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rr;.rc and Bj.rd Radar Surveif lance without Tearsi

I . l n t r o d u c  t  i o n

It  is probably a t inefy mome.rt t o  c o n s i d e r  t h e  l i n i  t a t i o n s

l ts ing coavent ional ATC radars

and di . icuss ldays of ovorcoming

I ' r c r e  i r  r . o  C o u 5 t  t h a r  t o , - ' , r - i c l  a l j  i n c  d u r i n g  S p r i n g  a n d

Autunxr l r l igrai : ion and dl l r ing periods of i r l tense local birC act iv i ty

i5 f l l ie ly to reduce the l r i rdst i . i l {e r- l tc i r  ] I ]y country.  But a1-

though these pef iods of bird i rovenent ar.e fair ]y r . ie l l  Cef ined fac-

tors l ike thc rr 'eather can stop or changc thci .  t i r i ing. By heeping

a trratch on the eb'o and f low of birC movencnts I1l i th radar and visu-

a f  r : r e a n s ,  t h e  a p p l i c a t i o n  o f  f l y i n g  r ! s t r i c t i o n !  c a n  b e  p r o p e r l y

p h a s e d  a n d  t h e i r  d u r a t i o n  n i n i n 1 i z e d .  I f  t h e r c  i c  a  s t r o n g  c o r r e -

l a t i o n  b e t w e e r 1  t h e  i l ] t e n s i t y  o f  I P I  c c h o e s  r e p r e s e n t i n g  b i r d s ,  t h e

b i r d s t r i k e  r a t e ,  a n d  t h e  b i r d  m a s s  i n  $ t r i k e  ( i . e ,  o i t h c r  l a r g e

and heaqr birCs or spat ial ly dense f loci is) ,  there is a]. I fays a

strong l i } ie l ihood that each echo wi l l  represent a bird or f lock

that could produce a damaging birdstr i t :e.  Under cuch condit ions i t

i : ;  possjble tror a PPI echo intensj. ty lcvel  to tre found above ! 'h ich

t h e  p r o b a b i l i t y  o f  b i r . d s t r i k e  b e c o m c s  v e r y  h i S h  a n d  f i y i n s  r e s . i t i c -

t i o n s  b e c o m e  n e c e s s a r y r  I t  i s  c o n v e n l e n t  t o  j u d g e  t h c  i n t e n s r t y

I e v e l  o f  b l r C  e c h o e s  i n  t h e  c a s e  j u s t  m e n t i o n e d  b y  m a t ( i n g  u c e  o f

sirrple PPT-photogra?hic nothods and frorn data obtain.rd on convent i-

onal l , .TC radars.

Already bird warning mossages based on suct!  radar inl lornat ion

are beinet issued as NOT,[]4S t ,etween l luropean countr ies

we proposatrs are underr.ralr  with ICAO for r laking use of

,4TC radars and simpto asseGsmetl t  net i todE for gauging

convent ional

t h e  b i r d s t r i k e

inposed on bird wai.ning schemes by

and simplc PPI assescment methods

s o t l l e  o f  t h e s a  l i n i t a t i o n s .

Onc of the f , i rst  f in i tat ions of usins convent ionatr ATC radars
rclates i :o the echo on the PPI and the bird, or runber of birds, the
ocl lo r .pres.Trts in the s1iy.  ?here is no direct method of ratat ing

ibo size of an echo on the PPI vi th the size of a bird, or the nur:r-
b e r  o i  b i r d s ,  i n  t h e  r a d ^ r  b e a n .  T : l e  s m a l l a s i _  o b j e c t  t h a t  c a n  b c
rcsoiv{rd by a radar is a volunc in space ca11cC the radar pufse vo-
l tn.  or i :he radar resolut iot l  cel tr ,  vhich is proaoraional to radar

r a n g e ,  t r a n e m i t t e d  p u l s e  l e n g t h ,  a n d  t h c  v c r t i c a t r  a n d  h o r i E o n t a l
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beamwidths of the aori-al .  The di i rcnsions of thc resolut ion cel l

of  a convcnt iona] ATC radar caf l  b.-  \ .er.y large indeed; a typical

volulnr 5oo metres high by 3oo nctres k ' idc and 4oo metres long =

72 ni l . l ion cubic mctres at a rada: range of 20 naut ical  mi lcs.

Suc}�  a rcaolut ion cel f  coutrd contain r inny birds spacad out or bun-

chcd ir1 f locks, but ur l l -ess thcir  spat. ial  distr ibut ion 3xcecds the

h o r i z o n t o l  d i m e n s l o n  o r  t h c  p u l s c  l c n g t h  d i n e n s i o n  o f  t h E  c . l l  t h c y

t [ : ! l  a t p e ; 1 r  a s  a  s i n G l . ]  c c h o  * i t h  n o t h i n g  t o  d i s t i n g u i s h  i f  t h e

c c I 1  i s  o c c u p i a d  t y  5  1 f i l d  d u c l : ,  5 0  g . , f l s  o r  5 o o  s t a r l i n g s .  T h e

s i z e  o f  i h e  r a d a r  r r s o l u t i o n  c e I l  a n d  t h a t  o f  t h .  P p I  c c h o  a r c  i : r

fact dcpand3nt upor]  rad:r  paranct.rs i . lnd indepcndent of t . r [ j . t  . i -

z c .  O n l y ' " r h o n  t h c  d i m e n s l o n s  o f  t h c  ! : a r s c t  . x c e o d  t h c  d i m e n s i o a s

of thc ccl l  is the evcnt rcvealcd t ly a corrcsponding overlap of the

P p f  e c h o  d i m 3 n s i o n s .  T h c n  t h .  . c h o  i . i  d c p c n d . n t  u p o i  t : r g r t  s j . z e

o r  s p a t i a f  d i s  t r i b u t i o n .

A  s a c o n d  l i r n i t a t i o n  r c l a t c s  t o  t h -  P P I  i n t c n s i t y  a s s c s c r i i n t

l i lcthod and i5 the congequcncc of th. . �  sn: l t  r :ng. of  intensi ty rat i -

os ( from the thrcshold of,  a barcly discernablo . 'cho in rocciv.r

n o i s e  t o  a  l i n i t i n g  o c h o  p a i n t i r r g , b r i g h t l y  o n  t h .  P P I  s c r c c n )  t h a t

c.rn bc accornmodated on the t ] 'p ical  PPI.  For examplc, i f  . i  rad:rr

r c s o l u t i o n  c c l l ,  c o n t a i n e d  1 0  g u l l s  a n d  t h c  e c h o  o n  t h c  P P I  h a C

rcached the l tni t ing lcvel i t  r .ould paint up the sanc echo intonsi-

t y  a s  1 1  o r  1 o o  g u 1 1 s  o c c u p y i n g  a  5 i m i l o r  c F l I  a t  t h .  s . n e  r a n s o

and : lovj .ns in tha sane direct ior.  Pro'of ins with th.  PPI i - t --n!11./

r :ethod do not stoD 1{ i th tho I i t :1 i tat ions alrcady rnent j .oncd. Faulty

satt ing-up of i rhe PPI using sul tr jcct ivc ncthods, thJ di f fercni-  re-

auir .r :ents of the hulnan eye anC thc photosralrhic f i ln .nd i r . rcorrect

photography and photograpl- i ic proccssing, can rcducc th.  rccorded

r d  r  d . i . c i i o n  r a n g .  r n d  r h .  . c h o  i n t . n s i r y .  l r  i J :  q u i t . . n s y  t o

r.duce the rangc covcragc by l : :ore than 40% and tha int .nsi ty rat ing

fror, l  7 to J i l1 this way. Th. use of '  ground clutter rcnovaf techni-

a u . s l  l i l d c  U T i ,  i n t r o d u c . j  j u s t  . - n o t h e r  v a r i . . b l c  i n  t h e  a s s e s s m e n t

of .cho intensity na| ing i t  nore and rnorc u]1l i l �o ly thnt quant i tat i -

r .c ar i  r_apeatablc meesur€r; .nts cazr b. obtainad.

4 third l in i tat ion r . Iai :€s to thc lact{  of  angular discr imina-

i i 0 4 . i n ' \ (  1 , r i i c , t l  l I � n  ' - i i h  i h -  r o n s . q u ! 3 c L  t ! - r : t  i t  L c  i r . , ' , o s s i b -

trc i :o s:ry l fh. thcr the!_c . i . i .c 5 or 50 rr i rdir  stacked one abovL- the

o i l r .  r  i r :  r h .  r .  s o l , . t i o n  c .  1 1 .  n t .  L . . c t :  o t  h .  i A h t f i n d i n :  p r c c : u d . . c

t ]1.-  possi ibi l i ty of  judging whcthcr a bird novenelt t  is on a conf l ict

sourco l . r i th an aircraft ,

L.



l .  fourth Gl lortcoi , ing experierrccd by thc convent ional r i11c radar

'when used for survci l lance of bird r :ovcn.nts can bo that thc rans.

c o v . r  i s  i n a d e q u a t e  o n  b i r C . r ,  b c c ^ L s , -  t h c  r : r d z L r  p . - . r l E . t c r s  r r 3 r .  5 e -

l e c t e d  l o r  a n d  o p t i m i c e d  o r  f , ; s t c r  1 n d  h i s h c r  f l y i F g  o i r c r a f i : .  I l

a d d i t i o n ,  a  r a d a r  s e t i s f a c t o r i l y  : : i t c d  f o r  r r r  t r i f f l c  c c n i i r o l  : r a y

h a v e  s e r i o u s  ' r h o l e s r t  i n  t h e  v - r t l c a l l  c o v c r _ g i  d i . g r a r r  o r  ' r c D i - o ' f r l

i - . c t o r c  i n  l h (  h o r i z o n t c l  c o v L . ! . f r  C i f , g r _ , :  ^ t  - L ^  . 1 ,  j  t ' r d  :  _ - ( i n r

i t  i m p o s s i b l e  t o  d € r t c c t  t r o w  f l y i n g  b i r d s "

A f i f th l in i tat ion to the use of any l iTC radar is rh. ! t  d: : l r  ic

day ATC radar l rork takcs precedence over birc l l loverncst su?v. i l ia l1ce'

o f  ' / h i c h  i t  t e k c s  l i t t l c  n c c o u n t .  C o n s . q u e n t l y ,  l r l r d  s u r v . i l l . n c .

r '  c o r d L  : : - .  o " f  l . n  r p o j l .  d  b y  c h  r g . : ,  i n  I r l : r '  i . r L j . n c  c o : r d i  t i o n :

r .raCc durlng rout inc ATC opcrat ions.

T h e  w a y  r o u n d  a l l  t h .  r a d : r r  l i n i t i ' t i o n s  i i  t ] � .  i i r s t  P l a c c  t s

t i v c  : i r i l o s o p h y .  A i r  . . - f  . t y  a n c l  A T C  a r ! :  c l o s e l y  r e t r . t r d  s u l r j c c t !

a n c i  i f  r a d r , r  s u r v o i l l 3 n c a  o t  b i : c l  : l o v . n c n t s  i s  n c c e s c - r y  f o r  . i r

safcty i t  nust bc dealt  r- i t l r  f ro:r  r . i th in the tranc' , tor] i  of  . i r  i raf-

f ic cootrof.  Thcr.  is no doubt th. l i :  i - : i :  o:C.rs tor f  i : r ( ' , -  5c rr- i ] l f  ^n

an aerodrone et. la ate fro:1 thc ATC tolrcr anC i t  is f roln th.rc thi- '

c o n r ? - o I  o f  r a L .  r  f o r  l , i r d  . ' r r ' v .  i : l : r  (  ' r s r  b ,  : u p  r v i -  , ' ,  v . r  d d -

r i n g  t h e  e x p e r i i i r , r n t . ? 1  p h a s . .  T i . .  l r o b l r r r :  D f  p r  c r d r n c c  . l i s a l r p e a r

oncc thc 1lTC aut i1or j . t ics arc r .s l ,onci51. for rr-r l : inf  r .c inr sur.vei l lan-

ce of birC r lov\) i r :ents.  f  think w. shoulci  congrat i l l . te our Frcnch

col1.al l les for thcir  1 ' l isdom in e. lopt ins thi$ rhi losop\7 frorr  thc

fn the rel l l r indcr ot rry . ' ' .pcr I  .  = goin: to 3hoi.  hor, .  di i f icul t

i t  i s  t o  o b t a i n  1 l 1 y  q u a n t i t a t i v e  r i c a s u r e n . n t  o f  e c h o  1 r 1 c n 3 i t y

wh.rn MTf is us.d, : rrd th! i ' , ,  I  she:!- l  cLelnor ' .s t  ! : .  - t .  .  quan+itat iv.r  r . re-

t h o d  o f  n o a s u r i n g  o c h o  i n t - n s i f t ' .  ! ] . -  i . t l r o c i  u t r l i z - : s  r  . d d i t i o -

h - t  r .  . . , i w  r .  r r h i . L  4  i  r  " -  .  s . , 4  f o r

rolr t in.  -r .TC operat ions, cLablcs bot l1 i , -TC nnd i l i rC i l : .c] . r  Sut 'vai}1ar1-

ce to ba niada t ! ' i thout nutual interfcr.nc.r  and conf l ict .  Thc spccial

i h r .  h . . i + r  " .  - < " r i r .  r - -  i \ / , ,  r  - - - . 1  .  r r ' - i . h

c 1 n  \ " .  C  c o d .  d  b y  r r .  i n r  o !  . l r U i i  r l  c o r . , t u l  . ,  l : r .  i n ,  n s i l y  d . i . r

c a n  b e  r e f e r r c d  t o  a  c a l i b r : : r t : c l  B - p o 1 n t  c c 1 1 .  : 1 n d  r r r 1 1 h d d  o u t  i r

thc forn of a bird intansity clr  r+. Th. IPl-p5otocr.- .phis t ] l . : thod

i s  r  I  : i n L d  i o r  + l - .  q u ,  l r t  i  i \ . .  r '  c o r l i i : 1 r  o t  ] , j . r , r  . r o v  r : J n t  ,  o n t y

and conscquei:Lly th.  ef fcct of  lost f i ln l r i lL bc r .ruch 1.ss sr! ' ior1s,



2 . } iTI  Effec t  s

Moving tarset indicat ion (MTI) i5 a 'nct l tod otr  . l l r r in i l t in l ;  r- !n-

wanted f ixed target achoes generatcd by hi1Is,  bui ldinss a:-rd porr.r

I incs without gctt ing r id of ' , rarr ted target cchoes f  ktr  airc.r : : f t .

M T I  s y s t e r n s  f i t t e d  t o  A T C  r a d a r s  1 r c  d i s i s n e d  t o  r e t ^ i n  a i r c r r f t

noving at speeds above a hundred knots but not rc lat ivcl : '  !1o!-  no-

ving targcts l ike birds. l {overtheless'  3l thous tr ! t1 '  } ' rTI systcr '3

c l i r x i n a t e  b i r d s  e n t i r e l y  f r o n  t h c  P P I  t h e y  a l f . . f i e c t  t h c  i n t c n s i -

ty of,  bird echoes in an advcrso way t l lat  nakes r.opoat. \blr  qrr ' rnf  i t - --

t i v .  n e a s u r c n e n t s  d i f f i c u f t  o r  i m p o s s i b f e .  T h c  i ] 1 t e l s i t y  o f  : l

b i r d  c c h o  i s  a l f e c t o d  b y  t h e  b i r d r s  r a d i : . l  v c l o c i t y .  T h i s  i s  : r

1 . . c t o r  q u a n t i t y  h a v i n g . r  r i a g n i t u C e  c : q u a 1  ' t o  t h c  b i r C ' s  s p c a C : d 1 d  a

ciz ' .ct ion - , . rhich is ra.di"11 ' r , r i th reipect to thc red.r.  The d.srce

th.t  t l - l i  lcho int  ni i t l .  is af fccted by thcse t l to coinponcnts d.pencs

u p o n  t h e  p a r a i r e t e r s  o f  t h e  r i d e r ,  r i r p c c i : : 1 l y  t h e  r a d a r  a r a v : l e n g t h .

Fig. 1 shor,rs thc M'I I  rcspons: cingrans lor lot23 and 5() cr. l

- r . .welrngth radars. Th3 v.f t icatr  sc::1+ of i -ho diagr:ur is of  th.

rel . t ivr :  echo r.sponse ot th.r  raCi i l r  r t i th ar1d ui thout MTI.  Thc

horizo] l tal  scaf.  of  th.  diagran is in te: 'ns of raCi i) i  vcloci ty of

thc t3rgr i  in knots. Tarsets ovirs on e r . .daal coursc suffer thc

c h ; n s . 5  i n . c h o  - r r  n s i : r  o r  : r t  ' t i ! ) ' . : ) o : _ i  o n  r l . .  c i :  ' v  r .  l . ' 1  t ' r '

radar is s{ i tch.d on to ts;T1. Of cor ' . rs. ,  whcn the }4Tf is not oPcr3-

ting tl.!e echo intensity do.: not chansc withjqiisgl-Jgkglillr Note

thr. t  t l r .  BTf rcspons. . .nc thc ccho intrnsi ty . .8.  7r.L0 'hon thu

t a r g . : t  v e l o c i t y  i s  z e r o  a n d  c n h o  i n t c n s i t y  i n c r ! ' e - ^ . s  ? . s  t a r g o t

vefoci ty is incrcascd. Thc 10'21 .1nd 5lr  cr i  radar cur l 'es So t l -rroush

z e r o  a $ p l i t u d e  ( c o r r e s p o n d i n s :  t c  n o  l o s s  i n  s i g n a l )  1 t  r a d i . : l  v c l o -

c i t i e c  o a  . p p r o x i n a t c l y  f o , t 5  a n d  5 ( ]  l r n o t s  r ' r - ' s p . c t i v . r l y .  T h c  r e -

s p o n s e  a n d  e c h o  i n t e n s i t y  s u f : t c r s  a  s e v e r .  r . d u c t j . o n  o f  1 / 3  ( e q u i -

v a l e n t  t o  -  l o d g )  o r  n o r e ,  I f h e n  t a r s . t  t c l o c i t i . s  . . c  l . s :  t h a n  5 r

12 :nd 25 l i rot '  for r t rdir i  cpcrat i : l ,S r '1- 1t .1v.r-1 L' t ' -St\ ! r  of  l -o '  2,1 and

; o  c : :  r . s p  c r j s i t y .  T l : .  c u r ' \  ' .  d - r r o n . t r  t .  t l :  l  c h o  i n l .  n . i t y  i -

r  l : + J d  t o  r r r J . t  r ^ ' d i  : )  v ( l o c - i i y  i n  c o r . r r r j c  : t . , 1  r J r !  j r " r  t h : t  l h '

Ioss ia . .cho intcnsi t l '  wi l l  b.  : :ei . iou. or '"  ^ 50 cn rad..r  for birc ls

' t r l  L n i  , i  r .  d i  I  ! , I o c i l i .  ^  o f  r .  ,  t 5  r n  ' 5  ' :  o l r .

Far thc Sr. tr t . r  nunb€)r of  birCc in rny bi ! 'd novcr jel l { -  f1y iJast

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

b i r d s  f l y  o v . r  t h .  r a d a r  o n  z ' a d i a ] '  c o u r s c s .  1 f .  t a r s c t  l l f i o s  o n

- .  t . n s . . r f i i ' i l  p c r  d i a g r . ) : 1  i i g .  2 '  a t  a l - : y  p o i n t , r -  o r  3

-._ -



the raCial component of velocity lr i th r.spect to t l-rc radar is vt
sin . Thc radial wo1ocity corrponcnt gercratcd by a t rrsct f fy-
ing tangontial ly r"/ i th respcct to the radar is elways lcss ttran :ts-
t ^ngen t ia l  ve loc i t y  by  the  fac to r  s in ' r Ih ich is zero wh.n anglc

ie zero desrees, ani  vhictr1 i t ,Lcreas.s 1r ' i th increasing . /alu.s of

angf!  r  unt i l  s in tends tovard unity as aiglc tends towarCs

90 derecs. Oncc the radiatr  vcloci ty coi : iponent for a tangcnt ial

t a r ' : : l  h R s  b ! , n  r .  s o t r v . C  b y  r p p l y j r s  i h .  s i n f a c t o r  i t  i s  p o s -

sibl t j  to -^valu.1t.  changes of ocho intcnsi ty froq t l : , .  curvcs Ehowr:r

i n  F i E .  L  t , \ 1 x . r a t ! y ,  r .  . i n ,  t h 1 t  t h .  r l n s . n i i . r  I  : r . S r +  r r u j t  j ' l y

f a s t c r  i r y  t h e  f a c t o r -  ( s i n  ) - 1  t c  o b t e i n  t h e  s a n c  c c h o . i . r . , n s i t v

a s  i : h 3  r a d i a l  t a r g c t ,

T h .  o f f c c t  o n  t h c  P P I  C ; s p t  l '  o f  t h i s  l l T T  " c o u r s c '  f , a c t o r  o n

..  large mov.rncnt of birds f ly ing o,-1 par.al . t r : t  t .4ckj !  to onc another

a n d  o v e r  i : h e  r a d a r  i s  i l l u s t r a t c d  i n  ! r i g .  2 .  I n  e i t h e r  s i d c  o f  t h e

dir-ect ion of novcmant thcrc is r  ' , l . lTI  rrccr-gei l rhefe th.r  .cho inten-

si t ics ar.  zoro for birds f fy ing tan$ent ial fy on.t  broads: ide-or1 to

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

t , i rds f ly ins on a raCial  coursc. The lredg. is proport jon.!1 i_o arrg-

lc and i t  can be vtrx.y wiCe for strorr  I1loving birds !rh3n a jo cn ra-

dar is uscC, Ttr le wedgc angi.  1s tre6s i f  faste. birds 3ra i rr ' rol1 ' , j r l
of  i f ,  they arc ! ] idod by a te- iL rr ind. I  j rh.  Uia i t  1s ! : r lusir . : .  !o
get 3 ! .c l f  def ined wadgc as shoL-n, bocouse t : lc birds in

t1over: lent scfConr trawel at the samc awera$c epccd anC on

h\:adins, unless th--re is t  hish tai . t  1", ind.

1t h^s bcen suggcsted tb.1t var iat ior- ls in ccho intensity Irro-
t luc.d by l4TI opcrat ion c. .n 

'b.  
cal j . t r : .atcd out try sui tchins th.  Lt I

of f  ' , tben ratching a bird mowr- .nt  nnd th..n rca.:-r . ins thc 8-point

i n t e n s i i : y  s c a l e  o b t a i n c C  l ' J i t h  f / , T I  ' , o n "  1 j o  t h i s  r r c o r d i n s .

Ap."r t  l l roir  scvorc prsct ical  di f f icul t iasr in nal ing thls comparrson

thc rcsults I ' i1. ]-  b.  inval id on t .chnical  Srorrnds. ! , I i thout l4TI thc

r:rcar and i  i r  -c proc!rsinla . . r .  rocorr i j .ng .cbo ir1tcnsi t-v which is
proport ional to tars. t  echoing area, b..r t  rr i th I4TI tha rad. lr  is rc-
cordins ini :cnsi ty r ihich is i r roport ional to :choing ara and elso to
the r1dia1 \ ' . loci ty ccLlror! .nt  of  1.hi :  t i l1r-gct.  Dxc.ot in specia,f  ca-
scs i t  l , r i l l  ] ro Cif f icul l -  to o'ot :r i r .  sutf ic i . .nt  infor l rat ion o]1 th.
r :1Ciel  vcloci t l '  cor:r j ronents of I  targc sc.tc $ov.Lrcnt to coff .ct  thc
t ' c . . l i b r o t i o n ' r  .



3. Bird Survei l lance and ATC Cp:i lg l ib i l i l l

A comn,on problem that occurs ldren a tadar is employed for

watching bird dovenents is that a ] �ot  oi  data is lost due to radar

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

c e  o f  u  q a n t e d  I ' w e a t h e r r r  e c h o e s ,  c r  b e c a u s e  t h e  r a d a r  p a r a r , r e t e i : :

have been changed during rout ine ' -TC orrci . r t io:rs,  A C.1-! . :Ci3"T 1' . r

relates that i f t  a 239 day operat ion i^ L964-65 nearly 3o,0{ oi  the

horning f i lEis and 29% of the evening f i lms t tere lost duo to radar

sett ings, radar maintenance or unknorrn causes (1).  The sane tean

spent 896 hours on night operat ions in 1969 ard 26% of the f i ln was

l o s t  b e c a u s e  o f  r a d a r  s e t t i n g  f a u l t s ,  c a m e r a  f a u l t s '  r a d a r  m a i t t e -

nance and ulrknown causes and f4% of tha f i ln rras unassessable! be-

c a u s e  o f  I ' w e a t h e r r t  c l u t t e r  o r  t h e  o p e r a t o r  u s e d  s p e c i a l  t c c h n i q u e s

t o  e l i i m i n a t e  u n d e s i r e d  e c h o e s ,  i n c l u d i n s  b i r d s  ( 2 ) .

The Canadian experience is not unique r i t  is coEmonly shared

by many vrorkers using a radar on a part- t iFe basist  r^.herr the ra-

d a r ' s  p r i m e  p u r p o s e  i s  f o r  A T C  o r  d e f e n c e .  T h e  w i s e  s o l u t i o n  t o

t h i s  p r o b l e m  i s  t o  g e t  r l d  o f  t h e  p a r t - t i m e  a t  o s p h e r c  b y  i n t e g r a -

t ing the radar survei l lance of bird movements into the general  ATc

survei l lance plan and at the sa e t ine to make ir : rprovements to the

radar and the intensity recording systen.

I  havc indicated th:t  parameters in the Ppl-photogr3phy/photo-

graphic processins chain are extrer i le ly di f f icuft  to control  and op-

t i n i z e ,  a n d  t h a t  i n t e r p r e t a t i n g  t h e  P P I  i n t e n s i t y  s c a l e  i s  f a r  t o o

arbi trary a task for ser ious operat ional use in a si tuat ion rehere

the work load of the air  t raf f ic control  staff ,  even with computcr

a s s i s t a n c e ,  i s  s o a r i n g .

The PPl-photographic method with i ts PPI sett ingr photographic

processing and camera faul ts,  and the radar parameter changes impo-

sed by ATC operat ions can bc circurnnawigated by using .r  scparate

rec eiver-recording chain that can be feC out on to a na€:net ic tape

r e c o r d e r ,  T h e  r e c e i v e r  r e c o r d i n g  s y s t e n  c a n  b e  f j . t t e d  i n  p a r a l l e l

with the exist ing receiver-PPl cbain to almost any t)?e of ATC ra-

dar.  I t  is a system that enables the redar to be used for both ATC

and bird movement purposes at the sane t ime i thout onc i r1terfer ing

with the other.

L._



T : . -  l l r ' ' d  - c h o  
I n t e n s i t v  M e . a '  r i n .  c F . F i w . r

T h e  e x i i t r n $  r a . d a r  r e c e i w a r  P P i  c h n i n  i s  u s e d  f o r  q u a l i t a t i -

va_ inao.mation on thc broad scaie lxovancnt of birds and the where-

: lbouts o: elut ter,  An ' rddl t ional receiver charrnel is u-

seC fcr tac Sy3:! ! lg! : Ig,  measl l re.11e1r.  oi l  b ird ccho intensity.  The

b i r d  i t t e ! s i t y  m e a s u r i n g  r e c e i v e r  c a r 1  b e  f i t t e d  w i t h  a  d i r e c t  c a l i -

b r a t i c a  f . r c i i i t y  t o  s e t - u p  t h e  8 - p o i n t  i n t e n s i t y  s c a l e .  T h e  l n e a s u -

rr . l1g s:-sicn can neasure a rrng€. of intcnsi t ies of up to 9odB in

torr: is of  . r :1 accurately speci i :ed 1ar, ' ,  i { t }e: .cas thc PPl-photographic

t i rethocl is co:1f in, trd to 3 range of lo-2odB and ara i l l -dcf ined law

sultr jcct  to sei : t ing and processing changes.

A block di .gr.am of an ATC rader f i t ted l r ' i th a non-MTI receiver

chanrrel  and a I . {TI receiver cl1annct is shor"n in Fig. 3.  The bird

echo intei ls i ty measr.rr ing reccivor the third channef on . .he extreme

teft .  In many cases i t  "r i . I I  bc sat isfaciory to takc the output of

the headanptr i f ier as shokn from the by-pass point,  but i f  a nicro-
' tavo al : ]pl i f ier is avai lablc i t  nay l t re advisable to by-pass from the

3 l n p ] i f i e r s  o u t p u t  p o r t .  T h o  i n t e n s i t y  r e c e i v e r  c o D s i s t s  o f  a n  I F

t,andpass tr i1tcr for def ining the recei-rar bandwidth, r  loglr i thx' ic

recciwer of t rue 1aw and 9odB input, /output ral lsc,  a rneans of r ig: . ! -

t ingrr bird echoes in ranse e-nd bearing, a sample and hold circui t

for '  prolongin€! the short  durat ion of tho recei l ,ed echo pulsc and a

low-pass f i t r ter to remove unwanted parts of thc rcceivcr spectrurn.

The intensi i -y d:1ta fron the receivcr is fed onto a magnetic tape

r e c o i ' d e r t  B e s i d e s  r e c o r d i n g  i n t e n s i t y  i t  i s  n e c e s s a r y  t o  r c c o r d

r a n g o  a n d  b e a r i n g  ' r g a t e ' r  d a t a .  T h c  b o x  n : a r k e C  l s t a t e  o f  r a d a r  i n -
dicatorr '  perni ts the recording of . rC(t i i ionaX datn, such as ,rhether

l ine3.r '  or c ircular polar isat ion j .s being used, and i t  cuts out the
uncertainty of r . rr i t t  en racords,

T h e  g a n o r a l  p r i n c i p l o s  u s e d  i n  t h e  i n t e n s i t y  m c a s u r i n g  r e c e i -
rrer systen have becn usad to noasurc ground clutter cchoes at Lon,

d o n  A : r p o r t  u s i n g  o n c  o t  t h e  a i r p o r t t s  A ? C  r a d a r s  ( l ) ,  3 n d  t h e y  h a -
v e  b c e i r  u s e d  e l s c r r h . r r e  t o  n e a s u r c  b i r d  . c h o e s .  T h e  o p e r a t i o n  o f

the receirrer can bc exptrained by neans of Fig. 4.  t r  r . -nge and bea_
ring rrsatci '  i r ld icated et I t  is taid onto the bird l l lovement sho tx on
the PPl,  Thc ' rgatct  is br igt1tenc. i  up to sho,.r  i ts posi t ion, but the
r r g a t e i '  r 4 f k 3 r  d o c s  n o t  n . c d  t o  b e  r c t . i n € d  o n  t h e  p p l  c x c e p t  f o r
putt ing-on purnoses. The bird r : lovencnt,  , . - .eading north in thj .s caser
n1oves cont ir ' . � ' .ou61y throul ih the ' rqate' , !  The intensit ies of the



e c h o c s  D a s s i n g  t h r o u g h  I ' g : r t e ' r  a r e  r e c o r d e d  a t  t h a i r  c o r r c c t  b e a -

r ings showri  on the r igl t t -hand di . : . f  al | rs.  echo ini :ensirr€s 1fo .e-

c o r d e d  e a c h  t l q i e  t h a  : r e r i a l  s c . . . n s  t h r o u g h  t h e  i , g a t e t r  p o s i t i o n .  A s

t i : le passes thc intensity E:t tern c-n: lng.s :rs s}towl by the pattorns

t a k e n  e v e r y  h : r l f  h o u r .  I t  i s  p o s j r i t , l e  t c  l e 1 1 r .  t h e  ' r g . - t c ' ,  p o s i t i o n

f i x e d  o n c e  i t  h a s  l t r e e n  p o s i t i o n e d  o n  t h e r t c e n t r e  o f  g r a v i t y , i  o { :  t h e
r i . i n  b i r d  n o v e m e n t .  T h e  r ' g a t c |  i s  p o s i t i c n e d  c l e ^ r  o f  g r o u n r t  r - n f
w c a t h e r  c l u t t e r  i n  o r d c r  t o  a , / o i d  c o l l c c t i n g  u n w a n t o d  d a t a .

T h e  i n t e n s i t y  a n d  p o s i t i o n  C e t a  i s  e n c o d e C  o r t o  a  m a g n c r a c  r a -
pe, which c.n bc docoded, when anct a:r  r-6{:urrcd I  usj-ng a comput3r
progranned to pr int-out the bird ocho intol ls i t l r  chnrt  shor 'r  in l ig.

5 ,  E c h o  i n t e n s i t i e s ,  b c a r i n g  a n g l e s  a n d  t i n c s  c o r r . e s D o n C  t o  t h .

d.ta in FiS. 4,  The changes of intensi ty tat{en froxl  a nocturnal

m i g r a t o r y  b i r d  m o v c n e n t  o v e r  t h c  b e a r i n g  s c c t o r  2 , 5 , j .  t a  j Z , j  d e _
grces arc shc' i rn in thc map of Fig. 6 at equal Jo minuta intervals.
l n t e n s i t y  l c v e l s  a b o v e  - 3 1 d 8  o f  r a d a r  c r o s s  s e c t i o n  o f  I  s q  , n e t r e
have been outt inad. Such a Cecision c3n be prograMred into the
cor4putcr and pr inted out,  : :nd in . '  s i | l l i lar  way so can.r lvarning
l e v e I .

The intcnsi ty r :reasuring receivcr is cal ibrated by fc!dina :r
microwave signr lr  control led by an attcnuator,  jnto thr:  mlcrowavc
l n 1 x e r .  T h i s  a d j u s t a b l e  s i - g n . 1 f  ,  r e f . r e n c e d  t o  a  c a l i b r a t e d  n o i s e
t u b e ,  i s  u s e d  t o  c a l i b r e . t e  t h e  r e c o i v e r .  T h e  r a d a r  a n C  r o c e i v c r
chamel can bc ca. l ibrated in absolutc tcnis by f . ly ing a (bet loon_

borne) knorrn met2l  sphere. The intcnsi ty 1ove1s can thon be refcr-
r . e d  t o  1 - h i s  o c h o i n g  c r o s s - s € c t i o n  o r  t o  a n  a r b i t r . r y  B - p o i n t  s c . r t r e
refcrence to the noise tube. Unt ikc thc pp1 -photographic intcnsi ty
n i r t h o d  i t  i s  e a s y  t o  c a l i b r a t e  t h i s  r e c e i v c r  t o  s p c c i f i a . t  l e v e t s
a n d  r e p e . r t  t h e  c a l i b r a t i o n  y e e r  a f t e r  y . a r .

de bofore each operat iot i  and recorde{:1.

R e f c r e n c e s ;

Thr c:r l ibrataon is lne-

1 )  B l o k p o o t ,  H . I ' A  F u r t h c r  l l t t o n p t  t o  F o r o c a s t
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