oreai many otthose d sciptnas but as a biotoq sr and sofrebodywho pogramfiesfttnqs
inlo computeF ( is a rough disciptine lo efrbrace allhose olherrechnotogies and brnO irem log€lherand
fial.equ res massve reamwork and lhars when deas about dodqinq b rds wirh radar hay seem ike a great
co.cept bur you have b pu lrhose peopte logerher ro be abterolhr6h out exacrVwhat rhe recu reneils
are and then why n s physically poss ble or nol possibte lo do on€ ollhose rypes otthtngs

Dr Becker tully agreed w th the ido srarements and said n is atwavs hard work to comb nelhe d fi€r€nt
know edge and interesr and when speciatsls have lhe I own anquages I ts djfticu rro brtns idomarioi
logerher and espe.lally dillicu I Io binq lhe intormalion b peopte who shou d spend lhe monev bocauselhe!
d . .norno 'na l i , ion ,  a '  ̂ ' l l "eproo tFn Lo . t i  ' n  rnF ,o ln1  es  wr lh  iu  - r iq1*+6sov i : rdc  dc i r
ls@elperhaps, thal lhere has been a success. whereas in Gemanv and mosl ot Ihe orhef countres n
Europe Ihe authorit es have rhe idea lhat a probtem is generaty solved bul its.ot ctear because there are
prooems ano tne  sysremsmus l  be improved Hebe ieved lha t in lheu. teds la res the ta ta taccden lso t
|ra past had Siven aulhorit es rhe tdea thal ass stance mustbeimproved.  

 

rhere ate no tatat accid€nts
nprcvemenrseemsno l robenecessarybur i tsuchanacc idenroccurs lhenthere is theoues lonhowcan i r
be possible. HebeleveslBsc m usr prooote then wo*, systemsmusl bejmproved and atways try ro

DrB.  -b  hon.  Fd  x  d  pd1 .  Oo. \  d  o  o ,ed  r ro  r \ ,  . ion
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