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Summary

By 1954, the present weather radars within the United Stetes and at
Bome overseas Bites will have been replaced with m network of
advanced Doppler radars, the Next Geperation Weather Radar
{NEXRAD). This paper discuseses the final epecifications of NEXRAD
with respect to its performance in detecting and recognizing bird
targets hazardous to eircraft. Techniques are outlined for
sutomatically diseriminating bird echoes from echoes caused by
weanther mend for testing the performence of the mutomstic
discrimination.




I. Introduction

A network of large Doppler weather radare is being built to cover
the United States and some overseas locations. Because it will
completely replace weather radars from the 19508, it is termed Next
Generation Weasther Radar {NEXRAD). Although designed to detect
weather phenomens, NEXRAD inevitably detects many bird targets es
well. In this paper we discuse the characteristics of these large
weather radearse, their potential to detect various kinds of bird
tergels, and the Btatus of efforts st the Illinoie Natural History
S8urvey {INHS) to implement recognition of bird targete in computer
acftware,

Background information on the Eeneral character@stica of KEXRAD and
iliustrations of the appeerance of migratoery bird movements on
NEXRAD are given in the proceedings of the 18th Bird Stirike
Committee Europe (DeFusco, et al., 19865 .

II, Schedule of NEXRAD installation

A vendor has been welected for the NEXRAD syvaten and final
validation testing has just begun:

1988 Instellation «and final testing of first NEYRAD
prototype unit

1990-1581 Installation of units 2-11

1992-1954 Inatallation of unites 12-135, with oore units
available optionally

IT11. Characteristics of NEXRAD pertaining to bird tergets

Mort of NEXRAD's specifications are typical for a large weather
redar {Joint Systems Project Office, 1854). The 10-cm wavelength
of the radar penetrates cloud or haze ¥yet backecatterw strongly off
bird targets. This wavelength, however, causes quantitative errors
in estimation of the size of bird targets because 10 co ie similar
in Bize to some birds and to body parts of birds.

NEXRAD hse smple power and eensitivity for detecting birds at great
range {DeFusco, et al,, 19586), Birds {and ineects) generate strong
echoes whenever they fly in view of the radar and are not obecured
by nearby ground targete. In Bome cases, however, NEXRAD
electronics will Bupprems the echoes, s described below. Deppler
velocity information on NEXRAD will be available to a renge of 230
km, the maximum range over which we expect to be able to mnalvze
bird echoes, although information on echo strength will be
available out to 460 km.




NEXRAD projects a narrow l-degree “pencil beam” thet localizes
targets in height as well as gecgraphically. However the radar is
designed for weather targets and does not permit fine resolution of
targets close together in epace. ¥For thie reason, NEXRAD can
follow movements of large numbers or flocks of birds but cannot
paint the fine structure of guch flocks nor follow small flocks or
individual birds. In messuring target velocity, NEXRAD allows 250~
m resclution in range over its entire 230-km region of coverage for
birds. For measurement of echo strength, the resolution widens to
1 km. Ae shown in Figure 1, NEXRAD paints with a broad brush (at
60 km the beam is 1 km wide).

NEXRAD radars will be located to provide good coverage for weather
targets. In most cases, these sites will mRlso provide good
coverage for birds, unless the birde are (1} obscured by large
ground targets, {(2) sc low and distant as to be obecured by the
curvature of the earth, or (3) above the radar et elevation mngles
over ebout 15 degrees. Ground targete can often obscure such low-
flying bird hazards es gulls and hleckbirdes (Figure 2).

To decrease the possibility that ground clutter would be mistaken
for weather echoee, NEXRAD includes two types of clutter-rejection.
In Bome cases, the clutter-rejection elso rejecte bird targets. In
the first, B two-dimensional map of ground clutter is maintained
continuously. Stationary targets mt low altitude over this wmap are
rejected by a mechaniem similer to the circuitry of a classicsl
Moving Target Indicator (MTI}. (Stationary targets ocutside or
digtinctly above ground clutter are not rejected.) In the second
type of clutter rejection, dot-echoes are rejected by a rather
conplex acheme that searches for single 250-m resclution cells that
are much stronger then neighboring cells., Such cells are replaced
by their weaker neighboras. 1In this manner, such ieolated targets
a8 aircraft, broadcast towers, single birds, or flocks much under
250 m in size are filtered out of the NEXRAD data. The dot-echo
filtering can be switched off but present methode of messuring
weather phenomena malfunction whepn dot-echoes remain in the data.

Targets intermediate between discrete dot-echoes end diffuse or
epatially extended bird movements include important hazarde to
eircraft: birds or bate entering or departing rocste, coasting
movements of gulls, large flocks of waterfowl, and Bometimes
migreting raptors, Figures 3 and 4 illiustrate the effect of dot-
echo filtering on one such kind of intermediste target, namely
flocke of Canada Geese., The dot-echo filtering obviously reduces
clutter. However many . of the smaller flocke are aleo filtered out
of the image or flicker on end off with succesBive sweeps of the
radar. Larger flocks {Figure 5) prove steady, prominent NEXRAD
targets.

Although NEXRAD is computer-controlled snd can be programmed to
move its antenna in erbitrarily complex patterns, its scanning
etrategies will be simple, At least durlng its first yeare. As
NEXRAD searches for bird tergets, the antenns will usually move in
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380-degree sweeps in mzimuth at increments of one degree in
elevation. The maximum elevation will be about 15 degrees.

Both operational and research radars in use today rely on linearly
polarired bemms. Weather radars normally employ horigontal
pelarizetion; tracking radars often employ vertical polarigation.
in contrast, NEXRAD hae a circularly peolarired beam. Because
circular polarization reflecte poorly off flat surfaces, we expect
echoes from ground targets, mircraft fuselageg, And other surfaces
to be attenuated on NEXRAD relative to echoes from cloud droplets,
precipitation, and other weather targete. Bird targets are complex
in shape and intermediete in size between ground targets and water
drops. Bird targets cen be expected to suffer some diminution of
echo return because of the circular polarization; however, the
degree of the effect of diminution of the echo remains open to
speculation, as does the Bensitivity of this effect to body size,
target aspect, and the diestribution of bird targets in space. We
know of no radar studies of birds in which cirecular polarization
was used. Based on primitive theoretical considerations, we expect
that & few dB of echo losa will be incurred because of NEXRAD’e
circular polarigation. Such loss would be & minor factor.

In additioen to echo strength and radisl) velcocity of targets, NEXRAD
estimates the width of the Doppler spectrum. This estimaste should
provide an indication of how much the epeed of the target varies
during the time the l-degree rader beam scans acrose the target.
iderlly, this spectrum estimate approaches quantitative measurement
of the second moment of 'a sample of the target velocity. The
electronic methods used to estimate spectral width in Doppler
radars are still in the development etemge Bnd presently produce
imperfect but useful estimates of variability. We expect spectral
width to be greater on average for bird targets than for weather
targets. The INHS and the JJlincis State Water Survey have been
cooperating in studies of spectral width.

IV. Techniquer for discriminating birds from other NEXRAD targets

The INHS ie developing en algorithm! for dimcriminating birds from
other targets such ss weather and insects (Muellier and Larkin,
1985). The algorithm will be incorporated intoc the NEXRAD systen
after it ie completed and is shown to be relisble. Digerimination
of target types by the Bird Hacard Algorithm cannot be accomplighed
uging one pimple criterion but rather must use a combination of

1An elgorithm is s precise procedure for earrying out a task.
In thie case, the task is recognizing bird targetse on NEXRAD and
algorithme sre coded in e special language called NEXRAD Algorithm
Enunciation Language (Joint Systems Project Office 1984, see alsc
Appendix). In fact, the Bird Hazard Algorithm will be implemented
as a Bmall number of separate “"EXRAD mlgorithnms.




galient echo characteristics. We have identified several salient
characteristices, which we call diagnostic variasblea. 3Because date
on the ectual appearance of birds on NEXRAD radare will not be
availsble uniil about 1989, we rely on data from other gimilar
radare in studies of poseible diagnostic wariablea. The radars,
data from which appear in our earlier BSCE contribution (DeFusco,
et al. 1986}, are Doppler weather radare designed for research.
They cloeely resemble the NEXRAD specifications with the
gignificant exception of linear rather than circular polarization.

The diagnostic veriables presently mmber eleven (Table 1; see also
Larkin end Quine, 19827}. For some of them (e.g. Date) we can rely
on information from published sBtudies of hird movementis as well an
from long-lerm data sets mvailable at the INHS and elaewhere. For
othere {e.g. Spectral ¥idth}, contiderable basic research must be
carried ocut before we whall have sufficient underatanding to use

the variable.

Verificertion of the actual kinds of eirborne targets thuat produce a
given region of echo on a large redar is eppecirlly iwmportant in
developing & Bird Hazard Algoriths. #e need to ke certain whichk of
several kinds of bird and weather targets produce the echoes.

Among bird targets, the degree of hazerd to aviation depends upon
the kind and number of birds present in the air. Whenever
poseible, therefore,. we have deployed ground observers wWith
Linoctlars to identify and count birde while the redar operatcs
{Figure £}. A1 night and when hirds f1y at high altitudes, we have
used an INHS trensportable trackiuvg reder dedicated to detailed
counting and, when possible, identaficetion, of biclogical targets
{Figure 6). With the tracker, we can identify broad claspes of
turgets vian wingbeat rignatures gnd using telescopes and & rader-
mounted spotlight.

The Pird Berzard Algorithr attempite to diztinguish among five
classes of rader echoes:. weather, ineects, migratory povezents of
mixed species of birds, migratory movenente of waterfowl, and local
movements of waterfowl. Other target types {for example,
blackbirds and gulle) will be added when we have enocugh data. At
lenet Bome of the five classes of echees differ from one another on
each of the diagnostic variebles. Althougbh & particuler diagnostic
variatle may provide little or no help in making 8 decision sbout
one cleses of echo, it may be helpful for another clmes. For
instance, one finds time of day of no help iun deciding whether a
region of eche is generated by weather but mogrt helpful in deciding
whether the echo is generated by migratory pasgerines.

The computations that automaticallr distinguieh among the classes
of echoes rely on & watrix of prebability functioene, one function
for each clags of echo for each diegnoatic variahle, Figure 7
illustrates the data that aupport the probability functions. An
example of a probability function sppears in Figure B, W¥When a
diagnostic variable is not helpful for s claes of echo, that
function equale 1.0, For each ecko region, the computer evaluemtes

the matrix of functions and for each clase of echo it calculates
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the Jjoint preobability mcross the diagnestic variables. If the
computation succeeds, at least one joint probability will be
nonzero and that of the correct elasse of echo will be larger than
the others, thereby identifying the echo.

Although the calculation of 11 etatistice on an echo region and
subsegquent evaluation of 56 to 75 functions seem laboricus, the
NEXRAD computer will not complain. To illustrate, we can procesa a
an echo region of about 25,000 cells in under 10 mseconds, on a
minicomputer plower than the one NEXRAD uses.

¥. Method of testing the Bird Hazard Algorithm

Because bird targets are in some waye poorly known on 10-cm weather
radare and because of the complexity of the algorithm, we aubject
ectual bird echoes to & working computer-coded algorithm. The
regearcher outlines regions of echo from known targetse on & color
Plan Position Indicetor (PPI) image, ueing an interactive graphic
dieplay (Figure 9). After a region of interest is selected in this
way, the computer gtores a priori target identifiecation with the
description of the region. Computetion of the diaghostic variables
then proceeds automatically mnd the resulting Jjoint probability
scoree are compared with the m priori identificstion to evaluste
the success of the Bird Hazard Algorithm in categorizing the
target,

Further work with these algorithms will consiet of collecting date
to conetruct and refine probability distributions, extending the
algorithm to cother clasees of bird hazards such as blackbirds and
gulls, devising methods to find interesting regions of echo and
delineate them automatically for submission to the elgorithm, and
describing such site-specific diagnostic veriablee as geographic
fentures end migration timetables.
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TABLE 1. Disgnostic variables presently in use.

Coverage Per cent of the echo region filled
by targets
Date Date of the data
| Habitat Codes for large habitat regions:

i oceans, wetlande, deserte, etec,

Height AGL bPistance from the ground, knm

| Reflectivity Echo strength in decibels reletive
| to & standard amount of water

' suspended evenly in air

Spectral width Widih of the Doppler Bpectrum, m/s

Stipple in reflectivity 1In dB/km, see below

| Stipple in velocity In 1/ms, see below
Stipple in width In 1/ms, see below
I
Time of day Time relative to sunrise ang Bunget
Velcocity Radial speed, m/=s
Note on stipple variables: Cloud, snow, and rain are composed of

many tiny scatterers distributed rather evenly throughout the pulee
volume of the radar and usually verying only moderately between
adjacent pulse volumes. Bird echoes and sometimes insect echoen,
on the other hand, sare composed of fewer larger scatterers, so that
variebility occurs from one rulse volume to the next. Stipple
measures the "roughnees” of the echo region by taking the average

' of the firet derivative of the relevant unit along radial sapples
of the echo region.




FIGURE 1. Size of s NEXRAD pulse volume.
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FIGURE 2. Low-height coverage of Lhe NEXRAU beam.
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FIGURE 3. PPI of goose flocks from research radar.

FIGUI
The datn were taken on 1€ December 18B7 with the CHILL radar of The datm of F:
the Illinoie State Water Survey using a gate spacing of 150 m for approximation
both echo strength and velocity. Dot-echoes heave not been NEXRAD'E dot-e
guppregsed, Compare with Figure 4.
CHILL
16-DECH7
13:13 (85
L 4
-
»az -
-3 4 .
-
2425 ]
. 'Y,
18-28 ] Y
s 'y
12-14 ‘4 , - ';'I Y 3 .-"j
’
& B . AL
. e
oz MR
diz
REFLECTIV .
PPI
A .4 [EG
R 193 km

27-MR- B




FIGURE 4. * PPI of Boose flocks as meen on NEXRAD,

of The datr of Figure 3 were precessed to produce a close
for

Epproximation of NEXRAD's gate spacings of 250 m in velocity and
NEXRAD'e dot-echo Buppression.



FIGURE 6. Spatinl spans of flocks of Canada Geese. i FIGURE 6. 11

Data were teken by observers with binoculars counting geese (N
about 20,000) et Champaign, Illincis. The geese were migrating
from Horicon, Wisconsin to southern parts of Illincis and
neighboring mreas. Spans assume geese flew with their bodies
spaced at 3-m intervals.
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5e, FIGURE ©. Illincgis Natural History Survey 3-cm tracking radsr.
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FIGURE 8
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FIGURE 8. Probabhility distribution for the Date wvariable
for the case of passerine migrants.
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FIGURE 9. Graphicel designation of a region of echo for
analysis end Bubmiegion to the Bird Hezard Algorithm.

L]
The image ig B monochrome renditien of a color FPPI of velocity over
the northeastern United States. The rader ig located st the
Magsaechusetts Institute of Technology in Cmmbridge, Massachusetts,
at the center of the display. The rectangle is 200 km across. The
irregular~ghaped area of echo extending out to 40-30 km range is due
to migrating birds on & night of norwal fall migration., The echo is
mostly passerines, but may include some insect echo ag well. Echoes
to the E and SE are due to tmll buildings that reflect and obstruct
the radar beam., A dark area to the SSW over the state of Rhode
Island hes been drawn by the operator to designate a region of
receding birds for anelysis by the Bird Hazard Algorithm,
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APPENDIX. Example of Algorithm Enunciation Language

This fragmentary exanple illustrates the NEXRAD A.E.L. In the full
slgorithm, the terms are carefully defined prior to being used. The
fragment checks to mese if an echo region is undoubtedly weather; if
80, the geographic ares is marked to avoid a probebly fruitliess

Bearch for numbers of birds flying beneath what is likely to be
rainclouds.

D3 FOR ALL (ECHO SEGMENTS )
IF {ECHO SEGMENT has elements >
THRESHOLD (Maximum Bird Height)) OR
(MEAN REFLECTIVITY{Echo Segment) >
THRESHOLD (Bird Reflectivity}) OR
{At least 1 POSITION {Gage Reporte) is beneath this
KCHO SEGMENT AKD NOT (FLAG (No Hourly
Accumulation) for said position)
THEN
Set WEATHER MAP elements beneath echo Begment
END IF
END DO




