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Summary
Bjrd 'slic6' d€nsiw data of intact birds was acquited using modic€l diagnoslic
"or-io,*nt "rtn" hrriont-p"tterson Ak Force 8as€' Ohio' hosprtal lnternaltiss'ie

-'.ris;'"ii"" d"t. ".-" *rr"crecr on twerve spsci€s oI bi'd:.Y:1199-t!J]:i':-::":f l*
;;;;;li;Ai; G ieGs orbirds usin; computeized tomosraphv (cr) MRl

oroiaJs aetaieo informilron on the location and onentalion of intemat body tiss'ies

inJ slruiries wilhout oissection cT data provides gteater detail and lheimage

intensitv rcDrosents relatNe d€nsity infomation of the tissuo Theso l€chnrques'

iipl"ilirritr, *uo '*"t"ally reilace the dissection method ordeleminins densitv

anC couti teaU Io the aevetoPment of an improved 'virtual bkd ' for computer modgling

;iiil; #"'-.il;'L'lliciat oira' ror uie in aircran compon€nr certificarion testins

(Key ords: Engineerin$ T€sting; Bird Populations; Eody densitytu€ighti Artifcial Bird)
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I.O BACKGROUT{D
U.S. Ajt Force alrcrafr ev€r6ge ovor lhre6 hous€nd birdslik$ €ach y6ec about oneoor ot 5ir bir&lrtkss csu!€3 .€portsbts damese. since.lenuirv iidri t ji-rr-Jve-Uien
9ll]:11:."tg1 .,..l ens.resutrins In bsi of ff€. torar r""'or iiiiiii ii jrlnjuJ '
oemag6; etghl of theso bldrtrik€ accid6nts wBrg a resutt of englne,ailu;;fi€r 

- -'-
ingestion ot blrds, tho mo3t r€can[ b€tno th6 1 995, E3 , lwAC-s, crasn-in lrirju **hgesllng Caned€ G6es6 (Bharr c6radgrds).

Con|rnercialiet airltneIs etso a€pott 6)eensk€ loss€s du6 io bjr& with as much e3 ons,t rd.oflh€ in-€6Nico fle€t dsmsge du; to €ngin€ ingasrion lroonymous i6#i. ii- 
-

rsv4,.u,s. comtilercid enct pivele aiacrefi u/6re involved in 2,22oiird sHkes..whidl
tf^Tlll .!,pp:lJ: lg:".{an 20 p€rc€nr oJ rh€ acruar numodr (oorueer. er ai iidli.I n€ annuat cost of bird aHt(€s to civitian sircrefr has bsen estiniat€d at $t OO mi i;.uro snk63 to commerclel jeUlners ar€ most ljk€ly to oca,r wlen tre atrcran are lelow
1o^0^lqljurinq.talGoff.and tsndtng-rrhen sfong €ngtne pdfonnance is c.tricet. Curtis(r uvc, sro!red lhat ongiftrs wff€ lnvolv€d in ov€r 75 p€rcent of the bird skik€snvoMng oamago on 8o€ing 737 .3/4l',7 47 ,757, and767 lds.
2.0 PURPOSE
The purp-os€ of thi! study k t$/ofotd. First. wE sought to mod€t the ts5ue densiti€s of av€dely of N!.th An€rican bi.d spect4 snd doqmdnl vadgbitity in th€ Intemat i;;;; 

-

deffitt€s of birds. Sscond, w6 wentod to 63taltistr a meuoaofily frrai coriJ#a'iiflvprovid€ dlgitizod tissu€ d€nstty date for an enti.€ bird. Ihs dtgiti;€d d€nsityd;;;,
!: qel*.to ereJe{ o.ry sspecr to th€ airsalt componsd under €vetu€uon. Thtsc€paDr ry ls pantqltafly uaetut in th€ dov€topment and testing of sngln€ tu6tn€ blad63wnci may 6n@unt€r the btr& el €ny orientation. ne Oensi[, aaa-can Ue useJto---mooet lhe wol3l, €xp€ct6d. impact forces pr6sent6d by lirts iln aircran engines-, 

--
hansporonci$ and atdreme componsnk. Th6 study is e collaboration with'W;;hfLEboralori6, th€ U.S. Department ot Aoriorttur€. and the Central Scjenc€ bb;loryotlh€ unltod Kinodom.

3.0 JET ENGINE DESIGN

IT.fpability of aircr_sfl turbine €nginos to totet€te bird stikes hes improv€d over the|a$ lhreo d€@d63. EnOlneE eae more po/verful and c€n mgintaln desir€d safstv-of-n|g 3renoaru3, As n6, stendaKls tak€ effect snd n6M/ englnea ar6 c€rtified, e ;016cos.l-€ffectlve t€chnique ls sought for the chsjgn ongjneerln-g and early cenificstionI€Stng.

l:he blrdstrlk€ p.obt€m ts dia€c y Ftatod to the projoct€d Aoniat €r€e. A3 an eircraff
PIplT,T ly.:T: t" "f", rhe probabliry incrois€s proportiona y rhai rr witi bemvoveo rn a biru.driko. As englns intakes b€como largor;it b€com;s rrore tjk€ly thatr|€y wil ing$t e bird. l<g€ptng bir& out oftho €ngtneiatiogeherwhite mainGdhf-penomanco ls virtuetly impossibte ao considerebd €fiorts trive Ueen maae io ;J;eiooongings lhal can contlnuo to op€rat€ aff6r €ncountering e lird. Th€ devsLpd,;;;lcor{fication of elrcran enoin€s that can u,ithsland bi.d jtdt<es is cos{i € ti;J 

- - -
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coNunlng. €ap€clslly' compo'€nb murt undg'go full€calo testing'

bird3 to m9€l lhe n€tr standards'

m'+$*ffi'*-*H*'w;m-;
forc€3.

m EXPERIIIEi{TAL APPR9A9H. --.,,-..6;* abody tjssue $6ociated wrth

l:ffiff"s#?il#"Y&T'ili"uli" o*n'r'

TABLE l. List of Bird Speqies Scanned

Common Name
House sparo/v
Bro$n-h€ad€d Cowbird
R6d-*ingod Blackbiro
Europ€an Starling
common GEckl6
Leughing Gull
Rock Dove
Mallard
H€ning Gull
Black Vulturs
Oomestic Chickon
CansdaGoos€

Sclsntiflc Nalne
(Pssser donesficl's)
iuolothtus atel
iAgeraius Phoeniceus)
lstunus vulgans)
iQujscarus qursdrla)
iLsrus atticila]�
icolunba liia)
iAnas PlatYthwcllosl
iLans argenlatus)
icorcgvPs atatus)
iGslrrrs gaflrs) ..
laftnta canaa,enss)
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Th€ bld spedmens wero ecquiaed by u.s. Department ot Aoriqrtturs, Donvsr witdtir€
.T1*j19Tq (9yqc) p€Gonnoithrough tjv€-r.epping, netring or lhoo ng. Btrdswar€l€prur€d, nendtgd end €uthenized with gas€ou3 c€6on ctioxide foltowin;
:HS:f 9!9.1ry cro""ltr6s (WRGt39/_21,#-2S6/i83/4o4l_24s) epprov€-d by rh6uwKu a Antmat cana €nd Us6 Commitbe end the Arsricen Velodnarv Associalion_Ar sp€omena w€r€ @ll€cted und€r sppaopriate Steto and F€d€rel wib]f€ collecflonparm|rs- Afl Spedmgns s/ere trozen imm€dist€ly afr6r co ection end thaw€d comolslatvD€roBrne acsn6. Th€ reseaftrr w€B conduct€d undea proj€ct # R9SO3Oa. whicliwa3app|oved by the Surg€on coneral of ihe U.S. Aj. Forc; in_F6bruary, l99S:

Sfujiosl|/€r€ conducisd on th6 ty/€lv6 sp€cies (s€x undgtermlned) to comparo thescann€d blld dgnstu€3 wrtlh the omphic€l datia co ectect by the waiq djsDl;cem€ntm€hod (ir€Emans, Hame6hocl end Bemhardt 1995). Th€ rosults ctEr;derjzo birdo€nslr|es tor lhos€ bird epecj€s lhet havo histoicelly caused btrd striko paoblems,

{,1. _lfedlcei Dlagnoldc Sy!t6m3
,r ne oros.wana scannsd uslng magn€tic a6sonanc6 imsglng (MRl) and computeriz€dlomogrsphy (cT) diagnostic oqutpmsnt at rhe Wight patteljoo Lir rorce s!i.. oiL.nosp|lal I n€se syst€ms altof, the visualization of .lllces', throuOh lh6 bodv at anvloca_tion end orientation allolving th6 visuat tsotstion of inte.rnaf siuauies sJ miai&fprure$|onats c€n diEgnoso and treat dlsgas€s end oth€r bodily melfunc ona.Th€s6 syst€ms prcvldg a uniquo tedtrology to compsro lhe pdsition snd 6xent of the
1::1-T:!"-"_g l',!1 The.6teriv€ positions of the inremst atrucruros er€ rh6 pix€l
cooaornd€s ot lh€ imege. Onc6 lhe rpeclmsn is scsnned, th€ pix6l data can b;o6prcr6d et any point or through sny ptane of th€ bird. The fissie diff€r€nces ergo€pqe! hrough vsryjlg shad€s of grey of the pb(€ls and ar6 visu€lty djsplayod on ecomputor monttor. The data fof en entire bird can be combined to;hori, t!h; 3_omonsbnat rclationships of th6 Intemal body slructur€s. Th€ dala sre srclrived asrma.gga 3|nc€ dtgiuz€d data is seldom requirod by m€dic€l professionals. The dateorgr$ang c€pebifitias ot th6se Bystems offer many possibte wsys of epplying th€ data toimprove bhd Eirike modeting.

il,l,l. llagnstlc Reaonance lmaolno
MRI scens w€rs.podorn€d on twe-tu€-spectes of birds du.ing Merci, 1 995. MRt is snon-ronEhg radiogr€phy lecfhlquo to vlew lhe tntomat organs and othea slructuros,
MRr usgs-e atrong (1,50O to 20.0q) gauss) msonetic tietd to etign certain €toms jn th6nudeuaot Oody celb, MRI meesuaos lho signal, much likg I radlo signal, thst isemrn€d Dy€toms es lh€y arg o(clt€d by these strong magnstic fluxes, This signal isconved€Cl into a visual inEg6.

ThelrRl dstE can be nantputst€d through e pow€rfut, mini-compul6. M/hich c€ncombrn€ s€palat€ imag€s_and cen compul€ lhree-dimensioflal r;pr6sentallons of lh€|mag€ oeta,. Tissu€ density calqJlations must b€ incoDoratod separately st theapprcpnato imag6 @odinetes by substiluting the whote orgsdskirctur€ ijensity vatuas
co gct€d dudng disseclion.
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m.9,ffiffiF,trru:i"#:ilJirir;i ili'li'iiiJ mt uo rom;inins 3hot wourd
cinstttuto a hszqrd in the high megnetlcfielo'

gfft;;ffi[1ii.ffiffUin-J"li"-" in no&" t.onii"n to risht rhe rar 'isht
d;;atty btock epproximaies hat of bon€'

iffi"ffi"ff}lHffi tr*nsw*#+rr,ffi:"-,
of fr6 ti63us,

ln Msv. 1995 ths CT sysiem sofrwarc was modilied to allow colleclion of continuor'/s
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(tho thoreclc cavM. HIgh positivo numbor3 donote inc.€a3lngty d6ns€ tissue (bon6).
Not€ lhe amall varlalloru within th€ ssm6 tlssue lype, €speclally the brsagt muscto (on
eilher 3id€ ot lh6 6temun) whici b faidy homog€neoG.

5.0 DtscussoN
Psfiap3 lh6 stong€st aapoct of uslng ailher MRI or CT Is lhe systems' ablllty to shot
d€tailed relalionshlps of inbmal sfuctur€s, The MRland CT dala colledod fo. thlg
atudy has b€€n €vailabl6 only e3 lmeges; the softmre us€d to @rw6|t to numedcal
arays ls propriotary and oeensivq \t]llle tt ts usefulto view th6 r€tationshio oflh€
hiemel orgam d lh6 bir$, th6 digttized data b ne€d€d for appticstjon of advanc€d
compuler-alded (bsign ofiet englne compon€nts. Tho attemative r€quir$ phystcetty
r€rrving veriouS body part3 frorn 9€(h bird, m€asuring thg density snd rocofttructing
6ach slice into a thr€€ dimensionsl .epr€sentstion of the bird. Cotleding bird density
dEla in thb wEy is tedious, llm€-consuming, and bids must bs sscrmced to obtatn th6
informetion. CT{c€nning could b€ us6d on living specimens and lhe date could be
svailabl€ almost immsdiatoly.

We are continuing ou seaach for sof,\raarc that c€n redu@ lhe imag$ to s r€adebls
daiB lield. In tt|€ n6ar fufurE, ure hope lo acc€ss spocialtzed computEr sofiwaro (6.9.,
ANAL\ZE), which csn be us€d to convert th6lomogrsphic im€g63 Into msnipuledls
data 6rata. Thb numedc€l daie $,ill b€ us€fuI in rofinlng finite elem€nt modeb U36d to
dasign 6ngin6 cornpononb. A possible spln-of of this rusearch may lh6 dev€lopmsnt
of a Btanctardized bhd d€nsity model--6ilher resl or virtual--for us€ In eircraff
component c€rtillcation oa airrcihlness testing. This could hetp .level the playing
field for th€ lndlsty and could reduce, if not compl6tely remov€, the need for ecluel
blrd specimens for lmpact testing.

For possible trtur€ studi6, it may be ussful to detemine it CT vetues collEcted her6
ar€ ropres€ntative ol ihe tissuo density values for "liv€" bir&, Thls Infomation could
te important in ths devolopmenl of an "artificiat bird,for impact testing.

6,0 Gonclualona
The uao of CT b prgfsnod over MRI in ths study of body dsnsity. The density of birds
c€n b€ del€minod through eny plan€ wltfrut cofiiplicatgd and tim€-consumtng
dissedion. Sirc€ CT rclat€s diredly to tissu€ donsiv tittt€ meniputation ol tha data is
n€c€ssary lo suppoi num€rical modeling n66ds of eircJsfr designers.
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FIGURE 3. Computed X-ray tomography (cross-sectional view )
images of Mallard hen (a) thorax and (b) posterior abdomen,
showing region of interest and associated numerical data.
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