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FY2004 Progress

¢ RVPS8 Is Installed in parallel with the S-Pol
VIRAQ receiver/processor.

— Noew: can switch, at will, PRES between 320Hz
and 1250Hz. Both divisible by 10MHz (GPS)
and S6MHz (RVES IED sample) clocks.

— Assisted SIGMET in identifying phase: locking
pPrekliem:

: New: clecks/irred. synthesis installiea
Inter RVES DK cardl Avallalnle next moenia!
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Transmit phase angle of Long PRT (2.7 ms)
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FY2003 Progress

Collected and displayed RVVP8 A2 data
June, time series collected via Al recorder

Programmed and implemented SZ-1 Algo. on the 1Q PC. Real
Time!

Censoring off SZ-1 and SZ-2' Data
- Fuzzy legic with velocity texture inputs (Scott Ellis)
- Weak trip spectrall replica.  (Mike Dixon)

Delivery off SZ-1 Alge. te ROC on 15 August

In September ROC Programimed SZ-1 onl RVPS
Simulated time series and tested 1Q'SZ-1 alge.
Investigated clutter filterng & SZ (Greg) Meymaris)
Viedeled PRIVeleeity StHPEes:” (Greg Meymaris)
Sz-2 | egic fleyw diagram that allewsHier ClUGter n-any. trip
andithusycan accomimoedate AR clutter

Attended AP traipipe HiVifand have: argeneral thderstanding ol
APINpregramming
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OTHER FY2004 Progress

Refined SZ-1 processing
Programmed NCAR’s SZ-2' in MAT Lab
Refined SZ-2 censoring

¢ Modeled and guantified the imcompatibility
off SZ andl legacy, clutter filters

¢ JEll Keelerr @fficially Retred 2 Japuary

(theug; seems terker at NCARNMoKRE)




Phase Coding: SZ-1 versus SZ-2

& S/Z-2:

— [Long| PRT (3.1ms) followed by a short PRT
(0. 78ms).

— |Long| PR provides reflectivities and widths.
Alsol prevides estimates, of clutter pewer and

Weather pewer fior short PR decoeding.
— Eor elevations belew: 1.5 degrees.

o S/Z-1:

— “Stand alone mode”.

— Cheese smallest PRIF suchl thiat enly, tWer tHps
alie PesSIkIe:




Example of Phase Coding of
Simulated Spectra

SZ(8/64) code

Imodulaﬁém code slpcat:trumI
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EAchEplica has adifierenti phase: oliset




Example of Weak Trip Recovery.

SZ(8/64) code

simulated spectrum, M=256, SNR=20dB
v2=—8mfs. w2=2rm‘s, va=32m.’s

.. . A

150 200
spectrum after modulatign, SZ(8/64) code
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power=-6 dB spectrum atter notch filter, n =075
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Scan Strategy

0.5
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SZ-2 Censoring

¢ Use long PR scan, to:
— Compute the power ratio P,/R;
— Compute the contaminating NeISE PeWEr
¢ Irip 1 noise power = Nq o == Nijo s Nioa
Ntrip4
¢ i 2 neise power = Nqoo == N s S NG
¢ hresheldrcurrently, set te; S dB) aldeVeE NeISE




SZ-2 Censoring

¢ Censor using strong to weak trip
pewer ratio P,/P, andi spectrum widths,
Wa and Wz

¢» Censoer data en SNR firem| leng PR

¢ Censor data on SNR from short PRT

— Useiluli i echoerin leng PRIF Scan MeVES
leaVving VeldinRrsher: PRiF scan




Examples of theoretical and experimental
P1/P2 recovery as a function of W1 and W2
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freq power: Sample: 2240(36) Range 60.50(132)




SZ-2 Censoring — Power ratio

W, <5ms?

Censored Region

threshold
intercept

e

Uncensored Region




SZ-2 Censoring — Power ratio

Censored Region

threshold




SZ-2 Censoring: Note

¢ Widths from long PRT are limited due to
short Nyguist

¢ W2 from SZ scan are biased

=> Use W1 from SZ recovered and W2 from
Long PRT data




SZ-2 Censoring: Long PRT Power
(I + Q%, dB)

KOUN data.

5 April, 2003




SZ-2 Censoring: Short PRT
2+ Q% dB




SZ-2 Censoring: SZ Recovered




SZ-2 Censorlng SZ-2 Censored




SZ-2 Censoring: Current WSR-88D
Censoring (5 dB thresholds)




SZ-2 Censoring: SZ-2 Censoring

Blue — Not
censored

White — long
PRT P<
Nsys + 3 dB

Cyan — Power
ratio

Gold — SNR (out
of trip noise)

Brown — Both
power ratio and
out of trip
contamination




SZ-1 Censoring

¢ Long PRT scan not available

— Power ratio estimates not reliable due to
leakage

¢ Solution: Use characteristics of
contaminated radial veleeity,




SZ-1 Censoring

¢ Fuzzy logic algorithm for censoring

— Inputs computed over 2-D patch ofi data
& [exture ofi V. — (circular differences)
s Range spin — (Inflection peints)
& AziImuth spin

— Use hoeth range and azimuith spinkin
Order te aveld CENSOrING ternadees,
StreNG CONVErGENCE: OF diVEergence

— Censer on system neise enly, (eut: oiff trip
POWEN ISI Ret Knewn)




SZ-1 Censoring: Fuzzy logic

Apply
Membership
Functions

Texture Apply Fuzzy
Rules
Interest fiel

High texture ;
. 0-1
Range spin 0= AND High Combined |Threshold

spin values Interest

Azimuth spin /




Censoring for SZ-1

¢ No truth and estimated parameters are
Ineffiective

SOLUTION: Use various estimates of the texture of the
[ecovereal velecity fielditer censer: data

Texture

Spin, radial Fuzzy | Censoring

o | Logic Decision
Spin, azimuth

= Also, the strength of the spectral replicas are checked




Out-of-trip leakage — fraction of main peak

Current Time: 11/17/2003 21:13
20 40 60 80 100 120 140 160 180 200 220 240 260 280

TEAKAGE: 0.5 dog

0Z 91708

Leakage parameter = (mean of 3 lowest peaks) / (max peak)
Values of interest range from 0.17 to 0.25
These are remapped to the range 0.0 to 1.0




Long-PRT dBZ (truth

Figlds... Maps...
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SZ1 dBZ, no censoring
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Comparison: SZ1 vs long-PRT
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SZ1 dBZ, no censoring
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Z1 velocity, no censorin

Current Time: 11/17/2003 21:10
1||5I] 1!|3I] 2I|]I] 2|2I] 2-I4I] 2||5I] 2!?0

TR

7.

e
#

N

e

LA
7

T 'II-JHI]HJ{." “‘“]I I”l II ]I

AT

|
00: 30




SZ1 pectral width, no censorin
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Gate-by-gate velocity
texture/spin

Current Time: 11/17/2003 21:14
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Combined censoring fie

Weighted combination: (leakage + texture + spin) /3
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Censoring flag

Weighted combination > 0.5

M

Report Shap Clone Help.. Exit
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SZ1 dBZ before censoring
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dBZ after censoring

Fields... e, Maps... Moy e, g [ty iq

t: e load e port Snap ( ] Help... Exit
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NEXRAD spike filter

A

a Checks dBZ value for gate n
against values for gate n-2
and gate n+2

&

If ratio exceeds a given
threshold (8.0)
i.e. diff of 9dB
the spike is replaced
according to the scheme
4 shown

00 GC

Note: in the NEXRAD spec DV1208261F, this filter is referred to as the
Strong Point Clutter filter, section 3.2.1.2.2.




dBZ after NEXRAD spike filter
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dBZ texture — areas of smooth

Fields... Wiew...
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Gates for data infilling

. [ q..
Help... Exit
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dBZ infilling
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Velocity infilling
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Applying the dregs filter - dBZ

This removes small regions of echo which are left.
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SZ1 dBZ vs. long PRT dBZ

Canfig.. \ M oy Wi ct.. Canfig..
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SZ1 velocity vs. long-PRT
velocity
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SZ1 dBZ, no censoring, Vs.
long-PRT dBZ
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SZ1 dBZ vs. long-PRT dBZ

(t
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SZ1 velocity vs. long-PRT
velo

Current Time: 1171772003 21:42 Current Time: 1171772003 21:43
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SZ1 width vs. long-PRT width
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Further work

& Scoring SZ1 vs Long-PRT moments

& Optimize censoring / infilling using scoring
¢ Add support fer 3 trips

¢ Compare PP Vs. spectrall metheds

¢ Run on SPOL IRl real-time

¢ Collect winter data sets

9y SZ2

anksyeu




15 August NCAR/NSSL Interim Report

¢ Phase coding recommended for
entire VCP

» SZ-2 for first elevations
» SZ-1 oK remaining elevations




SZ-2 TRIP SORTING

CASE 0
CASE 1
CASE 2
CASE 3
CASE 4
CASE 5
CASE 6
CASE 7
CASE 8

TRIPS CONDITION

0000
1200
2100
1200
2100
P21(
M2i1
2010
2001
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¥
o
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af
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¥

0

Y= 2 and o 2

1) =1 and a2

1) #£ 2 and &

2) = 2 and I’J.{Ej R
2) =2and a(4) =1

1)=2and a(3) =1
1) =2 and a(3) = 1

57 MODULATION CODE
No Decode

SZ(8/64)

Only Strong Trip Cohere
Only Strong Trip Cohere
SZ(8/64)

SZ(16/64)

SZ(16/64)

SZ(8/64)




SZ-2: Interim Report and New
NCAR Algorithm

L
— Ground clutter limited to first trip.
— Ground clutter filter long PR first
— Then rank the 4 powers P, )= P )

¢ Short PRI Scane:

— ElSt, always) colere to fist thje and clutter
flter regaradless; el relative pewer levels

— Always determine streongest trip frem conereni
pPoewWerR calculated irem shert: PRI




SZ-2 Examples

First Trip Second Trip

VAN

SpPEctra

PAN




SZ-2: Interim Report and New
NCAR Algorithm

‘ -
— First rank the 4 powers Py 1y~ Py

— Estimate clutter power and weather power: for
each trip

¢ Short PRT Scan:

— Cohere to the strengest trip and decide what
o) do next based on pewer estimates fremi long
PRI}

— Clutter cani e in any. e

¢ Algerithm s pregrammed i VIAIF L2l

— Need tertest and then pregiam RVES ier real
e testing en S-Po|
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Short PRT power







SZ-2 velocity (m s') (clutter processing




NEXRAD censoring: 5 dB thres




S7-2 spectrum width (m s-')
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Censoring cause




Effects of IIR Clutter Filter on
16/ l\/IJrIuIcwun (orle S0ec rllm
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Original Weak Trip Spectra {(no overlay)
T

-10 10
WVelocity (m/sec)

Weak Trip Spectra after processing (no Filter)

-20

Weak Trip Spectra after processing including Med
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Summary

¢ Phase noise problems with RVP8/S-Pol exposed
— SIGMET will release new TX-card
— Burst pulse phase should be measured

o SZ-2 algerithm te be delivered 1 June
o SZ-1 needs further development

» NCAR moedeled and shewed prenlem withrliegacy/
IIR clutter filters.

Result: GIVIAR
¢ Phiase noise off S-Pol abeui 0.42 degrees.

NEXRAID shheuld 9e signiiicantly vetter. Thus,
pPhase CodINg reCoVERY SheUId ImpreVve:




NEXRAD Data Quality Optimization

¢ REC AP Detection Algorithm
— Code errors found

— Algorithm performance Improeved after
correction made

— Corrections 1n Build 5

¢ REC Precipitation Detection; Algoerithm and
Refiectivity Compensation
— Ready/ fior iImplementation
— \Will“ e used inr EPRE

» Next REC algerithm

— Convecuver/stratiorm parten (Steiner etal)
s |mplemenitinpolalr Space rather thap Cariesian space
o DeVise: alituzzy/ legIic VErsIion




Migration ofi AP Detection into ORDA

Current System

Moements Products

APNCIUiteIFIVIZIe




Migration of AP Detection into ORDA

New: RVVP8 Based RDA

Moments to ORPG

Moments

Snsgial AP Clut_ter

Clutter Control




NEXRAD Data Quality Optimization

¢ Inclusion of ORDA variables into REC

— Spectral domain variables under test
L

&
¢ Pio: — tetal pewer (summation of alll g;)

’ RatIO 1 — Cp/(Ptot S Cp)
& Ratio 2 = C,/P

Precipitation  Clutter

e

g-i g3 g2 391 9o 91 92 93




NEXRAD Data Quality Optimization

3155511HFI'GEISSLIHMDMEI JESLIH"u"E -

Radlal IOC|ty

B b B B

» Example of
Ratio 1 and
Ratio 2
— Precipitation

nas values
near zero

— Clutter has
RIghrvalues
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Development Model

¢ ORPG

— Develop DO algerithms
— Translate to AEL
— [ransiate te: ORPG platierm

¢

¢ Selution: InstallfORPGE platierm: at:
NCAR andl test algerthms




Development Model

¢ ORDA
— Develop RV & DO algorithms on 1Q PC
— Jranslate te RVPS (IHelp frem ROC)

— Test RVPS algoerithm in paralleliwith 1©Q
PC algoerithm

— Efficient, save time & $5




