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Clutter Filtering Challenges

Conventional ground clutter filters discriminate between clutter and
weather based on radial velocity.

- When clutter and weather have sufficiently different velocities,
they work very well.
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« When the weather velocity is near zero, clutter filtering can affect
the estimates of meteorological variables.
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«  Clutter filtering is also difficult when collecting a small number of
pulses (e.g., detection scans, beam multiplexing), techniques that
could be useful on a phased array
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Christopher Curtis

NWRT as a Proof-of-Concept

Is there another way to discriminate between clutter and weather
signals?
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Combining multiple channels from antennas at different positions
allows spatial filtering.

. Spatial filtering is a method of adaptive beamforming that
discriminates based on position in space.

. Antenna pattern can be changed to reduce sensitivity in certain
directions (nulling).
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NWRT Multi-Channel Resulis

By properly combining the channels, ground clutter can be removed
using spatial filtering.
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Modern Active Arrays

Modern active arrays such as the Advanced Technology
Demonstrator provide more channels and a different array geometry,
leading to new research opportunities.
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PAR to the Rescue: Improving Clutter Mitigation with Adaptive Beamforming
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Clutter Filtering Challenges

Conventional ground clutter filters discriminate between clutter and
weather based on radial velocity.

- When clutter and weather have sufficiently different velocities,
they work very well.
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« When the weather velocity is near zero, clutter filtering can affect
the estimates of meteorological variables.
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«  Clutter filtering is also difficult when collecting a small number of
pulses (e.g., detection scans, beam multiplexing), techniques that
could be useful on a phased array
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Christopher Curtis

NWRT as a Proof-of-Concept

Is there another way to discriminate between clutter and weather
signals?
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Combining multiple channels from antennas at different positions
allows spatial filtering.

. Spatial filtering is a method of adaptive beamforming that
discriminates based on position in space.

. Antenna pattern can be changed to reduce sensitivity in certain
directions (nulling).

Two-Way Antenna Patterns Main and Modified Antenna Patterns

10 T T T T 1 10 T T T T
- Main Antenna Main Antenna
) Sidelobe Antenna Adaptive Beamforming
—‘D

Q 5k = o 51 i

ko) ko3

& 5]

c

< b

S : 5

T > © >

@ = >

£ o — : ?

_5 | 1 ik | 1 L | L
-120 -100 -80 -60 -40 -20 0 :?20 -100 -80 -60 -40 20 0
Relative Power (dB) Relative Power (dB)

. N v
g AW ST AR e iR
=S PR e

Nng Clutter Mitigation with Adaptive Beamforming

R p——— — - > - . .
- -
o i R B G A ~—=- O BT .
- e Tl A :-3. g PR
— . e 3 - - Pl ‘-,, : 4“‘».‘ . i ..w“"“- - S e e
r, - P P . W -~ - -

- - < S

B ," e
- . > - . T - - . .
- Sy — -~ & sl -
o o ey 31’. » B A o . -
- ) . LN -
Sy -~ : .ﬁ.\’-
n \' . - S
- + L - _

e SRS

e

3 ~
- e

NWRT Multi-Channel Resulis

By properly combining the channels, ground clutter can be removed
using spatial filtering.
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Modern Active Arrays

Modern active arrays such as the Advanced Technology
Demonstrator provide more channels and a different array geometry,
leading to new research opportunities.
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Clutter Filtering Challenges

Conventional ground clutter filters discriminate between clutter and
weather based on radial velocity.

- When clutter and weather have sufficiently different velocities,
they work very well.
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« When the weather velocity is near zero, clutter filtering can affect
the estimates of meteorological variables.
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«  Clutter filtering is also difficult when collecting a small number of
pulses (e.g., detection scans, beam multiplexing), techniques that
could be useful on a phased array
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Christopher Curtis

NWRT as a Proof-of-Concept

Is there another way to discriminate between clutter and weather
signals?
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Combining multiple channels from antennas at different positions
allows spatial filtering.

. Spatial filtering is a method of adaptive beamforming that
discriminates based on position in space.

. Antenna pattern can be changed to reduce sensitivity in certain
directions (nulling).
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NWRT Multi-Channel Resulis

By properly combining the channels, ground clutter can be removed
using spatial filtering.

Radial Velocity - Main Antenna Radial Velocity - Adaptive Beamforming

Spectrum with Clutter and Weather Signals Computed from Collected Data
T I | [ T |

60 60 | - - ——
Main Antenna
Adaptive Beamforming
50 50 |
—_ ~~
e S
x40 x40 F
(]
g S 8
z b b
(] 177} .(Q -
§ é 30 a 30 b )
B , 7 © © s
| g S -
i . S S .-
| N f = 20 F = 20 .
j [ (8] * e
10 [ a = = = =
’ f \é‘l "
' ( ‘ ) 10 | 10 | i
0+ _
[ | !
| | | I | O 1 I | 0 1 1 1
-25 -20 -15 -10 -5 10 15 20 25 20 -10 0 20 -10 0

0
Velocity (m/s)

Zonal Distance (km) Zonal Distance (km)

Modern Active Arrays

Modern active arrays such as the Advanced Technology
Demonstrator provide more channels and a different array geometry,
leading to new research opportunities.

3
2
. ——&
& @
. & —o—o &
E o —— ——
> ) ——P )
' & &
——&
-2
-3
-3 2 1 0 1 2 3
x (m)




%

PAR 1O ’rhe Re

4 NSSL Lab Review Feb 25-27, 2015

. = *ﬁ‘ ) ,3, ,.;"i‘ =3Ol _"“ s _‘ =

— —

ﬁa ‘.’- | - - & , SR b2 ~. A .
l 7 Vs - - _‘.~

-

- - < - ——-

- o b \F\vo -
‘l.

q- —m‘ Q‘».-.v R o A pateol
"srvs M o f w-;

SCUe: Improvmg Clu’r’rer Iv\|’r|gc1’r|on with Adophve Bequcrmmg

Main and Modified Antenna Patterns

10 . | | .
—— Main Antenna
5 Adaptive Beamforming
>
= 5t -
@
@)
-
<C
-
O
T >>
O
i 0 Nl ,
_5 ! ! ! !
-120 -100 -80 -60 -40 -20 0

Relative Power (dB)




i

_V-”"’.'

- et :-

Clutter Filtering Challenges

Conventional ground clutter filters discriminate between clutter and
weather based on radial velocity.

- When clutter and weather have sufficiently different velocities,
they work very well.
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« When the weather velocity is near zero, clutter filtering can affect
the estimates of meteorological variables.
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«  Clutter filtering is also difficult when collecting a small number of
pulses (e.g., detection scans, beam multiplexing), techniques that
could be useful on a phased array
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Christopher Curtis

NWRT as a Proof-of-Concept

Is there another way to discriminate between clutter and weather
signals?
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Combining multiple channels from antennas at different positions
allows spatial filtering.

. Spatial filtering is a method of adaptive beamforming that
discriminates based on position in space.

. Antenna pattern can be changed to reduce sensitivity in certain
directions (nulling).
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NWRT Multi-Channel Resulis

By properly combining the channels, ground clutter can be removed
using spatial filtering.
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Modern Active Arrays

Modern active arrays such as the Advanced Technology
Demonstrator provide more channels and a different array geometry,
leading to new research opportunities.
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Clutter Filtering Challenges

Conventional ground clutter filters discriminate between clutter and
weather based on radial velocity.

- When clutter and weather have sufficiently different velocities,
they work very well.
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« When the weather velocity is near zero, clutter filtering can affect
the estimates of meteorological variables.
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«  Clutter filtering is also difficult when collecting a small number of
pulses (e.g., detection scans, beam multiplexing), techniques that
could be useful on a phased array
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Christopher Curtis

NWRT as a Proof-of-Concept

Is there another way to discriminate between clutter and weather
signals?

Sidelobe Canceller Locations on Array Face

AUX4 (CH7)
gure ., B a5 ,
No Connec tion N~ ey , = AUX3 (CH6)
s e T e oAy
L T gﬁj- - L e
AUXS5 (CH8) AUX1 (CH4)
>

AUX2 (CH5)

Combining multiple channels from antennas at different positions
allows spatial filtering.

. Spatial filtering is a method of adaptive beamforming that
discriminates based on position in space.

. Antenna pattern can be changed to reduce sensitivity in certain
directions (nulling).
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Nng Clutter Mitigation with Adaptive Beamforming
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NWRT Multi-Channel Resulis

By properly combining the channels, ground clutter can be removed
using spatial filtering.
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Modern Active Arrays

Modern active arrays such as the Advanced Technology
Demonstrator provide more channels and a different array geometry,
leading to new research opportunities.
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PAR to the Rescue: Improving Clutter Mitigation with Adaptive Beamforming
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Clutter Filtering Challenges

Conventional ground clutter filters discriminate between clutter and
weather based on radial velocity.

- When clutter and weather have sufficiently different velocities,
they work very well.
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« When the weather velocity is near zero, clutter filtering can affect
the estimates of meteorological variables.
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«  Clutter filtering is also difficult when collecting a small number of
pulses (e.g., detection scans, beam multiplexing), techniques that
could be useful on a phased array
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Christopher Curtis

NWRT as a Proof-of-Concept

Is there another way to discriminate between clutter and weather
signals?
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Combining multiple channels from antennas at different positions
allows spatial filtering.

. Spatial filtering is a method of adaptive beamforming that
discriminates based on position in space.

. Antenna pattern can be changed to reduce sensitivity in certain
directions (nulling).

Two-Way Antenna Patterns Main and Modified Antenna Patterns
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NWRT Multi-Channel Resulis

By properly combining the channels, ground clutter can be removed
using spatial filtering.
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Spectrum with Clutter and Weather Signals Computed from Collected Data
T I | [ T |

60 60 | - - ——
Main Antenna
Adaptive Beamforming
50 50 |
—_ ~~
e S
x40 x40 F
(]
g S 8
z b b
(] 177} .(Q -
§ é 30 a 30 b )
B , 7 © © s
| g S -
i . S S .-
| N f = 20 F = 20 .
j [ (8] * e
10 [ a = = = =
’ f \é‘l "
' ( ‘ ) 10 | 10 | i
0+ _
[ | !
| | | I | O 1 I | 0 1 1 1
-25 -20 -15 -10 -5 10 15 20 25 20 -10 0 20 -10 0

0
Velocity (m/s)

Zonal Distance (km) Zonal Distance (km)

Modern Active Arrays

Modern active arrays such as the Advanced Technology
Demonstrator provide more channels and a different array geometry,
leading to new research opportunities.

3
2
. ——&
& @
. & —o—o &
E o —— ——
> ) ——P )
' & &
——&
-2
-3
-3 2 1 0 1 2 3
x (m)




