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Posgdbility to use precision approach radars for bird strikes
prevention.
V.E.Jacoby, USSR
Abstract
The series of factors prevents the radar controller from safe
and fast independed detection and identification of birds flying
on & plane’g way. These are: the sectors survey 15° salong gide th
runway from its middle; the limited action radius on birdg; indi-
cator’s logarithmic scale; the direcr controller s duty to follow
a plane but not to observe birds; the time limit to detect and to
identify birds flying to cross plane s way; the impossibility to
detect birds on the runway. The further from a& radar the more
time has a controller for: 1.the identification end detection of -
& bird flying towards plane s course. 2.the determination of
birds danger for a plane. 3.the transmission of a warning to the

pilot and the time to carry out the eluding mencevre by plane g

:ﬁ pilot. But the further from a radar the more difficult is to dew-

tect and to identify safe and guickly the single flying birds.It

 ig safer and faster to detect operatively,the birds and their

danger for a plane if : I.Migration proceeds by flocks 2.the regu
larities of migration are studied and 1t ig possible to predict
place,time and the altitude of birds flight. 3. to use computer

;[ for birds identification and for the definition and their corre-

lation with that of a plane. Under 100% radar detection of
dangerous bird flocks at 25-500 m.altitudes - 5-8% of all bird

~ strikes are pre?ented.
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tication., In order to atudy the possibilities of &« radar in the
.:..: range of detection ¢f single or flock flying birds at distance
1,2,3 and 9 klm from a radar located on rwma,y’s middle, we have
obgerved hirds flying in the survey sector of & radar across the
runway.We have registered bird species,their number(if more than
| one),the £light altitude and direction and than bave asoed lan-
ding controller each time(over radio from the GRIT) whe%:her he sa
birds or not.Duting all time of observations{approximately durin
":_:one our) we have carried out photograph of course glissade indi-
cator of & radar with 2 to 5 min., exposure.The photograph made
such an exposure shows all way of a bird during this time.,
However it is not easy to define accurately the speed of bird
#light with such & photograph of "fesla' indicator with logarith-
mic scale ag well as f£light direction if only p?i.ane's or bird wa}
doesn’t proceed mccurately on landing glissade marked on screen.
‘Q_.The more difficult is to ildentify birds visually on course and
glissade indicator. Usually there 1ls applied on precision appro-

b ach radar system selections of moving targets besed on Dopplers
effect where echo signals from fmmoblle targataliclitter, trees,
:,'__buildings,hilla) are not geen on the screen. In the game time
such & system can select birds flying with low apeed, for exam-
ple - scaring eagle,stork,buzzard. The eah_o-—-gsignml from middle-
size birds on course-glissede radars is swall,point-iike,glimme-
 ring sometime even disappearing  relatively fast movinf on course
indicator. As our observation have shown & controller detecis on
courge indicator even echo signals from a.akywlurk flying at 5=
10 = altitude and 1000 m distances from e radaxr. but in fact,
because of the presence of small temporal echo signals ag & re-
qult of technical hindrances im the very redar controller himseld
can hardly to detect and identify on the indicator small birds
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&t low altitude nearly the land., The adddle-gize gingle birds aﬂ
well gesn on course iandicetor up to 9 klm at altitude more than
50 w and they ere geen gimultaneously st the game distence and &
tituds on gligsede indicator. Just, the presence of echo-signal |
the gpeed and aiioction of the movemzent of which sre different :
from echo wgignalg from the fasi moving land objectas(for example-
cars) not only on the course but alss oun the glissade indicator

is bagic indication for bird identificevion(particularly for

their flocka},Single crows(Corvus corex)iflying st 100-150 m alti
tude were clearly seen at 12 klm distance on course glissade 1n]
cator., Thanks to high accuracy of the precision approach radars |
under migration of the small flocks of pigeons,malliards at dist]
wance 2-3 m from euch other - the echo~signal from them will be .
presented on course indicator separately(Fig.t1). The lavrge flock
of birds,flying close to each other(for example steariing or

geese) can give echo signals of the some brightness aud size as
from the light plane(Fig.2) but its form end brightoess will be |
not es constant as from the plane. To define possibiiitles to u
precigion approach rader for bird strikes prevention in its Sphes
reof action it is necessary to know: 1., The time of bird detect:
ont and identification by radar controiler;the mumber of blirds; '
the speed,the time and posaible dlvection of their £light .
2. The comparison of flight direction «nd speed of birds with .:
gpeed and direction of plane ‘s flight 3. The time of taking the
decision by a controller and its transmitting to pilot on bonrd:
4, The time of accepting by pilot the controller s inatruction
and of carrying out of proper plane’s manoceuvre if it possible ]
at this stage of Flight. To detect and identify echo signal fro
flying bird(the scho-gignal gitting bird will be supressed und
swltched on aystem of selected moving targets) it is necessary |
fix the speed of its flight, The flight speed of gulls amounts
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P Xln/h, However in the fire wind these values may increase
the contrary- to decrease in the head wind.

accuracy of resolution in azimuth -~ 1,2° and in altitude -
than 0,60~, that ig~ at 1000 m distence from the radar in
:_-.horizontal «21 m , and in alititude -6 m,The serial scanning
'_e in azimuth- 30° or at one side of runway- 15°,what amounts
67 m at one side from the axe of the runway at 1000 m distan
on radar.Congequently,at 1000 m distance a bird flying per-
:r'icularly to runway axe and to glissade of plame's landing

be seen on the course indicator from the limit of visibilit:
_"to glissade intersection 267 m; or under the speed 60 klm/h
;kamin.)- during 16 sec. youndly. At 2 kim distance from ra-
this distance will be equal to 534 m and durstion of bird
"ght 32 gec roundly and so on. If the gpeed of bhirds flight

be smaller~ the duration of birds flight will increases cor—

':,ondingly. All this dependence can be ghown by the next for-

lae : 5 . P1klm <0,267 = P1+3600 sec. 0,257
' ' TP klm/h P whers
the distance of birds from radar,ond P -the spasd ol Liids

P 80 kim/h ~the duration of flight at 5 kim disteunce from redar
11 amount to 5'3608'0r267: 60,1 mes. In such a way, ks mors

stant from radar and the slower birdis are ;ff";}.;y::i,:a.g the more time
_j & controller to detect and to ldentify birds snd to determi-
_-‘- the danger of bird gitrikes. It is euough t¢ bave 35 sec for
:‘- experienced controller to identify a bvird =‘-3.c:£30rfiing tu the

peed of its movement on the course indicatoer and in the same

1me to look at it on the glissade indicator in the casa when an
___baerver gees blrds visually and asks cohtrollsr whether he sees

rds, The indepexndent bird detection and identificetion by a




is a.' <35 kim/h ;that of pigeon,ducks,gees,starlings and snipes -to
{70-80 klm/h. However in the fire wind these values may locrease
or on the contrary- to decrease in the head wind.

.2:' The sccuracy of resolution in azimuth ~ 1,2° end in altitude -
nt ';:'iess than 0,67, that ig~ at 1000 m distance from the radar in
'._the hordizontal =21 m , and in altitude -6 m,The serial scanning
angle in azimith- 30° or at one side of runway~ 15°,what amounts
ﬁfto 267 m at one side from the axe of the runway a2t 1000 m distan
ii'jce from radar.Consequently,at 1000 m distence a bird fiying per-
{.pendicularly to runway axe and to glissade of plane s landing
ﬁ;will be peen on the course indicator from the limit of visibilit;
g w to glissade intersection 267 m; or under the speed 60 klm/h
._;"(1 ¥lm/min, )~ during 16 sec. roundly. At 2 klm distance from ra-
" dar this distence will be equal to 534 m and duration of bird
?:_'flight 32 gec roundly and so on. If the gpeed of birdsg fligunt
will be smaller- the duration of birds £iight will incresse cor-

respondingly. All this dependence can be shown by the pexi Lfor-

mlae : T sec “g %iull}lh‘o L 267 = Pq+ 3600 Sf,( s 0,267 .
mhe'__. P1- the distance of birds from radar,and I -ile apesd ¥ bluds
!cti- ::.5 flight. In so far as the speed of geese or nigeco flight amounts
4 " t0 80 klm/h -the duration of Tlight at 5 kim distenc 2 Trom radar

| mll amcunt %o 2" }608 0,267~ 60,1 sec. In suvch & way, the moXxe

: distant from radar and the slower birds are Liying the more time

he '}{ hes a controller to detect and to identify birds snd to determi~
md_ | ne the danger of bird strikes. It is enough to bave 3=% sec for
n 'f an experienced controiler to identify a bird according v the
€ speed of its movement on the course indicator and in the same
I‘omi time to look at it on the glissade indicator im the cese when an
de: : ?; obgarver sees birds visually and asks coutroller whether he sees
y

5 tol ]  birds. The independent bird detection and identification by &
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"But if a bird rises up to glissade or goes down to it on inclin

controller on the screen of precision approach redar in series

of capes becomes more difficult,complicated and longer by 6~10
sec because of the series of factors: echo signals from flying
birds may move with disappearance; simlilaxrity of echo-gignals |
from birds ou rrdar MPI with echo-sigusl from the other low spe

objecty(rain cloudiness, trees pesks sheking on wind,various te

nical hindrances end some other) and besides decreases truthword

thiness of bird detection. Yhe most difficult is to determinate]

accurately the danger of bird strike with landing plane.For this
eim 1t 19 neceasary to extrapolate the speed and direction of
bird and plane rapproachement., It is eesgy to fix the speed and |
direction of planes flight because the echo signal from it movei
under definit curve-landing glissade on glissede sxnd course inif
cators and with well-known £light speed many times obsgerved by |
controller.But the speed and direction of birds ¥light may .:.-_-_
and besgides both can’t be Pixed right away on the logarithmic |
gcale of “"Tesla" indicators.This problem gets slightly simpli-"-
fied if a bird comes from one side perpendicularly to glissade _'
and flieg at one and the ssme altitude in parallel with kilome:
res marker on the course indicator. In this case the loga.rithmi

gcade wlll not hinder to fix faster the speed of the birds flig

line - 1t ig very difficult to define the possibility of crossi
of planes glissade by a bird in the moment when it comes to thif
point. And this may be done very approximately not only with 10"
garithmic scale but even with the aimple indicators acale of .:.
precision approach radar PRL-7. In addition to that it is neces
sary to note that during planes landing the controller can’t
switch over to birds detection and identification and to extray

lation of the speed and direction of birds movement relatively |
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planes way,because he follows the planes flight on glissade.Bes
des that,after the bird detection and identification of the pos
sibility of bird strike it is necessary to transfer this infor-
mation to 2 pilot and to give him instruction about the executig
of the proper manoeuvre.ind a pilot in hig turn must repeat cor
L troller’s instruction and to carry them out. The transfer of ine
truction, its acceptance and begimnning of its fulfilment will
'~ teke 10 sec as a minimum;Therefore at 1-2 klm distance from ra-
b dar under birds flight speed toward planes glissade controller
:" will not have enough time to detect bird,to give instruction to
Pilot about the execution of the proper manceuvre(only going
s eround again).In connection with the fact that the procedure of
L going around egain takes additional 15 min of f£light and leads
to violation of schedule of following planes landing - this is
very expensive action which should be properly srgumented,To aus-
tify his action controller can present the photograph of radar |
' screen with echo signals of birds and plene. When giving instruco
| tlon to go around again,a controller must besr in mind that the
:_plane which has changed f£light direction should not collide with ’
birds. The greater ia the distance between radar and the point :!
of bird detection by a controller~ the more time he has to carry
jl:'_o'ut the entire procedure to pwevent bird strike. However,with

f distance increase from rader the possibllity is decreasing to

 detect and to identify the single flying birds; therefore more
:éffective in this aspect i1s the location of birds flying in
-'fflocks which,in addition,represents greater danger for a plane |
f;-'beea.use of greater volume occupied by Fflock wnd therefore grea.ter'
"-proha.bility and number of gtriked birds. |

To increase the effectiveness of the utilization of precision

_tpproa.oh redar for bird strike prevention it is reagonnable fromj
[
p- |
{




one gide to study the pogsibilities to use computer for fast -_
accurate bird detection snd identificaticn within the sphere of
radar action and from the othex side for extrupolation of possi.
crossing c¢f lauding plene and flyiag bivd.The great importance |
may have alsoe the ressarches(with help of radar and of visual "
chbaervation) of the regularitiss of the msss seasonal and locsl
dayly bird migration across the ways of planes f£light,Thisg enabd
lea to forecast the place,altitude and time of flock migration g
that or the other bird species; what,in its turn,mskss bird detq
tion amd ideatification fester and more precisge,imcresasing the :
by the effectiveneas of operative ntilisgation of radar for bird
strikes prevention.

We have analysed abave the possibllities to use approach |
radar to prevent bird strikes with lending plene. This radar
essentially, the same possibilities in velation %o taking off pli
nes.The difference is that trajecioyry of taking off & plane
doesn t coincides with landing glisssde, To detect hipds on the
way of a plane flying uvup it is necsasary to lrausier reder fron)
the side of landing to the gide of taeking off.When dangerous
bird flocks are detected on the way of the plane takiang off -.
can to postpone or to stop take off run of a planc. BDesides the
tranafer of the ray from one gide of the runway to the opposite
gide it is possible by radar "Tesgia™ to switch on another radar.
to the side of taking off the first ome ~ to the gide of landing
By radar PRL-7 it is posmaible to switech on the gligsade ray in |
the regime of the circle survey,and to use the course ray as a1
altimeter and thereby to observe birds in the side of landing
in the side of taking off., This is particularly effective for |
study of regulsrities of the local daxiy bird movements.

As a regult of the landing radser utilisation it is posgsibls

to prevent planes collisions with flocka of flying birds in thd




; gector where - thanks to technical data of & radar - the fast
bird detection and identification snd transfer of avolding

__- macoewree to pilet 1s possible.This is possible at 25-500 m alti
tudes whan & plrene comes out to landing glissade after the fourt
| tum snd woen faking of after out of touch with land and taking
b wp aliitude.

__ 18-20% of all bird strikes occurs at these altitudes aud

le__ 22-40% of them with bird flocks,depending from bird sgpecies(for
exampis with gull flocks wmore often than with flocks of other
I'_bird gpecien). In guch a way if 100% bird flocks are detected
and Ldentified end bird strikes are prevented - it is being

prevented 5~8% of sll collisions.,
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