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"LPC and Bird Radar Surveillance without Tears"
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1. Introduction

There is no doubt that to restrict flying during Spring and
Auturm migration and during periods of intense local bird activity
is likely to reduce the hirdstrike rate in any country. But al-
though these periods of bird movement are fairly well defined fac-
tors like the weather can stop or change their timing. By keeping
a watch on the ebb and flow of bird movements with radar and visu-
al means, the application of flying restrictions can be properly
phased and their duration minimized, If there is a strong corre-
lation between the intensity of PPI echoes representing birds, the
birdstrike rate, and the bird mass in strike (i.e. either large
and heavy birds or spatially dense flocks), there is always a
strong likelihood that each echo will represent a bird or flock
that could produce a damaging birdstrike. Under such conditions it
15 possible for a PPI echo intenszity lcvel to be found above which
the probability of birdstrike becomes very high and flying resigsric-—
tions become necessary. It is convenient to judge the intensity
level of bird echoes in the case Jjust mentioned by making use of
simple PPI-photographic methods and from data obtained on conventi=
onal ATC radars,

Already bird warning messages based on such radar information
are being issued am NOTAMS between Turopean countries, and tentati-

ve proposals are underway with ICAO for making use of conventional
ATC radars and simple assessment methods for gauging the birdstrike
risl,

It is probably a timely moment to consider the limitations
imposed on bird warning schemes by using conventional ATC radars
and simplece PPI asscssment methods and discuss ways of overcoming
some of these limitations.

One of the first limitations of using conventional ATC radars
rclates to the echo on the PPI and the bird, or number of birds, the
ccho represonts in the sky, There is no direct method of relating
the size of an echo on the PPI with the size of a bird; or the num-
ber of birds, in the radar beam. The smallest obiect that can be
resolved by a radar is a volums in space called the radar pulse vo-
lume or the radar resolution cell, which is proportional to radar

range, transmitted pulse length, and the vertical and horisontal
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beamwidths of the acrial, The dimensions of the resoiution cell

of a conventional ATC radar can bo very large indeed; a typical
volume €00 metres high by 300 metres wide and 4oo metres long =

72 million cubic metres at a radar range of 20 nautical miles,.

Such a resolution cell could contain many birds spaced out or bun-
ched in flocks, but unless their spatial distribution exceseds the
horizontal dimension or the pulse length dimension of the cell thoey

will appear as a single echo with nothing to distinguish if the

ccll is occupied by 5 wild duck, 50 pgulls or 5Sco starlings. The
gize of the radar rosolution cell and that of the PPT ccho are in
fact dcepeondont upon radar parametors and independent of target si-

z&. Only whon the dimensions of the target cxceed the dimensions
of the cell is the event revealed by a corresponding overlap of the
PPI echo dimensions. Then the ccho is depondent upon target size
or spatial distribution.

A sccond limitation relatcs to the PPI intensity assessmont
method and is the consequence of the small range of intemsity rati-
os (from the threshold of a barcly discernable echo in receiver
noise to a limiting echo painting brightly on the PPI scrcen) that
can be accommodated on the typical PPI. For examplc, if a radar
resolution cell, contained lo gulls and the acho on the PPI had
rcecached the limiting level it would paint up the samc echo intengi-
ty as 11 or loo gulls occupying a similar cell at the same rango

f anc moving in the same direction. Problems with thoe PPT intensity
method do not gstop with the limitations already mentioned. Faulty
sotting-up of the PPI using subjective methods, the differont re-
gquirements of the human eye and thez photogranhic film and incorrect
photography and photographic processing, can reducce the recorded
radar detection range and the echo intensity. It is quitc easy to
reduce the range coverage by more than 4o% and the intcnsity rating
from 7 to 3 in this way. The use of ground clutter removal techni-

wes, like MTI, introducs just another variable in the asscssument

of acho intensity making it more and more unliliely that guantitati-
ve and repeatable measurements can be obtainasd.

£ third limitation rolates to the lack of angular discrimina-
tion in the wvertical planc with the consequence that it is impossibe-
le to say whether there are 5 or 50 birds stacked one above the
other in the resolution cell, The lack of heightfinding precludes
the possibility of judging whethor a bird nmovepment is on a conflict

source with an aircraft.
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£ fourth shortcoming experiocnccd by the conventional ATC radar
when used for surveillance of bird mevermcents can be that the range
cover is inadequate on birds, becausc the radar parametors were ge-
lected for and optimiged orn fastcer and higheor flying aircraft, In

addition, a radar satisfactorily sited for air traffic centirol may

tay

ave gserious "holes" in the vertical coverage diagram or "cut-off"
gectors in the horizontal coverage diagram at low altitudes rking
it impossible to detect low flying birds.

A fifth limitation to the use of any ATC radar is that 4oy 1LC
day ATC radar work takes precedencs over bird movement surveillance,
of which it takes little account, Conscquently, bird surveillancce
records arc often spoiled by chonges in radar working conditions
made during routine ATC operations.

The way round zall the radar limititions in tho first place is
not a ngw bHird radar, a radar oxpcert or a bag og gold, but o~ posi-
tive rhilogophy. Alir safety and ATC are closely relatced subject,
and if radar surveillance of bird movements is necessary for air
safety it must be dealt with from within the framcwork of air traf-
fic control., There is no doubt that thoe ordersz for Hird-zmcaring on
an aerocdrome enanate Lrom the ATC ftowor and it is frowm thore the
control of radar for bird surveillancce must be superviscd, oven du-
ring the exXperimaental vnhase. The prodlomns of procedence disappear
once the ATC authoritics arce resmonsidblo for making radar surveilan-
ce of bird movements. I think wo should congratulate our French
collicagues for their wisdom in adopting this philosophy from the

: start,
In the remainder of my paper I am going to show how difficult
it is to obtain any guantitative measurement of echo intencity
when MTYE is uscd, and then, T shell demonstratc o guantitative me-
thod of measuring echo intensity. The mathod uwtilizces an additio-
nal receiver, which as it by pasnocs existing rceccivaers usad for
routine ATC ownerations, cnables both ATC and Bird Radar Surveillan-
ce to bhec wmado without mutual interfoeresnce and comfitct. The special
intensity measuring receiver foods o magnetic tape recorder, vhich
can ba decoded by mesans of a digital computer., The intensity data
can be referrcd te a calibratcd 8-point scalc and printdd out in
tho form of a bird intensity chart, The PPI-vhotogrevhis method
is rotained for the gualitative recording of bhird uovencnts only

and conscaquently the effect of lost £ilm will be much leosc serious.




2. MTL Effects

Moving target indication (MTI) is =2 method of ¢liminating un-
wanted fixed target cchoes generated by hills, buildings and power
lines without getting rid of wanted target echoes likc aireraft.
MTI systems fitted to ATC radars are disigned to retain aircraft
moving at speeds above a hundred knots but not rclatively aslow mo-
ving targets like birds. HNevertheless, althoug fow MTI systems
climinate birds entirely from the PPI they all cffect the intonsi-
ty of bird echoes in an adverse way that makes repeatable gquantita-
tive measurements difficult or impossible. The intensity of a
bird ccho is affected by the bird's radiazal velocity. This ix a
vector guantity heving a magnitude cqual to the bird's speed and o
dircection which is radial with respect to thce radar. The degree
that the scho intcnsity is affected by thess two componcnts dopends
upon the parameters of the radar, ecspecially the radar wavelength.

Fig., 1 chows thc MTI rcsponse diagrams for 1lo,23 and 50 cm
wavelangth radars. The vertical scaile of tho diagram is of the
relative echo response of the radar with and without MTI. The
horizontal scale of the diagram is in terms of radial vclocity of
the target in knots. Targets moving on o radial course suffer the
changes in echo strength or intonsity shown on the curves, whon the
radar is switched on to MTI, Gf courss, when the MTI is not opcra-

ting the ccho intensity docs not charge with target velocity. HNote

thet the MTI responsce and the echo intonsity arc zero when the
target velocity is zero and cnho intensity incroeaszes as target
velocity is incrcascd, The 10,23 and 50 cm radar curves go through
zero amplitude (corresponding to no logs in signal) at radial velo-
cities of spproximatcly 10,25 and 5o knots raspectively. The re-
sponse and echo intensity suffcrs a severc roduction of 1/3 {equi-
valent to -~ lodB) or more, when target velocities esre less than 3,
12 and 25 k¥nots for radars cpoerating at wavolenpths of lo, 23 and

o cm raspectively., The curves demonstrate that ccho intensity is

T |

elzated to target radial velocity in a complicated way amd that the

]

0ss in ocho intensity will be serious on 2 50 cm radatr for birds
flying at radial wvelocitics of lecsz thon 25 knots.

Far thec greater number of birdz in any bhird movement fly past
the radar on tangential courses and only a small percentages ol the
birds flv over the radar on radial courscs, If a target flies on
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a tangential course, as per diagranm Fige 2, at any point £ or 3




the radial component of velocity with respect to the radar is Ve
gin » The radial velocity component gencrated by a target fly-
ing tangentially with respcet to the radar is clways less than ito-
tangential velocity by the factor sin which is mero when angle
is zZero degrees, and which increascs with increasing valucs of

angle y until sin tends toward uvunity as angle tends towards
90 derecs, Once the radial velocity component for a tangential
target has been rosclved by epplying the sin factor it is pos-
sible to evaluate changes of echo intcemsity from the curves shown
in Fig, 1, Generally, we find that thec tangential target must fly
faster by the factor (sin )™ to obtain the same ccho intensity
as the radial target.

The effect on the PPI desplay of this MTI “coursc"” factor on
2 large movement of birds flying on parallst tracks to onc another
and over the radar is illustrated in Fig, 2. In ecither side of the
direction of movoment there is o "MTI wedge!” where the scho inten-
sities are zero for birds flying tangentizally and broadside-on to
the radar, bur wherc the echo irtensitics ars relatively high for
birds flying on a radial course, The wedge is nroportional +o ang-
le and it can be voery wide for slow moving birds when a 50 cm ra-

dar is used. The wedge anglc is less if faster birds are involved

&
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of if they are aided by a tail wind. In th
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get & well defined wodge as shown, becouse the birds in a passcerinc
movement scldom travel at the same average speed and on a corrion
heading, unless there is a high tail wind.

It has beoen suggested that variations in echo intensity pro-
duced by MTI oporation can be calibratoed out by switching the MTI
off when watching a bird movement and then reforring the 8-point
intensity scale obtainaed with MTI "on'" to this MTT "off" racording.

part frowm scvere practical difficultics in maring this comparison
the results will be invelid on tochnical grounds. Without MTTI the
racar and its processing are recording ocho intensity which is
proportional to target echoing area, but with MTT the radar is re-
cording intensity which is proportional to 2choing ara and also to
the radial velocity component of tho target. Excent in epacial ca-
sce 1t will be difficult to obtain sufficient information on the
radiasl velocity components of o large seale moveoncnt to corrcct the

"ealibration®,

.




3. Bird Surveillance and ATC Cprpatibility

A common problem that occurs when a radar is employed for
watching bird movements is that a lot of data is lost due to radar
or photographic faults, or because records are spoilt by the presen-
ce of unwanted "weather" echoes, or because the radar parameters
have been changed during routine ATC operations. A Ceoncdiam toor
relates that in a 2139 day operation in 1964-65 nearly 30% of the
morning films and 29% of the evening films were lost due to radar
settings, radar maintenance or unknown causes {(1). The same team
spent 896 hours on night operations in 1969 and 26% of the film was
lost because of radar setting faults, camera faults, radar mainte-
nance and unknown causes and 14% of the film was unassessable, be-
cause of "weather" clutter or the operator used special techniques
to eliminate undesired echoes, including birds (2).

The Canadian experience is not unique, it is commonly shared
by many workers using a radar on a part-time basis, when the ra-
dar's prime purpose is for ATC or defence. The wise solution to
this problem is to get rid of the part-time atmosphere by integra-
ting the radar surveillance of bird movements into the general ATC
surveillance plan and at the same time to make improvements to the
raddr and the intensity recording system.

I have indicated that parameters in the PPI-photography/photo-
graphic processing chain are extremely difficult to contrel and op-
timize, and that interpretating the PPI intensity scale is far toco
arbitrary a task for serious operational use in a situation where
the work load of the air traffic control staff, even with computer
assistance, is soaring.

The PPI-photographic method with its PPI setting, photographic
processing and camera faults, and the radar parameter changes impo-
sed by ATC operations can be circunmavigated by using a separate
receiver-recording chain that can be fed out on to a maghetic tape
recorder, The receiver recording system can he fitted in parallel
with the existing receiver-PPI chain to almost any type of ATC ra-

dar. It is & system that enables the radar to be used for both ATC

and bird movement purposes at the same time without one interfering

with the other.




L, The Bi-d BEcho Intensity Measuring Receiver

The existing radar receiver - PPL chain is used for gqualitati-

ve information on the hroad scale movemont of birds and the where-
abouts of "weather" elutter. An =dditional receiver channel is u-

sed feor the guantitative measurement of bird echo intensity. The

bird intensity measuring receiver can be fitted with a direct cali-
braticn facility to set-up the 8-point intensity scale., The measu-
ring system cen measure a range of intensities of up to 90dB in
terms of an accurately specified law, whercas the PPI-photographic

is confined to a range of lo-20dB and an ill-defined law
subject to setting and processing changes.

A block diagram of an ATC radar fitted with a non-MTI receiver
channel and a MTI receiver chanmecl is shown in Fig. 3. The bird
echo intensity measuring receiver the third channel on “he extreme
left. In meny cases it will be satisfactory to take the output of
the headamplifier as shown from the by-pass point, but if a micro-
wave amplifier is available it may be advisable to by-pass from the
amplifiers output port. The intensity roceiver consists of an IF
bandpass filter for defining the receiver bandwidth, a logari+thmic
recciver of true law and 90dB input/output range, a neans of 'ga-
ting" bird echees in range and bearing, a sample and hold circuit
for prolonging the short duration of the received echo pulse and a
low-pass filter to remove unwanted parts of the receiver spectrum.
The intensity data from the receiver is fed onto 2o magnetic tape
recorder., Besides recording intensity it is necessary to rcecord
range and bearing '"gate" data. The box marked "state of radar in-
dicator"” permits the recording of additional data, such as whether
linear or circular polarisation is being used, and it cuts out the
uncertainty of written rccords.

The goneral principles used in the intensity measuring recei-
ver system have been used to measure ground clutter cchoes at Lon-
don Airport using one of the airport's ATC radars (3), and they ha-
ve boen used elscwhere to measure bird eochoes. The operation of
the receiver can be explained by means of Fig., 4, A range and bea-
ring "gate" indicated at R is laid onto the bird movement shown on
the PPI. The "gate" is brightencd up to show its position, but the
"gate" marker docs not necd to be retained on the PPT except for
putting-on purposes, The bird movement, heading north in this case,

moves continuously through the "gate". The intcnsitiecs of the




echoes passing through '"gate' are recorded at their correct hea-
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rings shown on the right-hand di: ams. Heho intensities arce re-
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corded each time the serial scons through the '"gate' position. As
tirle passes the intensity pattern changes as shown by the patterns
taken every half hour. It is possible te leave the "gate! position
fixed once it has been positioned on the 'Ycentre of gravity! of the
main bird movement. The "gate'" is positioned clear of ground anf
weather clutter in order to avoid collecting unwanted data.

The intensity and position data is encoded onto a magnetic ta-
re, which can be docoded, when and as required, using a computer
programmned to print-out the bird ccho intensity chart shown in Fig.
5. Echo intensities, bearing anglegs and times corresnond to the
data in Fig. 4. The changes of intensity teken from z nocturaal
migratory bird movement over the bearing scctor 25.%5. to 575 de-
grees are shown in the map of Fig., 6 at equal 3o minute intervals,
Intensity levels above -31dB of radar cross section of 1 gq metre
have been outlined., Such a decision con be programmed into the
computer and printed out, and in = similar way so can a warning
level,

The intensity measuring receiver is calibrated by feeding a
microwave signal, controlled by an attecnuator, into the microwave
mixer, This adjustable signal, refcrenced to a calibrated hoise
tube, is used to calibrate the receiver. The radar ond receiver
channel can be calibrated in absclute terms by flying a (balloon~
borne) known metaol sphere, The intensity lovels can then be refer-
red to this cochoing crosgs-section or to an arbitrary 8-point scale
reforence to the noise tube., Unlike theo PPI-photographic intensity
method it.dis easy to calibrate this receiver to spccifiod levels
znd repeat the calibration year after year. Thoe czlibkration is mae

de before each operation and recorded.
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