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@ Chaff and Weather Radar

 False weather returns cause
issues for radar users

« Co-existence of chaff and
weather is particularly
problematic

« Chaff “clouds” may be
undesirable to fly through

* Mixed cases can be discerned
via ZDR! q>DP! and PHv

* Flight controllers don’t have
access to polarimetric
estimates

Reflectivity Factor (Z)
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Chaff and Weather Radar

False weather returns cause
issues for radar users

Co-existence of chaff and
weather is particularly
problematic

Chaff “clouds” may be
undesirable to fly through

Mixed cases can be discerned
via ZDR! (DDP! and PHv

Flight controllers don’t have
access to polarimetric
estimates

Effective chaff detection is a
useful and desired tool

Differential Phase (®Ppp)
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Zpr = Differential Reflectivity
@, = Differential Phase
puy = Correlation Coefficient
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@ Current HCA Output for Chaff

Big Drops Dry Snow Biologicals
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HCA output from the 12 February 2016 chaff event
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@ CDA Approach and Goals
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CDA Flow Diagram
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]:[ Steps Through a Case: 4/19/19 - KBYX

Horizontal Reflectivity Factor (dBZ)
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@ Image Processing Algorithm

* Desire for a smooth product

* Processing consists of 7 steps:

1. Calculate ACA output including
new chaff class

Separation of IN and non-IN
Median filtering

Dilation and Closing L N\ \ /A
Clustering and Thresholding VNN X NN S
Filtering of Wet Classes N\ e " |
Dilation and Closing T NS S

NS oD

Goal is to transform sparse IN E_Q_ o s
detections into operable clusters

ST Velume gy mEN X
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@ SVM Framework

Human-truthed chaff and clutter cases

Data are clustered into cells for analysis as a group of pixels

An SVM framework of cells is used for training

The SVM output is applied to new cells for classification

rFEEEEEEEEEEEE ™ Statistical Tests on Each Cluster
Regional Statistics

Case
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5th Percentile

Median

95th Percentile
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& SVM Output and De-Flickering
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[8] case Example: 04/18/2019 - KBYX

Graphic Product Display Screen 1 (CVG 9.2) (on orpg06) =g

Screen | Large — Product: ID : Buffer 0153: SR_BREF8BIT Screen | La =, Product: ID : Buffer 1965: ACBBIT
! | targe | Name (PCode) SDR (153) . | Large | Namo (PCode) AHC (1965)
4B || TAB| - 2019/04/18-12:46:33 Vol #11 E10.5#1VCP215AB]| TAB| | 2019/04/18-12:46:33 Vol #11 E10.5#1 VCP 215
Super R Site: [KBYX] ( WSR-88D) Res 0.13nm ( 250m) A Data Array Product: 256 level /0.13 Site: [KBYX] ( WSR-88D) Res 0.13nm (250m)
- - S 2 : — N 2

a8z —

Image Control lay Attribmimation Optio | nimation Contr Image Control lay Attribnimation Optio | nimation Contr

Large Image — |g& Az s FarVal it Fild | <] &7 pink I3 Large Image — |g& Az s FotVnl et Bill | <l &7 pink 13
- = st S

sizevum — juspror — | Volume gy sizevum — juspron — | Volume Ty NN X

WSR-88D Chaff Detection Algorithm - 11 LINCOLN LABORATORY

JMK' 04/29/19 MASSACHUSETTS INSTITUTE OF TECHNOLOGY



|[&] case Example: 04/18/2019 - KBYX
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|&] case Example: 05/09/2018 - KNKX
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]:[ Case Example: 05/06/2016 - KDOX
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[g] case Example: 06/06/2016 - KAMX
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Case Example: 05/29/2018
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Case Example: 02/28/2017 - KLNX
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Case Example: 08/02/2016 - KBYX

Graphic Product Display Screen 1{CVG 9.2) (on orpgvme) - =
Screen. | Large — | Product: 1D : Buffer 0153 SR_BREFRBIT
i ] ! Name (PCode) SDR (153)
AB|| TAB| 2016 5 Valel Elo5#1 VCP212

B80) Res 0.13nm ( 250m)

Image Control oy Attrib nimation Optio | almation Contr
el e | oy

Volume -y |

Product: 1D : Buffer 1987: CHF

Name (PCode} CHF (1987}

201 6/0B/02- 16 5 Volel Elo.o#1 VCP 212
il (250m)

Sereen | Large
|:aB] | TAB|
Chaff Detection

Image Control lay Attrib.nimation Opto | aimaton Contr
L L EROF T B |

Volume gy W X

WSR-88D Chaff Detection Algorithm - 18
JMK 04/29/19

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



[8] case Example: 08/02/2016 - KBYX
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@ Sea Clutter and Weather Radar

« A common source of errors for
the chaff algorithm

« Beam is refracted and returned
from waves on water

* Motion of waves precludes
Doppler filtering

« Similar characteristics in the
polarimetric fields to chaff

Reflectivity Factor (Z)
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@ Sea Clutter and Weather Radar

« A common source of errors for
the chaff algorithm

« Beam is refracted and returned
from waves on water

* Motion of waves precludes
Doppler filtering

« Similar characteristics in the
polarimetric fields to chaff

Differential Phase (®Ppp)
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Sea Clutter False Alarm Example
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Sea Clutter False Alarm Example

Screen | Large —

IAB]| TAB|

Chaff Cluster Output

Product: 10 : Buffer 1988: CHC

Name (PCode) CHC (1968)
2019/04/10-16:1 2157 Vaol#1 El.
Site: [KERD] { WSR-88D) Res 0.

Image Control  lay Anribnimation Optio | nimaton Contr

Lorge Image — |glAx —oBerVol i Gl <l pjpk 1]
T nceoum — uspoo — | Volume gy | X

Screen | L - Product: 1D : Buffer 1987: CHF
_I"“" Name (PCode) CHE (1987)

AR | TAB| 2019/04/10-16:1 257 Val# 1 El 0.0 # 1 VOP a5
Chaff Detection _ Sites [KBRO] { WSR-88D) Res 0 m}

CDA False
Alarm

= i
Image Control  lay Anribnimation Optio | nimaton Contr

Lorge Image — |glAx —oBerVol i Gl <l pjpk 1]
T nceoum — uspoo — | Volume gy | X

WSR-88D Chaff Detection Algorithm - 23
JMK 04/29/19

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



@ Sea Clutter Detection Algorithm in ORPGSim
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Future work that Lincoln Laboratory
is well-poised to take on

Hydrometeor Classification - 20:23:38 UTC

\:b SC

-1

=79

WSR-88D Chaff Detection Algorithm - 24
JMK 04/29/19

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



@ Summary

* Developed a chaff detector based on a modified
HCA (ACA) and an image processing algorithm

« Compiled and analyzed chaff distributions
* Optimized IN class weights for ACA

* Implemented an image processing module for
clustering and filtering

» Applied SVM classification to separate out clutter

» Designed de-flickering technique using a
5-volume-window composite chaff product

* Tested extensively on “live” ORPG sites with
tremendous detection and some false alarms

« POD measuring at over 92%, FAR below 7%
(initial testing with 15% SVM holdout)

WSR-88D Chaff Detection Algorithm - 25 POD = Probability of Detection LINCOLN LABORATORY

JMK' 04/29/19 FAR = False Alarm Rate MASSACHUSETTS INSTITUTE OF TECHNOLOGY



