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i"-*ii"" iiiJi"rsat tha '' vthrealen sar€ flving oDerations Recent researcn
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Recent Research into Reducing Birdstrike Hazards
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I.O INTRODUCTION
Th6 ovents l€ading to th6 toss of an E€ ,AWACS'aircraff in Septomb€r, i995, have
underscorod lhe contjnuing nged for technology dovslopment foi the waming and
controlofbkd populations on airfields. An TJSAF report ofthe accident note!
delicioncies in tha acknowledg6mont and managsment of an increasing poputation ot
Canada Gses€ (Erarta caradersis) on th6 airfistd (Anonymous t996;.- ihese
de{icienci€s sugg€st that thero is 6 g.owing n€€d for t€c}ilotogy apptic€rions to wam
aircrs$s and sirfield manag€m€nt of th€ prosence of bkds hazardous lo sate flight.
Birdstdkes to USAF aircrafl result in damage avarsging $5O mi ion per y€ar.

Tecinologies d€velop€(t to fulfilt milita.y n€eds can offen be modiled for other uses.
This pap6. discuss6s ths corporate USAF commitment to bring new, avaitabts
technology to bear on this probt€m. The d€vetopment of new, ;ffectivs bird hazard
management technologies or procedures wi 

 

b€ passed atong imm€diatety to lhe

2.0 INFRARED SENSORS
The purpose oJ lhis research was io investigate lhe f6asibitity of using infrared (tR)
sensor t€chnology lo imags birds. Infrared sonsor t€chnotogy may havo 6ppticati6n in
loc€ling bird targets that pos6 a threal to safo flying operations. ih6 quick
d€volopm€nl6nd application of such a capabitity coutd h€tp identify danggrous
srruatrons tor tmpt€m€ntation of bhdstrike 6voidanc6 proc€dur€s.

Whil€ a significanl body of tilerature exisls for using €dar and visibte light iechnotogies
lo deled birds, v€ry littlo h€s b6en pubtjshed on using inkarod (tR)lech;otogy to 

-

delecl birds. Inliarsd detection sysl€ms coutd provide a towrost, tow mainG;;nce and
hrghly accurate melhod for dst€cting indtviduat birds or flocts of bkds that coutd
present hazards lo aircrait, Thess bhd indications could lhen b6 used as oart of a bird
strike avoiclanc€ sysl€m to provido information on their location lo aircr6ws, sh trafllc
conLollers, or airfield managemsnt perconnel. An a.titicial tnlottigence sysiem coutd b€
inkoduced to "alarm" situations needing prompt and specific ate;tion.

2.1 lR Systom Componsnts
A typical infrared deteclion system inctudes three jnteretatod components: the ootics
used lo foqJs lhe infrsr6d €nergy on a sensor, Ihe infrared sensor itsell and the
sleclronics/computer us6d to controt ths optics and intsrprat th6 lR data.

Th€ optics of an lR det€clioh system consists of the t6ns and a fitt6r. Ths choic6 of t€ns
syslem det€rmines th6 ti€ld-of-vi6w r€quired for th€ sensor syst€m snd th6 fitter
dslermines lh€ lR w€v€tength that wi 

 

b€ exsmin€d. In ess€nc€, th€ fult tR soectrum is
segmsnled into thr€6 rogions (Figure .t) that ar6 not compticated by strnosph6ric
Inl€rl€ronc€s: short wavelength tR (2-4 microns), medium wav€tength lR (5_7 microns)
8nd bng wavolsngth lR (812 microns). The tong wavetength region is expacied to
achrgvelh€ groal€sl r€solulion for oua lR s€nsorsystem bec€use it is lsss sensitiv€ to
refleclanc€ from nearby terrain.
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86nso6 ero available in two basic types: stradng snd sc€nning Stadng arasys erc a
matdx of lR dot€dors typic€lly rectangular, such as '128x128 det€clors. Scanning
laosors €rs Usually on€ oa lwo ror/s of 1024 or 2M8 sensora. Ins stadng arsy sonsor
ryslom,lh6 optica are usuelly lix€d and the 6ntire llgld of vi6w is imagsd
iilt6nlan€ously. In a sc€nning syst6m. lh€ f€ld of view b divid€d into overlapping
!€om€ntr and ih€ oDtics nrov€ 3o lhat 56gm€nF ar€ s€quentialty imag€d onlo th6
!;sor. Thu3, ihs ;ptics and sensor systom ar€ closoly intefielated Ssnsoas ars
fiadg of many difi6r6nt matorials. The proPerty of lhe mat6.ial govems lho wavelength
lo uhich th€ a€nsor r€spond6. Typical matedats used for sensoas include M€rcury
C€dmium Tellurium (HdCdTe), Indium Antimony (lnsb) and Platinum Silicon (PlSi).

Ii6 lesl component of en lR systsm is lho €l€ctronicJcompuler component which varios
according to tho amount of prccessing lhsl is requk€d.

2,2 lR F€lllblllg Study
For ou f€asibility sludy we used a medium wavslength lR (MwlR) sensor system
crrently used to local€ missilo targets many miles away. Birds havo been d€tsc-ted In
tlioht aq;inst sn oc€an background at €pproximat6ly six kilom€ters wilh m6dium wave
6:&4.i mic.ons) IR imsging research sensors (Ston6, Takken and Bro$n 1996)

Sev€lal specles of birds wero imaged-toth c€ged snd in the wild_to determino the
s6nsitivity of lhe lR apParatus and to approximate detection ranges Oabl6 I ) Though
usstul lRlmages couid b€ obtainad, ths MWIR wes not s€nsitive anough to show birds
at s Bssonab]e distancs for lmplemenlation of bird avoiclance msesures. This finding
sug06st3 that long wavetenglh lR (LwlR) may provido the bsst sensitivity and rang6 to
discriminate biad targ€ts in an airfield €nvironm€nl

TABLE 1, lmaglng of bltd3 uslng medlum-{rave Infrarod system

Conmon Nrm. Sp.cl.t
R€4tailed Hawk Buteo ianac.nsts
Rod Dov. Cohlnbe livit
M.ryanror LoPhodYtas c0cdhtus
Eonrpadlt Gu[ Larus Pl hdetPhh
Mallad Ahas pletyfiynchus
camd. Goosc &znta c.nadands

Th6 follow-on projoct will €xamine oft-the-shelf, LWIR system components for d€tection
of blr&. We * aoorment soverel possibl€ LWIR syst€m component options to
d€lemlne lhe b€st performance snA prico fol a complete LwlR systsm capable of
d€tecting blrds at short rsnge. lffoasible, a prototype syslem wlllbe const ucted and
svaluat6d.

3.0 ENGINE NOISE
Th6 DurDosE of tho €ngine nois€ r6s€arch is lo delgmine if @daln, discrelo €ngine
trsoieni:ies can le used to $,€m birds ebout the airdaff. Seeman (1967) reporl€d on

c€go{t; sl6ng lmago at 160 f€el
€g6d; imago et 160l€d
cag.d: faiot imag. at 160 f.st
cagodi no lmago al 160 f.€t
xdtd; lainl lms$ at -30 ro€i
wildl faint imags sl -200 tssl
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sludi€s conductod by lhe U.S. Ajr Forcs using ists €nd sounds croat€d in th€ taborarorythal caused flocks ot btsctdirCs to Oissociarel burrng an €xporlmsntat monirorino ro
::L:I_blid: !:ll9 "gr:ti. morhodolosy, Fazio, 6r. ;t. tr gsat "h*J "p;;,J!o,narr€q!€ncy ove.laps at about 3000 H€rts for Bo€ing 742 enginis ana guti ispecteimknown) voc€lizEtons

Using_birdstrik6 dsta fisintah€d by the USAF Bird_Aircraff Strik€ Hazard T6am, thoauvErs |oont|lr€d some outstanding incongruitiss in usAF birdstfike data for c€rtaina|rl|elos ano arrcrafl lypes, For €)€mple, for ovor SOO KGI O birdstrik6s at Ba*sdale
f_1.-!!11i1'" t'". 1s95 9a, lh€rs ;xisrs an 80:20 (tanains:tareoD [r; ;i 

--- -
orosvrK€s; |ne.sxpoctsd ratio shoutd b€ closer to 50:50. This sugg;sb that ther6 mayos som€ cues {p€tt|aps aurat) avsitabte to lhe bircts during lhe faijotr thai ;re ;ot 

-,
present during tanding. lf there ar€ discr€t€, common freduencjes lhat ;; ;;;s€;t in
,bolh aircfan notse and bird vocalizations then what information do ths birds recsivefiom |h€ sounds? Engine sounds €rs a ltk€ly sourcs to begjn tho s€arci.

Armsuong Laboratori€s' Nojs6 Efects Branc.h (AUOEBN) conducts nois€ research forlhe_Air Forcs and mainrajns a tibrary of USAF;ircran noii" rruqu"n.y "p"J" rori-rr"enSno 
1o]s6 rrom a siatic KC-j 0 sircrafl was obtained using th€ rioiss ;n;lysis svstemd' ruvEoN. I nss6 sounds ar6 repressntativ6 of takooff power configuration ana tv€rscorlsct€dst'10 d€sree incr€monts irom cL2odmr6os (rril;;rr"i. il;;r;";.;- 

-
r€p{€s€nt continuous p€ak vatu€s co eci€d tor;ngrne runup.

Bird drsuess calls ofl€n ar6 used to disp€rc€ c€rtsin bi.ds by pteying back th6sevocar1lons ovsr a toudspeaker Distress tap€s for s"u"rai 6ird spiri"s ana "composrb drstress sound ("Mega_stress.') w€r6 obtain€d trom the iJ.S. Departnent ofAgnculur€ Ar malDamsgo ControtOfl]c€ in Cotumbus, Ohjo snd th€ De;erWitdtnsx€soarcr cenrers Sandusky, Ohio Field Station Cfabb 2). Fr€q!,6ncy speclra for thsorstr€ss catts w€r€ obtained using the akc{aflnois€ anatysjs system aiAiOEBNlnes€ sp€ctra ropresent fr€quency peaksvarage vatu6;ov6r'ths entire distress c€ll(iqures irs{).

TAALE 2. Bird Distrs&s Sounds t s6d In Anaty6is

Snovry Egr€t
H€r.ing cull
Ring+illed cu 
Crow
Starling
Red-win06d Blackbjrd
Common Gfackla

Sp6cl€.

CoNus brachyrhyhchos
Stumus vulgads
Aeglaius phoeniceus
Quiscalus quiscula

The key fr€quency overlaps c€n b6 dslerminod by combining ths valugs for the speci,jcrrequ€ncy peaks for th6 engin€ noise and th€ bjrd sounds. Figur€s 4€ (a_c) show the
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ffi,tllri,�;trr+?:ij.#$j"if lij;ff#fr trf,,lii!ffi ","
ihen one speci6s

mwWNtffi
#,,N;$;1$tiillx'g:*t'**llilU,+'*tr;:t"""rni#ti

*nu*ff*l*mulnts$*W:
trfr 'lt+!;t*+e$fts*J1u;,#:k::tr'$i-'#lgffi ;
rj*ffi*tr;nt*";l*'ru":r*'**tl+"li{+:1i','i#'+1;
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\ryilh the early |adar systems, some aircrafr pitotswoutd tum on their aircraft wealhelradar whsn.birds are presentin the b€tief th;t h€ radarwoufa nerp reep UirOs awav.rome peoprs can appar€nfly .heaa' the ractar signat. Studies conduct€d by united,slal€s Vstsrans Adminisrration Laborarories (Ju;r€sen 1s7s) ,ndicatsd thai ;;l;Lrionof lhe €dar signat se€m6d to improve th€ abiiity to unoersranO a messaqe rransmlidusrng rn€ raqar bsam. I has not b€€n d€termined $hat physiotogic€t p6c€ss a owslhis phenomenon lo occur, Avemge power of th€ faaar syltems aoas nol seem io Ueas important a factor as is lhe rare of change and the "rnoijnt or "n"ng"; th" r"d"i-pulse (Genova and Castigtia i99S). peak;nergy ne€ded to produc€;n audibtemsowave was gry€n as 10 percenr ofthe pemiued (m th€ U S ) safe exposure tevel(in 1975) for continuous exposure.

lflhe radar srgnatc€n be modularsd with information that w[ ,,mean,, something to thebirds-such €s, "Dangert'-then that coutd bs a powe.fultoot in the efiorts to ct;ar b;;stjll^,1".111_91."1,.-ft 
, 'r birds c'n be provd;d an "",rv *".i"g "i;" ";p;hhs 

-
arrcrafi, m6 De(er Ihen chances of g€ttrng out ot the way, or of modifying their fl ight 

"
parh to avoid being hit by the aircran. A pretiminary anatysis has sh;w; that if b.irdsEn os presented wrth an apprcpriat€ avoidance stimutus 4oo0 fser ah€ad of thearrc{_6n. rhsy coutd avoid even rhe targest aircraft below t5OO fee(, either on take_ofl or
l1Tll9 !G"i9l: :"9 g*usria rss5). rheor€ricarry, modutared radar sisnars c;utdprovo€ € srgna.t ar distances eiceeding 5000 faet in fiont or an aircraft. i study isunoerway to r€nne th€ research protocot and, if successttjt. to devetop a protor;pemodulated microwave warning system.

6.0 BIRD AVOIDANCE MODEL IMPROVEMENT
Th6_Brrd Avoidance tvodet, origina y hosted on a main_framB computer, has been usedoisr a_decai€.to provid€ mititary aircr€ws, flight schectrter" "nO fo*_r""eriirrirrO"f---rarnng roule ptanne.s wilh information on the expeclgd abundance ofbirds alonosp-ecific llight paths away from rhe aidi€tds. rr,ght a""i.ion" "";ih"; b" ,J" ,""nonwlr.avdq Dfd€trcrafl interactions. The bird avoidance modet is continua yundergoing improvement In th€ tale t98o's, the modetwas transitioned to;geograpnrc Intomalion system toftat so that the conkibution ofhabitat fealures thatmay affoct th€ density of birds coutd be consid€rsd.

New bird species arc added as detaited jnformation becomes avaitabts. A species ofparlicular_interest is ths Turk€y Vuttur€ (Caltades a!,ra) lhat rs c€uses about on€percent ol rn6 (approximately) three thousand birdstrik€s and 40 percent o he incident
S,",T1s^:':--u:{-.1113I "6ch year .rh€ movemenrs or severar iopurarions or ruri<eyvutrur€s are Derng monitored with gtobat positioning transmi(erc whjch are tracted vi;salellile. Th6 trsnsmitters r€tay th€ vuttuiss. attitude, tocatjon and time. Thisrr ormarron ts used to generat€ risk maps for th€ vulture populations. Lowlsvetroutescneoursrs and aircrews willuse these maps to choos6 their route and time oiftioht tdavoro p€ak, polentiatly hazardous conc€ntrations of vultures
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