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1.0 PROLOGUE
1.1 FUNCTI ONAL DESCRI PTI ON

The Weat her Surveillance Radar - 1988 Doppl er (WBR-88D) Conposite
Reflectivity and |l ow altitude Layer Conposite Reflectivity
products are occasionally contam nated by ground clutter,
frequently caused by anomal ous beam propagation (AP). The
clutter contam nation falsely indicates regions of heavy
precipitation and can significantly reduce the accuracy and
reliability of the Conposite Reflectivity products, particularly
for use in Air Traffic control

The CLUTTER REMOVAL al gorithm was designed to identify regions of
ground clutter in real tinme using the radar base data
(Reflectivity, Radial Velocity, and Spectrum Wdth), and to
remove the clutter fromthe Conposite Reflectivity and | ow | eve
Layer Conposite Reflectivity products.

The CLUTTER REMOVAL al gorithm uses base data that has been
registered, i.e. the Reflectivity data fromthe surveillance scan
has been mapped to/aligned with the azi muths of the Doppler
(Velocity and Spectrum Wdth) scan. This inplies that each one-
kil ometer Reflectivity range gate is azinuthally associated with
four 250-neter Doppler range gates.

The CLUTTER REMOVAL al gorithm creates versions of the Conposite
Reflectivity and | ow | evel Layer Conposite Reflectivity product
with the clutter contam nation renoved using the follow ng | ogic.

Not e, since the purpose of the CLUTTER REMOVAL algorithmis to
prevent high reflectivity ground clutter returns from

contam nating Conposite Reflectivity products and in order to
speed up processing, Reflectivity data val ues bel ow THRESHOLD
(Mnimum Refl ectivity) are never considered to be Clutter.

The CLUTTER REMOVAL al gorithm process can be divided into three
distinct functions: 1) Cutter ldentification, 2) Cutter
Ext ensi on, and 3) Data Snoot hi ng.

Clutter ldentification function. Because the Cutter

I dentification function is three dinensional and the resulting
Reflectivity data is used to build Conposite Reflectivity
products, the logic of this function is integrated with
conpositing logic. Therefore, this function generates two
vertically conposited two di nensional polar Reflectivity arrays.
These pol ar arrays contain the maxi mnum uncont am nat ed

Refl ectivity value at each range and azi muth (whol e degrees) from
any tilt in the volume scan between the surface and the top
sanpling height (70,000 feet) for the Conposite Reflectivity and
bet ween the surface and LAYER COWOSI TE (Low Level - Height) for
the low | evel Layer Conposite Reflectivity.
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For the purpose of Clutter ldentification, this algorithm assunes
that AP induced ground clutter displays the follow ng three
di stingui shing characteristics:

1. Radi al Velocity values in clutter are near zero.
2. Spectrum Wdths values in clutter are | ow.
3. Clutter is nost common in lowtilts near the radar.

Based on these characteristics, the Clutter Identification
function defines four regions (Figure 1) at successively farther
ranges and higher altitudes fromthe radar. Each region uses
different “rules” to determ ne whether the Reflectivity data at
that point is Cutter.

Reqgi on - OMT ALL Reflectivity data. Al Reflectivity data
wi th val ues exceedi ng THRESHOLD (M ni num Refl ectivity) are
considered to be Clutter.

Region 1 extends outward fromthe radar to a di stance THRESHOLD
(Range - OMT ALL) and upwards to an altitude THRESHOLD (Al titude
- OMT ALL) above the radar.

Region 2 - ACCEPT IF Reflectivity data are determned to contain
only Weather. Reflectivity data are considered to contain only
Weat her if at | east one of the associ ated Doppl er range gates has
an absolute radial Velocity value greater than or equal to
THRESHOLD (Vel ocity - Wather) or a Spectrum Wdth val ue greater
than or equal to THRESHOLD (Spectrum Wdth - Wather) and no
associ at ed Doppl er range gate has both an absol ute radi al

Vel ocity val ue |l ess than THRESHOLD (Vel ocity - Clutter) and a
Spectrum Wdth value | ess than THRESHOLD ( Spectrum Wdth -
Clutter).

Regi on 2 extends outward from THRESHOLD (Range - OM T ALL) to
THRESHOLD (Range - ACCEPT IF) and includes all range gates from
el evation angles |less than or equal to THRESHOLD (El evati on Angl e
- ACCEPT IF) that are below the altitude THRESHOLD (Al titude -
ACCEPT | F) above the radar.

Reqgi on - REJECT only IF Reflectivity data are determned to
contain Clutter. Reflectivity data is considered to contain
Clutter if at |east one associ ated Doppl er range gate has both an
absolute radial Velocity value | ess than THRESHOLD (Vel ocity -
Clutter) and a Spectrum Wdth value | ess than THRESHOLD ( Spectrum
Wdth - Cutter).

Regi on 3 extends outward from THRESHOLD (Range - ACCEPT IF) to
THRESHOLD (Range - REJECT IF) and includes all range gates from
el evation angl es bel ow THRESHOLD (El evati on Angle - REJECT | F)
that were not previously used in Region 1 or Region 2.

Regi on 4 - ACCEPT ALL data. This region extends to the rest of
the radar volune that is not included in either of the three
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other regions. None of the data in Region 4 is considered
Clutter.

Clutter Extension function. Range anbiguities and difficulties
regi stering Reflectivity data (notion of echoes, etc.) wll cause
sonme Reflectivity range gates to not have valid associ ated
Doppler data. |If a Reflectivity range gate has no valid

associ ated Doppler data it is inpossible to test for Clutter
using the logic stated in the paragraphs above. The Cutter
Ext ensi on function provides a nmechanismto radially extend
clutter identification into areas without valid associ ated
Doppler data. Cutter Extension is only perfornmed if FLAG
(Extend Clutter) is true and is only perfornmed in Region 3
(REJECT I F).

Clutter Extension is perforned radially outward, from
Reflectivity data bins which have al ready been defined to contain
Clutter, a distance not exceedi ng THRESHOLD (Extend - Range
Gates). Cutter Extension defines each succeeding Reflectivity
data bin to contain Clutter until the process encounters a

Refl ectivity data bin which is defined as containing only Wather
(as defined in Region 2 - ACCEPT IF) or which has a Reflectivity
val ue which differs by nore than THRESHOLD (Extend - Reflectivity
Difference) fromthe initial Reflectivity data bin val ue.

Dat a Snoot hing function. Followi ng the identification and
removal of clutter, the resulting conposite polar Reflectivity
data arrays may appear “noisy” or may contain small regions of
echoes that are not representative of the precipitation field.

| f the adaptabl e paraneter FLAG (Filter Qutput Reflectivity) is
set, a median filter is applied to i nprove the appearance of the
Reflectivity data arrays.

The Median Filter domain is defined to be the individual bins of
Reflectivity data extending in range +/- THRESHOLD (Filter -
Nunmber Range Gates) and +/- one azimuth if the center of the

azi mut h does not exceed THRESHOLD (Filter - Cross Range) distance
fromthe center of the Range bin. Beyond the range at which the
di stance between adj acent azi nuths exceed THRESHOLD (Filter -
Cross Range), the filtering is applied only in range.

Each Reflectivity data value is replaced with the nmedi an of the
Reflectivity values in the Median Filter donmain.

Foll ow ng the conpl etion of these three CLUTTER REMOVAL Al gorithm
| ogi cal functions, the resulting conposite polar Reflectivity
data arrays are remapped onto a 4 X 4 kilonmeter (116 X 116

el ement) rectangular grid to build the Conposite Reflectivity
(Cutter Renoved) and | ow | evel Layer Conposite Reflectivity
(Cutter Renoved) products. The remapping is performed by
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assigning the maxi mum val ue fromeach polar array elenment in the
4 X4 kmgrid to be the grid val ue.

1.2 SOURCE

The CLUTTER REMOVAL al gorithm was devel oped for the Federal

Avi ation Adm nistration (FAA) by the Massachusetts Institute of
Technol ogy Lincoln Laboratory (M T/LL).

REFERENCES

Pace, D. J. (not the actual author) 1996 MT/LL algorithm
description for AP mtigation.

1.3 PROCESSI NG ENVI RONVENT

The CLUTTER REMOVAL processing w il be perfornmed using base data
prelimnary to the construction of the Conposite Reflectivity (AP
Renoved) products.

| NPUTS

2.1 | DENTI FI CATI ON

LAYER COMPCSI TE (Low Maxi mum vertical extent of |ow |evel

Level - Height) Layer Conposite above sea |evel.
Precise to 1 ft. Default 24,000 ft.
Range 6,000 - 58,000 ft.

THRESHOLD (M ni mum = Mnimumreflectivity limt bel ow

Refl ectivity) whi ch no CLUTTER REMOVAL processi ng
need be perfornmed. Precise to 0.5
dBZ. Default 10.0 dBZ. Range 5.0 -

20. 0 dBz.
THRESHOLD (Al titude = Altitude bounding the top of Region
- OMT ALL) 1. Precisetol m Default 1.0 km

Range 0.0 - 5.0 km
Al titude bounding the top of Region

THRESHOLD (Al titude

- ACCEPT 1 F) 2. Preciseto 1l m Default 3.0 km
Range 0.0 - 10.0 km

THRESHOLD ( Range - = CQuter range boundi ng Region 1.

OM T ALL) Precise to 1 km Default 45 km
Range 1 - 100 km

THRESHOLD ( Range - = CQuter range bounding region 2.

ACCEPT | F) Precise to 1 km Default 103 km

Range 0 - 300 km
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THRESHOLD (Range -
REJECT | F)

THRESHOLD ( El evati on
Angl e - ACCEPT | F)

THRESHOLD ( El evati on
Angl e - REJECT IF)

THRESHOLD ( Vel ocity
- Weat her)

THRESHOLD ( Spectrum
Wdth - Wat her)

THRESHOLD ( Vel ocity
- Clutter)

THRESHOLD ( Spectrum
Wdth - Cutter)

FLAG ( Extend
Clutter)

THRESHOLD (Extend -
Range Gates)

THRESHOLD ( Ext end -
Reflectivity
Di fference)

FLAG (Filter Qutput
Refl ectivity)

Qut er range boundi ng regi on 3.
Precise to 1 km Default 230 km
Range 0 - 300 km

El evati on angl e boundi ng the top of

region 2. Precise to 0.1 deg.
Default 0.5 deg. Range 0.0 - 5.0
deg.

El evati on angl e boundi ng the top of

region 3. Precise to 0.1 degrees.
Default 5.0 deg. Range 0.0 - 15.0
deg.

Lower |imt in absolute val ue of

Doppl er velocity used to test for
weat her. Precise to 0.5 m's.
Default 1.0 nmls. Range 0.0 to 5.0
ns.

Lower |imt in value of Spectrum
Wdth used to test for weather.

Precise to 0.5 nis.
Range 0.0 - 5.0 nis.

Upper |imt in absolute val ue of
Doppl er velocity used to test for

clutter. Precise to 0.5 nis.
Default 1.0 ms. Range 0.0 - 5.0
ns.

Upper |imt in value of Spectrum

Wdth used to test for clutter.
Precise to 0.5 nis.
Range 0.0 - 5.0 nis.

Det erm nes whether to extend the
CLUTTER identification into range
anbi guous regi ons.

Range Iimt for extending CLUTTER
identification. Precise to 1 range
gate. Default 4 gates.
gates.

Maxi mum reflectivity difference
allowed to extend CLUTTER
identification. Precise to 0.5 dBZ.
Default 10.0 dBZ. Range 0.0 - 30.0
dBZ.

Det erm nes whether to filter output
Refl ectivity products.
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3.0

THRESHOLD (Filter - The nunber of range gates (+/-) to be

Nunber Range Gates) used for filtering the output
Reflectivity products. Precise to 1
range gate. Default 1 gate. Range O

- 5 gates.
THRESHOLD (Filter - = The maxi num di stance bet ween adj acent
Cross Range) radials for azimuthally filtering

out put Reflectivity products.
Defines the range limt of azinuthal
filtering. Precise to 1 m Default
2.0 km Range 0.0 - 10.0 km

Base Data = Individual radials containing
Refl ectivity and Doppler (Velocity
and Spectrum W dth) data.

Gid Size = Rectangul ar product grid size.
Precise to 1 kil oneter.

2.2 ACQU SITION

LAYER COMPCSI TE (Low Level - Height), THRESHOLD (M ni mum
Reflectivity), THRESHOLD (Altitude - Region 1), THRESHOLD
(Al'titude - Region 2), THRESHOLD (Range - Region 1), THRESHOLD
(Range - Region 2), THRESHOLD (Range - Region 3), THRESHOLD

(El evation angle - Region 2), THRESHOLD (El evation angle - Regi on

3), THRESHOLD (Velocity - Region 2), THRESHOLD ( Spectrum Wdth -
Regi on 2), THRESHOLD (Velocity - Region 3), THRESHOLD ( Spectrum
Wdth - Region 3), FLAG (Extend Clutter), THRESHOLD (Extend -

Range Gates), THRESHOLD (Extend - Reflectivity Difference), FLAG

(Filter Qutput Reflectivity), THRESHOLD (Filter - Nunber Range
Gates), and THRESHOLD (Filter - Cross Range) are adaptable
paraneters defined in the...file.

Base Data radials (Reflectivity and Doppl er data) are obtained
fromthe Base Data processing routine.

PROCEDURE

3.1 ALGORI THM

BEG N ALGORI THM ( CLUTTER REMOVAL)

1 DO FOR ALL Tilts
COWMPUTE Range limts for Region 1 - OMT ALL, Region 2 -
ACCEPT I F, and Region 3 - REJECT IF.
COWUTE Range to top of Low altitude Layer
1.1 DO FOR ALL Azinuths
READ Base Dat a
COVWPUTE Azi mut h (\Whol e Degrees)
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| DENTI FY CLUTTER

DO FOR ALL Ranges

1.1.1
1.1.1.1 IF (Range within Region 1)

THEN
SET FLAG (Reflectivity

1.1.1.2 ELSE | F (Range within Regio

1.1.1.2.1

THEN
COMPUTE FLAG (Weat her _

I E (FLAG (Wat her _Bi n)
THEN
SET FLAG (Refl ect
Clutter
END | F

1.1.1.3 ELSE | F (Range within Regio

THEN
COVPUTE FLAG (d utter

1.1.1.3.1 IF (FLAG (Clutter _Bin)
THEN
SET FLAG (Refl ect
Clutter
END | F
END | F
END DO

EXTEND CLUTTER

1.

1.
1.

1.

1.
1

2

| FE (FLAG (Extend Clutter) = True)
THEN
1 DO FOR ALL Ranges within Region 3
2 IF (FLAG (Reflectivity Bin - Range) = Clutter)
THEN
2.1 DO FOR ALL Extended Range Bins from (Range + 1)
to (Range + THRESHOLD (Extend Range Gates))
COMPUTE (Reflectivity D fference)
.2.1.1 IF ((Reflectivity Difference) |ess than or
equal to (THRESHOLD (Extend Reflectivity
Di fference))
THEN
COMPUTE ( FLAG (Weat her _Bin))
.2.1.1.1 I E (FLAG (Weat her _Bin) = Fal se)

THEN

Bin - Range)) = Cutter
n 2)

Bi n)
= Fal se)

ivity Bin - Range))

n 3)

Bi n)
= True)

ivity Bin - Range))

SET FLAG (Reflectivity Bin - Range)

= Clutt

er

END | F (FLAG (Weat her _Bin))

END | F (Reflectiv
END DO ( Range Bi ns)
END | F (FLAG (Reflectivit
END DO ( Ranges)
END | F (FLAG (Extend Clutter))

ity Dfference)

y Bin - Range))

BU LD COMPCSI TE POLAR REFLECTI VI TY DATA ARRAYS
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1.1.3 DO FOR ALL Ranges
1.1.3.1 IF (FLAG (Reflectivity Bin (Range)) not equal to
Clutter AND (Reflectivity data (Range) greater than
Conmposite Reflectivity (Azi nuth (Wol e Degrees),
Range) )
THEN
SET Conposite Reflectivity (Azinmuth (Wole
Degrees), Range) = Reflectivity data (Range)
END | F
1.1.3.2 IF (FLAG (Reflectivity Bin (Range)) not equal to
Clutter AND (Range less than or equal to Range to top
of Low altitude Layer) AND (Reflectivity data (Range)
greater than Layer Conposite (Azinuth (Wol e Degrees),
Range) )
THEN
SET Layer Conposite (Azinmuth (Wol e Degrees),
Range) = Reflectivity data (Range)
END | F
END DO ( Ranges)
END DO ( Azi nut hs)
END DO (Tilts)

SMOOTH REFLECTI VI TY DATA

2 |EF (FLAG (Filter Qutput) = True)

THEN
COWUTE (Range to THRESHOLD (Filter - Cross Range)
2.1 DO FOR ALL Ranges from1 + (THRESHOLD (Filter - Number

Range Gates) to maxi num Range - THRESHOLD (Filter -
Nunmber Range Gates)
2.1.1 DO FOR ALL Azi mut hs (Whol e Degrees)
COMPUTE Conposite Reflectivity Median (Azi nuth
(Whol e Degrees), Range)
COMPUTE Layer Conposite Medi an (Azimuth (Whol e
Degrees), Range)
END DO
END DO
2.2 DO FOR ALL Ranges from1 + (THRESHOLD (Filter - Number
Range Gates) to maxi num Range - THRESHOLD (Filter -
Nunmber Range Gates)
2.2.1 DO FOR ALL Azi mut hs (Whol e Degrees)
REPLACE Conposite Reflectivity (Azinuth (Wole
Degrees), Range) with Conposite Reflectivity Median
(Azi mut h (Whol e Degrees), Range)
REPLACE Layer Conposite (Azinmuth (Wole Degrees),
Range) with Layer Conposite Median (Azi nuth (Wol e
Degrees), Range)

REVMAP POLAR ARRAYS TO RECTANGULAR GRI DS
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3 DO FOR ALL Azimut hs (Wol e Degrees)
3.1 DO FOR ALL Ranges
3

COMPUTE Rectangul ar Gid coordinates (X, Y)
.1.1 | F (Conposite Reflectivity (Azi muth (Wol e Degrees),
Range) greater than Conposite Reflectivity Gid (X YY)
THEN
SET Conposite Reflectivity Gid (X, Y) = Conposite
Reflectivity (Azimuth (Whol e Degrees), Range))
END | F
3.1.2 | F (Layer Conposite (Azinmuth (Wole Degrees), Range)
greater than Layer Conposite Gid (X YY)
THEN
SET Layer Conposite Gid (X, Y) = Layer Conposite
(Azi mut h (Whol e Degrees), Range))
END | F
END DO
END DO

END ALGORI THM ( CLUTTER REMOVAL)

3.2 COWPUTATI ON
3.2.1 NOTATI ON

R. = Range to top of Low altitude Layer. In kiloneters.
Ht = LAYER COWPCSI TE (Low Level - Height). 1In neters.
Ht < = Height (MSL) of radar. In neters.
ER: = FEffective Earth radius (1.21 * 6371 kn). In tenths
of a kiloneter.
N = FElevation angle. 1In tenths of a degree.
Riin = Range - THRESHOLD (Extend Range Gates). In
kil ometers.
Rax = Range + THRESHOLD (Extend Range Gates). In
kil ometers.
2w = Azimuth (Whol e Degrees).

Note: Precision will be units specified unless otherw se stated
3.2.2 SYMBOLI C FORMULAS
COMPUTE Range Limts

For Region 1 - OMT ALL.

M ni nrum Range 1 kilometers
Maxi mum Range THRESHOLD (Range - OM T ALL)
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For Region 2 - ACCEPT IF
M ni rum Range = THRESHOLD (Range - OM T ALL)
Maxi mum Range THRESHOLD (Range - ACCEPT | F)

For Region 3 - REJECT IF
M ni nrum Range THRESHOLD (Range - ACCEPT | F)
Maxi mum Range THRESHOLD (Range - REJECT I F)

COWUTE Range to top of Low altitude Layer

6 . 9
T-49nf -
g =

& 2
R.=ER’ g\/(sinf ‘ sjnf)f(HtLL- Ht)’ =

¢
e

Wer e:
R, = Range to top of Low altitude Layer
Ht ., = LAYER COWPCSI TE (Low Level - Height)
Hr = Height (MSL) of radar
ER: = Effective Earth radius (1.21 * 6371 km
N = El evation angle

Note, this logic is based on the RPG B5 Specifications,
section 3.2.3.2.3 Meteorological Algorithns.

COVWPUTE Azi mut h (\Whol e Degrees)

Azi mut h (Wol e = Nearest whole integer of Base Data
Degr ees) Azi mut h

COMPUTE FLAG (Weat her _Bin)

FLAG (Weat her _Bi n) = True | F both the follow ng statenents
are true:

1) At |east one of the four Doppler data (Range) bins
contains a velocity value greater than or equal to THRESHOLD
(Velocity - Weather) OR a spectrum w dth val ue greater than
or equal to THRESHOLD (Spectrum Wdth - \Wat her)

2) None of the four Doppler data (Range) bins contains both
a velocity value |less than THRESHOLD (Velocity - Clutter)
AND a spectrumw dth val ue | ess than THRESHOLD ( Spectrum
Wdth - Cutter)

COVPUTE FLAG (d utter Bin)
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FLAG (Clutter_Bin) = True | F at |east one of the four
Doppl er data (Range) bins contains
both a velocity value | ess than
THRESHOLD (Vel ocity - Clutter) AND a
spectrum wi dt h val ue | ess than
THRESHOLD (Spectrum Wdth - Cutter)

COVMPUTE Reflectivity Difference

Refl ectivity = Absolute Value (Reflectivity data
Difference (Range) - Reflectivity data (Extended
Range) )

COWUTE Range to THRESHOLD (Filter - Cross Range)

Range to THRESHOLD = THRESHOLD (Filter - Cross Range)
(Filter - Cross di vided by the sine of 1 degree.
Range)

COWUTE Conposite Reflectivity Median (Azi muth (Wol e Degrees),
Range)

Conposi te = Medi an value of an Array of Conposite
Reflectivity Median Refl ectivity val ues centered at
(Azi mut h (Wol e Degrees), Range).

The Medi an value is conputed as foll ows:
1) The Array is defined:

DO FOR ALL Ranges = R;, t0 R
IF (Range | ess than or equal to Range to THRESHOLD
(Filter - Cross Range)
THEN
DO FOR AzAngle = 2,,- 1 to 2, + 1
ASSI GN val ue of Conposite Reflectivity
(AzAngl e, Range) to Array

END DO
ELSE
ASSI GN val ue of Conposite Reflectivity (24 Range)
to Array
END | F
END DO
Wer e:
Ri» = Range - THRESHOLD ( Ext end Range Gates)
Rex = Range + THRESHOLD ( Ext end Range Gates)
2w = Azi nut h (Whol e Degrees)

2) The Array is sorted by Reflectivity data val ue.
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4.0

5.0

3) The Median value is defined to be the m ddle val ue of the
sorted Array.

COWMPUTE Layer Reflectivity Median (Azi nuth (Wol e Degrees,
Range) )

Layer Reflectivity = Medi an value of an Array of Layer

Medi an Refl ectivity val ues centered at
Azi mut h (Whol e Degrees, Range). The
Medi an val ue is conputed as descri bed
in the three steps in the previous
COMPUTE, except using the Layer
Reflectivity (Az, Range) val ues.

COMPUTE Rectangul ar Gid coordinates (X, )

X = Range” singw/Grid_Sze
and
Y = Range” cosgw / Grid_Sze
Wer e;
2w = Azi mut h (Wol e Degrees)
X and Y are integers where:
X is positive for Azimuth > 0 and Azimuth < 180 degrees and
Y is negative for Azinmuth > 90 and Azi nuth < 270 degrees.

QUTPUTS

4.1 | DENTI FI CATI ON

The Conposite Reflectivity Gid and Layer Conposite Gid are
out put as products.

4.2 DI STRI BUTI ON

To Principal User Processors (PUPs) and ot her users.

| NFERENCES
5.1 LIMTATIONS

The techniques used in this algorithmto identify Cutter

contam nation are rudi nentary and nay be based on assunptions of
range and Doppl er data characteristics that do not accurately or
precisely identify Clutter contamnation. It is possible that
valid precipitation echoes may be renoved and that regions of the
resulting Reflectivity data fields may be contam nated by
residual Cutter.

The products generated by this algorithmwere designed primarily
for use Air Traffic Control personnel.
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5.2 FUTURE DEVELOPMENTS

Enhanced Clutter identification techniques are expected to becone
operational in the near future based on work at the Nati onal
Center for Atnospheric Research (anong others). These should be
applied to inprove the Conposite Reflectivity products.

It is expected that the WoR-88D will be nodified to produce
polarinmetric radar data within the next several years.
Polarinetric data offers significantly inproved capability to
renmove Clutter contam nation from weat her radar dat a.
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