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Motivation

e Currently: Only Detect AP clutter in RPG
— No “correction” only censoring of data

o Future: New fast radar processors (.g. rves) Which
make possible:

— Spectral processing with FFTs, etc
— Spectral clutter filters instead of time domain filters. Simply calculate the
spectrum and “notch out” zero and near zero velocity points

Real time detection and
correction of AP clutter




Motivation

Adaptive spectral clutter filters show great promise for
intelligently filtering clutter power while leaving weather
power largely unaffected.

However, these filters still remove weather power under the
fellewing clircumstances:

— the weather return has a
— the weather return has a

TIAis tends te eccur wWith Weather I the regien; o
the

IR Grder tor mibgate ther prellen, InleHMaticn ether them
that used By the ilters must e Used 1o determine Whether
clUter exists at a gate.




Little Rock, Arkansas
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Cheyenne, Wyoming
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Examples of clutter spectra mixed with weather
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. Signatures
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Weather has
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Feature fields

¢ In order to identify gates with clutter, we use a number of
so-called feature fields. These contain infermation which is
iIndependent off that used by the clutter filter.

¢ The feature fields used in the latest CMD version are:

— The off the reflectivity field —

— The oif the reflectivity, field. This Isia measure of how:
often the reflectivibty, gradient changes: sign.

— The o)f  WHICKNIS) a2 measure: i the
pulse-te-pulse staliliit/ el the returmed signai.




TEXTURE of reflectivity - TDBZ

¢ TDBZ is computed as the
mean of the squared
reflectivity difference
between adjacent gates.

snbeatns sngates

TDBZ =| % | % (dBZ; .-dBZ; _, |HN
s e ) 2] 1 1

TDBZ Is Computed at each Using data from these gates
gate alengl the: radial;, withr the
computation; centered on the
gate ol Interest.

T

¢ IDBZ at a gate s compuited Computed for this gate
Using the dBZ valuestior the 4
getes onr enther side el the
gete ol Interest.




TDBZ feature field

Example of TDBZ on a clear day — Denver Front Range NEXRAD - KFTG

Frame 21:10/13/2006 21:26 {21:26 to 21:27) 0.5 deCurrent Time: 10/27/2006 20:49 JJ | Frame 21:10/13/2006 21:26 {21:26 to 21:27) 0.5 deCurrent Time: 10/27/2006 21:04 JJ |
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SPIN of reflectivity

¢ The reflectivity SPIN Is a

¢

measure off how often the
gradient of reflectivity
changes sign aleng| the beam.

TThe SPIN Is computed at each
gate alengl the: radial;, using 4
gates on erther side, with the
computation; centered onl the

gate ol Interest.

SPINNST Rermalizecwitih
[ESPECT O IS maximuim
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SPIN feature field

Example of SPIN on a clear day — Denver Front Range NEXRAD — KFTG
(SPIN is noisy in low SNR regions, it is less noisy when weather is present)

Frame 21:10/13/2006 21:26 {21:26 to 21:27) 0.5 deCurrent Time: 10/27/2006 20:49 JJ |
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Clutter Phase Alignment - CPA

¢ In , the phase of each pulse in the time series for a
particular gate Is since the clutter does not

move much and is at a constant distance from the radar.
¢ In , the phase firom pulse te pulse Is

¢ In , the phase firom pulse te pulse
depending en the velecity: off the targets Within the
liuminatien; velume:




CPA — phasor diagrams for successive pulses

\

Moise or
weather with
non-zero velocity
Weather mixed
with clutter

Adding | and @ for a gate in a phasor diagram




CPA feature field

CPA is computed as the length of the cumulative phaser vector,
divided by the sum of the power for each pulse.

CPA Is computed at a single gate.
It IS a nermalized value, ranging frem O te 1.
In clutter, CPA IS typically abeve 0.95.

In weather, CPA is often close to O, but increases in weather with
a velocity close 16 0 andl & Rarreyw, spectrum Width:

In neise, CPAIS typically, less than 0.05.

CPAWAS erginaliy develeped as: a quality, contrel ield er clutier
targets used for relractiviby measureMERLS;




CPA feature field

Example of CPA on a clear day — Denver Front Range NEXRAD - KFTG

Frame 21:10/13/2006 21:26 {21:26 to 21:27) 0.5 deCurrent Time: 10/27/2006 20:49 JJ | Frame 21:10/13/2006 21:26 {21:26 to 21:27) 0.5 deCurrent Time: 10/27/2006 21:04 JJ |
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CPA appears to be a better d




Combining TDBZ, SPIN and CPA

The individual fields, TDBZ, SPIN and CPA, are
combined inte a single field using fuzzy logic.

First, each field is converted into an field,
Using a membership transfer function.

Interest fields have a range firem 0.0 te 1.0.
The lelds are assigned a

Tfhe Heldis compuitedras; a
e thelmdividual iterest: fields:




Membership functions

Interest |
value
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Creating combined interest field - CMD
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Clutter Ratio Narrow:

An additional field is computed from the spectrum in order
to lIimit use ofi the clutter filter to only these gates which
have a possibility of clutter.

Clutter Ratie Narrow: Is defined as the pewer in| the 3
spectral peints at 0 velecity divided by, the pewer In the
surreunding 4 spectral peints — I.e. 2 on either side.

Ratie Narrew! Isi net a good discriminater oiff CIUtier frem

Wweather, It Is; only/ used ter Identiiiy/ Whlch gates have the
Oif ClUitter.

If the ratio is less than 6 dB, it is inferred that clutter is not
pPresent: at thet gate:




Clutter Ratio Narrow:

RatioNarrow = Power in A / (Power in B + Power in C), expressed in dB

' spechiag_000,4_331,0_018,525, mag '

Power Spectrum
(one gate)

Velocity m/s




Clutter Ratio Narrow

Clutter Ratio Narrow on a clear day — Denver Front Range NEXRAD - KFTG

Frame 21:10/13/2006 21:26 {21:26 to 21:27) 0.5 deCurrent Time: 10/27/2006 20:49 JJ |
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Setting the clutter flag

To compute the clutter flag at each gate, we proceed through
the gates as follews:
Iff the Signal-te-Noise Ratio (SNR) < 3 dB, no clutter at this
gate, skip to next gate.
I Clutter Ratie Narrew < 6 dB, no clutter at this gate, skip
O neExt gate.

I CMIDr < 0.5), ne cluitter at: this, gate, skip ter the next gate:

@thervise; apply, clutter filiter at this gate:




Logic for setting the clutter flag




Example 1 : KETG 2006/10/26, 1200 UTC

Frame &: 10/26/2006 12:03 (12:03 to 12:04)
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Example 1 : KETG 2006/10/26

Value Exit

Frame 4: 10/26/2006 12:03 {12:03 to 12:04) Frame 4: 10/26/2006 12:03 {12:03 to 12:04) 0.5 deCurrent Time: 10/27/2006 20:42 |—JJJ
4|0 6|0 80 100

12[:15

Radial velocity Spectrum width




Example 1 : KETG 2006/10/26
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Example 1 : KETG 2006/10/26

\ e u ] E
Frame 4: 10/26/2006 12:03 {12:03 to 12:04) 0.5 deCurrent Time: 10/27/2006 20:43 |—JJJ Frame 4: 10/26/2006 12:03 {12:03 to 12:04) 0.5 deCurrent Time: 10/27/2006 20:43 |—JJJ
40 B0 8|0 100 -2 -100 : : 4|0 6|0 80 w00 120
: [CMD: 10/257




Example 1 : KETG 2006/10/26

Frame 4:10/26/2006 12:03 {12:03 to 12:04)
-60 -40 -20 0
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Example 1 : KETG 2006/10/26

®it
Frame &: 10/26/2006 12:03 (12:03 to 12:04) ent Time: 10/27/2006 20:42 TJJJ
-tz -0 -80 60 40 -20 4|0 GIO 8|0 100 120
10/ 006 12:02 s

12):15

Reflectivity again




Example 1 : KETG 2006/10/26
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Filtered reflectivity using CMD




What happens if we filter everywhere?
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Filtered reflectivity — applying clutter filter everywhere




Example 1 : KETG 2006/10/26

Frame 4: 10/26/2006 12:03 {12:03 to 12:04) Frame 4: 10/26/2006 12:03 {12:03 to 12:04)
1l|]l] 1|2l]

'IJ: ‘|£-I.‘Ih'
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Example 2 : KETG 2006/10/17, 2130/ UTC

Value ields... Y . Y Value

Frame 6: 10/17/2006 21:27 (21:27 to 21:28) 0.5 deCurrent Time: 10/27/2006 20:37 J | J Frame 3: 10/17/2006 21:26 (21:25 to 21:26) 0.5 deCurrent Time: 10/30/2006 19:10 |—JJJ
4|0 6|0 80 00 120 . : : . 4|0 6|0 80 00 120
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Example 2 : KETG 2006/10/1.7

Value ields.. 0 m ; Value

Frame 6: 10/17/2006 21:27 (21:27 to 21:28) l].5de(‘.urrentTime:1l]f27f2l]l]820:38J | J Frame 6: 10/17/2006 21:27 (21:27 to 21:28) l].5de(‘.urrentTime:1l]fZ7f2l]l]B20:38J | J
-1z0 -100 -80 6D 0 2p 40 6|0 80 100 2p 4|0 6|0 80 100
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Example 2 : Filtering everywhere

Value it ields... Y " h Movie... ¥
Frame 3: 10/17/2006 21:26 (21:25 to 21:26) 0.5 deCurrent Time: 10/30/2006 19:10 |—JJJ Frame 3: 10/17/2006 21:26 (21:25 to 21:26) 0.5
_1|20 _1|00 _Is[l _IG[l 1 1 1'I:":l 1|2|:I 1 1 1 1 0I 2p 4I0
] i 772008 _21:22_-;-‘:'_
== =y

n
gy

h '||I|I'Jf|l o

Filtered using CMD Filtered everywhere




Example 3 : KETG 2006/10/10, 1000 UTC

Value it \ m \ Movie... Value
Frame 7: 10/10/2006 09:57 (09:56 to 09:57) 0.5 deCurrent Time: 10/27/2006 20:32 |—JJJ Frame 7: 10/10/2006 10:00 {09:59 to 10:00) 0.5 deCurrent Time: 10/30/2006 19:06 |—JJJ
2p 4|0 6|0 80 w00 120 -0 -0 o800 -6D 40 20 2p 4|0 6|0 8|0 w00 120
[DBZF: 10/ 2006- 09:57¢ TR
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Reflectivity Filtered reflectivity




Example 3 : KETG 2006/10/10, 1000 UTC

Value it Y v ig, Value it

Frame 7: 10/10/2006 09:57 (09:56 to 09:57) 0.5 deCurrent Time: 10/27/2006 20:34 |—JJJ Frame 7: 10/10/2006 09:57 (09:56 to 09:57) 0.5 deCurrent Time: 10/27/2006 20:33 |—JJJ
100 -i20 -0 o800 -60 40 20 0 2p 4|0 6|0 80 w00 120

/Wgobs 09757 P
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CMD flag




Example 3 : KETG 2006/10/10, 1000 UTC

Value it ields.. \ Movie... Y
Frame 7: 10/10/2006 09:57 (09:56 to 09:57) 0.5 deCurrent Time: 10/27/2006 20:32 |—JJJ Frame 7: 10/10/2006 09:57 (09:56 to 09:57) 0.5
-2 -100 : 2p 4|0 6|0 8|0 w00 120 . : 2p 4|0 6|0 8|0 w00 120
/VEL: 10/ 7 @ i TSSO RN : . -7.. w TSSO RN

Velocity Filtered velocity




Example 3 : Filtering everywhere

Frame 7: 10/10/2006 10:00 {09:59 to 10:00) 0.5 deCurrent Time: 10/30/2006 19:06 |—JJJ Frame 7: 10/10/2006 10:00 {09:59 to 10:00) 0.5
-0 -0 o800 -6D 40 20 2p 4|0 6|0 80 100 120 -0 -80 -40  -20 0 2p 4|0 6|0 80
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Example 4 : KETG 2006/10/09, 2200 UTC

Frame 13:10/09/2006 22:12 ({22:12 to 22:13) 0.5 deCurrent Time: 10/27/2006 20:24 |—JJJ Frame 13:10/09/2006 22:12 ({22:12 to 22:13)
-2 -100 0 2p 40 6|0 80 w00 120 120 -0 -80 w00 120
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Reflectivity Filtered reflectivity




Example 4 : KETG 2006/10/09, 2200 UTC

Value it : M ovie... Y
Frame 13:10/09/2006 22:12 ({22:12 to 22:13) 0.5 deCurrent Time: 10/27/2006 20:25 |—JJJ Frame 13:10/09/2006 22:12 ({22:12 to 22:13) 0.5
120 -0 -80 . : 2p 4|0 6|0 80 w00 120 -120 -100 : -0 -20 0 2p 4|0 6|0 80 w00 120
[CMD: 107097 x 0572006 22:12 A

=TTy

CMD flag




Example 4 : KETG 2006/10/09, 2200 UTC

Value
Frame 13: 10/09/2006 22112 {22112 to 22:13) 0.5 deCurrent Time: 10/27/2006 20:25 |—JJJ Frame 13: 10/09/2006 22112 {22112 to 22:13)
120 -0 -80 -20 0 20 4|0 6|0 8|0 w00 120 120 -0 -80 : 20 4|0 6|0 8|0 w00 120
[VEL: 10/097 S [ VELF: 10/09

22[:15

Velocity Filtered velocity




Example 4 : Filtering everywhere

Value it
Frame 13:10/09/2006 22:12 ({22:12 to 22:13) 0.5 deCurrent Time: 10/30/2006 19:09 |—JJJ Frame 13:10/09/2006 22:12 ({22:12 to 22:13)
2p 40 6|0 80 w00 120 . : w00 120

22[:15 22[:15

Filtered using CMD Filtered everywhere




Example 5 : KETG 2006/09/21, 0530/ UTC

Value J
0.5 deCurrent Time: 10/27/2006 20:14 |—JJJ

-120 -100 —lIEll] —IGIJ —zlll] —|2l] ‘ ; -120 -100
[DBZ: 09/ 006 -05:33" [ DBZF :

=

" 05[:45

Reflectivity Filtered reflectivity




Example 5 : KETG 2006/09/21, 0530 UTC

Value J
0.5 deCurrent Time: 10/27/2006 20:15 |—JJJ

2p 4|0 6|0 80 w00 120 . : 8|0 w00 120

TR = TR
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Velocity Filtered velocity




Example 5 : Filtering everywhere

value | Exit | ields.. ovie. value |  Exit
0.5 deCurrent Time: 10/30/2006 19:05 |—JJJ 0.5 deCurrent Time: 10/30/2006 19:06 |—JJJ

120 -0 -80 | -2 | 4|0 GIO 80 ! | : : -0 -20 | 4|0 GIO 80
[DBZF: 09/ 5 W "}0‘94-2-]_.['2‘005

1
o
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Filtered using CMD Filtered everywhere




Example 6 : KETG 2006/09/21, 0300 UTC

value | Exit | ialds,, ovie. value | Exit

Frame 3: 09/21/2006 03:01 {03:01 to 03:02) 0.5 deCurrent Time: 10/27/2006 20:08 J | J Frame 3: 09/21/2006 03:02 {03:02 to 03:03) 0.5 deCurrent Time: 10/30/2006 19:04 |—JJJ
_1I20 _1I00 _Is[l Il 1 1 1 L ] 6I0 8I0
'DBZ: 17 5 I L o

i i II"I Rk 5 i i j : & .’ : i ek
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Reflectivity Filtered reflectivity




Example 6 : KETG 2006/09/21, 0300 UTC

Value it Y v ig, Value Exit
Frame 3: 09/21/2006 03:01 {03:01 to 03:02) 0.5 deCurrent Time: 10/27/2006 20:09 J | J Frame 3: 09/21/2006 03:01 {03:01 to 03:02) 0.5 deCurrent Time: 10/27/2006 20:09 J | J
4|0 6|0 80 w00 120 . 4|0 6|0 80 w00 120

TR 3 T TSR
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Velocity Filtered velocity




Example 6 : Filtering everywhere

Value it ields... Y oY e, Value Exit
Frame 3: 09/21/2006 03:02 {03:02 to 03:03) 0.5 deCurrent Time: 10/30/2006 19:04 |—JJJ Frame 3: 09/21/2006 03:02 {03:02 to 03:03) 0.5 deCurrent Time: 10/30/2006 19:05 |—JJJ
6|0 80 ! : . 4|0 6|0 80 w00 120

TR 3 TSR
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Filtered using CMD Filtered everywhere




Conclusions

CMD shows excellent skill in identifying gates with clutter
and avoiding gates with weather.

This latest version of CMD uses a single beam for its
computations — no adjacent beams are reguired.

The addition of the Clutter Phase Alignment (CPA) feature
feld has resulted in a marked improevement in; skill.

Altheugh the algoerithm 1s already perferming well, the
addien eff dual pelarzatien fields wWill'enhance the
relpUStness off the' algerithn.

The algenithmr s already, set up fer dual pelanzation fields;
andwas tested With geed resulitsiinrdualipelanzation moede
R SPOL threughoeul the 2006 summerr seasen duing the

REERACIH field experiment:
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