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Abstrdct

united states Air  ! 'orce Bird Aircraft  Str ike Hazdrd (BA5H) Tean ls spon::ol ing

research to ut i l ize an algorl thm designed to detect birds on the na! ion' ' \ t ide Next

cenerdt lon Uedther Radar (NFIXRAD) system current ly being develoPed. A phased

approach to the task of algor i thm development separates f Iy lnl l  radar targets lnto

s e v e r a l  c l a s s e s :  w a t e r f o v / L ,  p a s s e r l n e s '  b l a c k b i r d  l o o s t s '  g u l l s '  l a P t o r s ,  b a t s .  a n d

insects, Data ! , /ds col lecteal for al l  c lasses and a draft  algor l thn was prepared fot

waterfo4r l  in the f i rst  phase. A second phase is underway to test the wdterfoe, l

algor i thm and to draft  and colrpare a migratory pdsseI ine algori thn'  Research has

conf irmed thdt the NEXRAD system cdn dist inguish the di t ferent classes of targets

and can i l ist lnqir lsh birds froo s/eather.  ul t furatetY thls system wi l l  provide

real. . t lme bird hazard warning lnformatlon on a cont inent wide scdle.
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.c cf fnprelre r : j lve ! te!  systpn ol  !*r ,r ther rad.rrr .  t rrnled the Next Ceoerat io, t  y i ,athet
Frddr ( l r l ixt tAD) 1s hetnq bui l t  in Ltre $l l tcd States. , l ,ne j {EXRAD system (r. jqure L)1s desiq,, l id wiLlr  thc goal of  iJenr l fy i .g drr i , ler.oLr i  , )rrd 4,:on( lr icdt ly $igni f tcdnt
w e i l h i t  t ( t l . t e r n s  a u t c r n a t i c a l l y ,  i n c i ' d i r g  t o r n d d o e s ; i  h u a . i c . t n e s ,  l r d r l .  a n di l r ) d  p r , , l L t ( l n q  r d i n s ,  I n  1 9 8 2 .  t h c  B i r . l  A . t , , : i a { r  s t r i k e  X a z d r d  , i : c a i , l  d t  T y n d d l t! . 1 f  ! . / ! . : !  B d s e  b e g a n  t . "  l n v e s t t q e t , .  r h e  p o s s i b i l j t v  t h n t  t h r s  p o + e r t u i  r d d a f: ;yst{{  could be used to ident l fy blrd: ,  , : r Iso" Tt, ts pdper wt j l  dtscuss thep o t e n t j . a l  o f  t h e  N E X R A D  r d d a r  s y s t e m  t o  e , a i n  p l t . , t : ;  a u t r ; a i l c a l t y  o f  p o t e n t i a l l y
l iazardous f i  y inq birds.

R e s e a r c l i  i o  d e t e r , n i n e  t h e  f e a s i h l l i t  y  o f  d u t , ) n a t  l c
pfogl.dr i  such ab.t l l ty into ihe Nl lxRAD sysi :em ls bein.r
l J d t u r a i  t t l s r o r y  s u r v e !  l n  l t h d m p a j  9 ! : .  I i l i n o i : j ,  t r s 4 .

r e . o g n l t i o n  o f  b l r d s  d n d  r o
c a r r : e d  o u t  b y  t h e  t l l i n o i s

r i r  t ie  renalnder of  the papef  lJe de.cr  ibe tbe e5isent ld ls  ._\ f  t i re  NcxRAD radar
systen dr t r l  l ts  capdbi j i t ies,  s t i . i r , ,  lhe nfpedrdr) re df  sof i . !  ! ,1 !d tdrqers a i tc  l iedthe,
ta.qets on NFXRAD, toL. .h upor  the r , :d l  t ime ? '1rn in i l  a i :pect  c f  rhe L\ rorec i  dnd
f i n i s h  n l r h  d  f i l l l r  o i  , , R i . r , c  

A r , : j e i s , ,  o n  d  N E X i i A p  j i k e  : a i t d r _

lhe Ner i t  . ie ! r i j l . j t io | l  ! t ]e t r ier  ra i l r  Systef l  p fescr ! t l i -  ;e  j I \ �  t l te  adv. t lced stagei  of
PrototyPe derel ( .pn 'F l r t ,  bdhedi j l€d iD t \ . !  cor0D i . r1qn in ihe l - �a i Iy  t :J9o.r .  NExRAt,
wi l t  be ] ) rs t - 'd  on d ldr , le  s  hatrd t , r i t ! .C ln ,p! r r . : ,  :  /er  u i th  a , ta1 ru\ '  Dedn,  dDd ( j reat
p c e r c r  ( i  m { j ! " ! r d t l  )  d i L i  s " J | j , i t j v l r y  , 9 0  . l B  1 y l a n i f  r . ! n . l i , j .  ? } r i s  r . , d a r  l 3  p ) . c t r r r e d
r ls ,  , :nn 8al .1r  u. t td  Aa. i r l ls r t  icr r  5!b5v9t . : : r  ,J t  Nl rxp3r ,  t f  j . j  i r lpor tant  that  there
dI4 t , i * r  i :1 iu j I  : iurJJy: i t  er ls  r : !  IJEXRAIr ,  lh t i  Ri ja ; i  Ft ix lu i j t : r  i t i l l1etdt i !n  Surs! , : te ln dnd
lhe l , r r j r . lpd l  t r . ier  pr . . ! -es. , i i r  Srrbey: : rc j r . .  Na,(FA,  r : :  t t rs ignru . . \  De hedvi ty
r r r n P u r , r r r r r d ,  a n n  a l l  d i s p  n t : :  , r  \ l | , ;  l < r , t .  r , . t u r r r d t l . , n  c v n i l d r / { .  r o  u s e r : j  d r e. 1 . - ,  i v c d  f r . { r r  , u l i r u t c f  , l  i : . i r  t . i ; j i  a r } , -  a r , t / , n , r r  r , _ -  l , r o c " 3 : i , r { t , , f , r e d ! r r e t  d a t d .  t a r g e
c. 'Tpurrr  pr  )gr ; rms afe 5ei r . r  r r r  i r ' . r , .  io  n, r . : t lvuc the . r i . l i rar  NExirAD $leathe!  ddta
ldh1le ln .  i r ) td  drc i rc j r ! ' I  - . , r r i , i i : . ( i  rn ' r  r . rkr ,  decis io. r ! :  on hdzaid. - )u: !  ' ' i j r , : ts  ar)d( d t r .  { A X n P D  p r o c , r : ; : r i n 9  ? i t l  . ! : j r  t j f  d l , d l l d D t u  t o ,  n u k ) n g  d e c l s i ( , n s  r ) n  b i r d
tarq€t ! '  . *1 l -h i r r  the rdng( . .  o f  Vi tkr {AD .a, : i . r . - j ;  t ,e , j .use h i r ( ts  r rsudi jy  , j rvo id : ieverc
w€at l le . ,  w ' r  exp.rc t  thdt  f t )n: ; ide.abte L, r  i . -  ess lnq t : ime wl l l  L ,e aval lable r rhen
severe reathrr  is  a i ) ! ;er , i  _

L . r ! 9 e  I b F f ) . j r  . i i i . j r s ,  r i i i i , i l , j t  j r )  c i r . 1 r . r . . . a r r 1 . 1 i (  r  i o
n € : l e o ( o l o q ) f d i  r e : - . e d r  L i 1  t n  s E v c r d l  p l d a A : .  j r  i : i .  U n i L e r l
( ' ( \ l . r r  l r n d ) e s . , f  f l f i ' r q  t ) 1 r d r  a r  . { , $ . :  r r (  i i i i : : .  i r . $ < , r { . r ,
I I E X R A L T  f d d a r  c r ' r t a i n t y  ! r l  t l  b e  a L t r  r \ ,  d . t r . . j  i i : r d : :  c r l d
t  t . :m - . : , r i r . , : .  ' "1  ;Jr . : r i_ i i  l i  i t : .

\eXRAD ra. i , rrs rrb.rur i_tU ur r .h; : ! r)  , r i i t  .b: .r , ide ccvc],1,1, '  . r f  d ldr. . lc perr ot  theC o n t i n e i t a l  U n l i e d  i , ! d t . j . i .  A  [ € r ,  a ] : l . E . r  N E X i t A l t  r . t r d r l s  w l  i l  l , e  r . { d r e o  . r t  U , s ,; n l i l r a . i l .  l ! ! 1 ! . i l I 3 t i D n :  a i x r  ! . , r q 1 0  t a . i ! 1 t r . { r :  r { , r a l d e , - h e  a ( , r r r i , e r . a }  l J n r t e d  s l d t e s ,

I 1 I J l r d  I . r l e l r  . r : )  f t l l y t A i r  p t r i . r : t y t  c  r i e i t  r i : i

TdEXRAD, ar  e i r : ,ed lor
i l ' ; t  es,  hct  i :  we pr(_ 'sent
r , r r la t .  ar , t l  : i | tq .  th3t  the
 j . r l  i - i  i  s" -  i , ia ju i  jh  in !  b l r i ls

N E X R I L ]  c n n  i i e i e l r t  r ) i r r l : .  : , , . t r  , i l  : ? r i i i ^ d t . t !  , t i : : 1 i r : ] ) ! . _  l ' , r f  i i . : i r . ) i i . e ,  a l i l . . , r t d t  i o n l i
t h c : r  t h : i i  a  r i n t l l c  i t e i r  i n { J  r ' r r , ) ,  , { 1 , ; , t  r -  \ . ! : , 1 ) t .  r !  . :  i . l i j r j  r 3 i q e t  r l  d  r j i s t a n c , _ r
D l  4 5 0  k r r .  r . t  t s  ! l i . r l  r i r i :  i / l r r . r  r .  r _  . , , t . , r  , ,  _ l , t i r ' . .  !  1 , , r ,  i l . o l l l d  c l r i t t e r  3 ' d
i h e  c u r v d l u r F  . l f  t i , e  . : . r t ; , .  d i , .  i r ,  -  r h . ^ , i t n i \ t  , . . . , ,  r i ) : r , r r l r , : L r l ,  i n  d e t e r ' m i n i n q
t i f j l x : l A D  i  r , r , r . r .  i : 1  C . r , e . t : f i . 1  i i i  . J : ,  , . +  i l )  : ,  , , i , .  .

l t ,



Echos of song bl tds duJ 1n, l  l t lqfat lo, l  Qt:rei ] ]  extend out to beYotl . l  100 km on HtlXRAt)

I n  F i g u r e  Z ,  v e l o c i I i c 5  o f  f t i q l a t i n q  b l r d s  a I e  v i s i b l e  . i o v e r  i n g  r u c h  c J f  t h e  N e d

Engtand region. lhp rndar at the senter of this image is td-_ated .r t  t l iLc

Hassachusetts Inst i tute ot Tect lnoloqy dnd al l  of  the radar echoes dP])eat in 'J ot l

t h e  l r a p  a r e  n t g r d t l n g  b l r d s .  t h e  r a d a r  n e a s u r e s  t h e  r a d i d l  v e l o c i t Y  o l  t h e  b i l d ,

a n d ,  b e c a u s e  t h e  b i . d s  a r e  f l y i n q  i n  n  s o u t h e r l y  d i t e c t i o n  i n  t h e  f d l t  l ' i r d $  o n

t h e  t o p  h a l f  o f  t h e  i n d g e  a t e  r e c e d i n q  a w d y  f r o m  i t -  T h e  s P e e d  o f  t h e s e  t a r g e t s .

whlch includes the speed of the tr ind, is about 13 meters pe! second.

Sonet lmes birds appear as coftplele sheets or) these Ni iXRAD inBqes (t ' igure l )  The

nlgrants in thls image taken fron the Air  Force Geophyslt--dl  Ldbotdtory dlso in

H a s s a c h u s e t t s ,  a p p e a r  I n  a l l  d l r a c t i . o n s .  B e c a u s e  t h e  4 0  e l e v a t l o n  o f  t h e  r a d a r
slanls up throu,Jh the dense layer of miqr at ing blrds, dnd he(duse the wind i t

e x h l b l t i n q  s h e a r  \ r i t h  a l t l t u d e ,  t h e  v e l o c i ! l e s  s h o ^ . t  t h a t  t h e  d i r e . t i o n s  o f  t h e

hlgher birals are cl i f ferent €rom the direct ions of the lower ones- Note tbe sindt l

c loud somewhat hlgher than t-he bird lnages, to the south$est The tar 'Je' .s 1t)

thls photograph \A'ere more than half  wdterfo{r l .  This is kno{tr t  f roi i r  winqbcdl

r e c o r d s  d n d  r , r 3 c k s  o f  i n d i v i d u a l  b l r d s  t a k e n  c o n c u r r e n t l y  e i t h  a  s f t a l l  t r a c k i n q

radar unit  operated by the r l l iDols Natural  History surveY dnd co locdted 'J i t t l

the NEXRAD PrototYpe rddar '

! , le no9, turn our st tent ion fror lhe qenerdl  appeatance ot el{esPtcdd bi fd hdz.r !ds

o n  N E x a A o  r d i l a r s  t o  t h e  p o l e n t i a l  m e t h o d s  o f  d i s t i n g ,  l s h i n E  s u c t r  b i r d  t a i g e t g

fro i  olher targets such as wedthe, .  Al though lnsects, movi l lq o.-ealr  ! {dve3, dr id

o t h e r  k i r r a l s  o f  ! a t q e t s  m u s t  d l s o  b / e  d l s c r i m i n d t e d  f r o n  b t . d 5 ,  J l s l i n ( ] u i : h l  q

preci ,pi tat lon, c louals,  and other weather echos is tnore imPoltant r-hdn dl tenPtin{r

to assess blrd hazards uslnq thase radars. As sho&rn in Fiqurer 4 dod 5'  ! ,edthe(

o f t e n  h a s  d i s t i n c t l ! / e  c h a r a c t e r l s t i c s  o n  r a d a r .  T h e s e  P o s t  c o l . l  t t o n r -  . l o t r d s  d r e

r a t h e r  u n i f o r m  P d t c h E s  o f  e c h o  e x t e n d l n q  t o  r d t h e r  h i t h  a l t i t u d e s .  ( ) f t e n  t h e i r

echos on ta. lar are rnuch stronge! t t )dn echos of blrds l recaus€ clour ls f i l l  huqc

r e g l o n s  \ " , l t h  \ t a t e r ,  i " t h e r e ; s  b l r d s  p a c k a g e  t h e i r  w a t e r  j n  f e a t h e r Y  b u l r d l e s '

c l o u d s  a t s o  m o ! . e  d l  t h e  s p e e d  o f  t h e  w i n d  a n d  P a y  I i t t  l e  n ! t e n l i o n  t o  t i m e  o t

d a y .  t o p o g r a p h y .  o r  t h e  d p p ( o p r t a t e  r n i g r a t o r y  d l r e c t i o n ,  u r l l i l e  b i r d s

In Flqures l i  ard i .  imaqcs of l  bird sh(f i  the opposite charerrter ist lcs;  they dre

lnhof ioqeneous {a characlet ist lc ne have bequn to cal l  st ipple ) .  tess intense ir)

their  echos, anal sonet ines fol lc*t lnq topogrdPhic features ot other ' rsPects of t l "F

u n a l e r l y l n l t  g e o q r i p h y .  B i r d s  3 l s o  f l y  w i t h  d  v e l o c l t Y  d i f t e r P n t  f r o m  t h a t  o f  t h e

background ' , lnd veloci . ly.

In thts al lscusslorr we bave been considering birds as tarqe!s i ind i 'cather d5
"nolse aqalnst \ , , rhich the bj  rd targets should be r€cognlzed H's"ver '  qe c '1rr

also look i t  thls frof l t  the opposite polnt of  v iel t .  Most co{ i l>uter Programs
runnlnq at NEXRAD rdalal  s l tes wl l l  be concelned ' , r i th the recognit ion of t ' 'eather

targets dnal wi i l  consldeI '  larqets other than {teather to be '"noise" In out

d n a l y s l s  o f  b i t d  t a r g e t s  o n  t h e s e  r a d d r s ,  w e  h a v e  c c t r c L u d e d  t h d t  m d n Y  ' i  r h r -

nethods for autL. lndt i .cal ly recognizlnq ' 'edther Ieat te5 or l  NEXRAD rdddr '  ' r i1 l

o f t e n  b e  t f o u b l e d  a n d  w l i !  s o n e t i m e s  r e P o r l  l n c o r r e ' t  r e s u l t s '  d L r e  t ' r  I r i c

tdrqets, In Figure I  ' , . ,e see an l ,ndg€ ldken t i th the reseitrc l i  rdddl '  cperdl ' : :o iY

i h e  r l l l n o j s  S t a t e  g d t e r  S u r v e v  a n d  t h e  t h i v e l s i l Y  o f :  C h j c d ' j o "  T h i s  l i n d ' l e  i : l

c q n p l e x ,  t s r i t h  d  m e : j o s c a l e  s t l r i c t L l r e  i n c l u d i n g  i r t e c l p ' 1 t ' l t i o r i  c ( - ' h ' r  l o  l h r

s o u t h e a s t  a n d  d  s r n a l l  f ! c n t d l  s Y s i e m  c { t e n d l ' l g  d i d < , o n d t t y  ' : r (  !  ' r 5  t h €  ' e r : l e '  '  l

t h e  d l s p l a Y  t . t d r d  t h e  i r o r  t h ' , e s t  T i e  r e g i o n  o f  j n l - ' I e : r t  i n  t h i s  i r a ' r '  i s  ' ) r 1  a
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:H:,."::;T"',[".':l:;,i:;,:,,,:::..:i:,:]ilr,,..,"in.,i.1,.,,, 
:|;,,,'.,,ii:.,.:;ir """ij,i..'"'i;,.':,"HJli,i,"l,i,T:;;i:,;;;lii:,h:tfi..ixl;",::l,d,,i,udes,

iiiiii$,,]I,: i,-i.-ti, : i:;.. ti;, - ij.:,:il, rnr :,r, :rr::, ;", r r.;il:
:jr;it,.i.j:1j,,''i;i,l',.,T.,#,"""Jt;r,r::,, llj:i";:;:.,1,;i,i,i::ll':iili:
IJI  Real T1f ie Recoqnl i : io.r  of  Btrds ,J| i  i {6xl tAl)

T h e  1 l  l i n o l s  a t u r a l  H i s t o r v  Ipror 'edu,es,  * , ' .0 " ,u, , , ' r ' ,n i l i * t , .1 ' : i i ; . ' ' i , ; , , ; i ; " ' " : . : ] , * r r i r r !  co '1pu1qr i , .4

;mil;]i:, "*i*::, I li:. ;i*, I 1"_;, q;lj: 
" 
:,i nj, j;: :: ",#r;ji t":,

n::ni*".lj"l*l;,""ii; :r 
"'j[l:l:' 

i',,'ff;.,'i'::',r-''r'"'"',n"'i' oi
t;; i;" r,r j:il" ;u r, ":^r :iif;; : *;i .l:: jlir:,r| ; j:i i iii., 

",:,"',ru', iff
r;;:t::; ;,;fl ";ili"#":i":f l' ::?" ll:;., l* i:" ;: 

-'; ::' ff ,-:j'l ; i;.l; ": iil:: :
:ji *: n" ".i.: l lii l, r":i*; tl :, i#..r.* l,l*y. #u I "] ";;i ";:ii :i
Output tr ,Jn the NttRAD co{nDuri .

ili:::":!";s,H:ir"#i* l:ti.;,+, t" J:r" lr;"r ;;iir*rii. jl.;r;
; f i:?i """ ;f tiij, i:ij::jjiil :r :, ;rj;,r., i,'j: r: T.",:..;.,s.;""::l" i; ;.j i:j:surundrLes 'u  pu, , i "  ' ; i "n" . : ; ' :1 :J , , : i : , " . f l | | . : l : i ' iF , ,  i , , ture wd n,n. ,s  r ,o ,n  s ' , .h
Iv.  Ring A qels on fr)ppler vei t tner tai ld, ,

;:.jl':"=,"""i,:i' ,J.tJ't;',,i:1."i,:;.::iitr; :;i ,t,,ij;:;,"",1-..",,",,,,r",;;:,ll;l;
;:fiifi: J;,.,:'i"'-';':1, "l;';,.1:'. e:',pndc.r pe,',",. u,,.,." l'*-
;i:,;"r:,.;:ll""1;"1 ,;,i{'.ilj,rlll,:. ;ill,:;":i:'J: ii;..":l;';":_, 

;;:ll,J

ii:;i, t'#" ;',.H i ll :t-il$ r j;i r*i :r # r}i::i, r"'# :'" r": :, :i;
Iili:* l t',x,,r ill ; ji :,,;,5; ;* :il"+ r,, r=; !il- *: 5r!I;l::::"'"'"';.;l ',,Xi',1 :lT"-""1'.^-," .", crear', =..,i" "*l

* : ; i ; :;j,,.' "" j nr B *d:, ", ",'"1 ;:,'',;' ",':j,ii::;:*11, 
;f "','.X jl:' i', {.il' ;



o n e  n o t l c e s  t h a t  t b € r e  d P P e a r  t o  b e  f € w e r  m o v l n g  t a r q e t s  t o  r h €  s o u t h  i n  t h l s
' ' b u l l  s  e y e "  p a t t e r n  t h d n  i n  L h e  r r o r t h  p a r t .  T h i s  i s  b e c d u s e  t b e  : t m d l l  c i t i e : r  o f
c h a m p 3 i q n  a n d  U r b i  r , r  h d v e  t a l I  t a i g e t s ,  n , r m e l Y  b u i l d i n g s ,  a n d  t h t )  d v e l d g e  : r p e e d
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Figure l �  NEXRAD (Nexr Cenerat lon Weather Radar) 1ogo.
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