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ZDR fan;??u;xg
1976 was A long, long time ago..... //”_’_ea%“

""".h_

e First Star Wars Movie!! |
 Human Accomplishments since 1976:
* Personal computer revolution H"]

 Human genome mapped

« Cosmic string theory introduced (1976, Thomas
Kibble)

* Internet
* GPS navigation
* Cell phones

But what can’t we do well yet???

*Why Is that Yoda?? ‘53“




S-Pol Zdr Calibration Story



Previous Zdr VP Cal Experience with S-Pol

Zdr bias very stable!!
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Zdr bias versus Air Temperature

MASCRAD Experiment: 104-2015 in Front Range
Data gathered in Colorado Front Range with S-Pol

December 24, 26, 2014 , January 9, 10, 11,12, 15, and Feb. 6, 22, 27, 2015

S,S, = 0.0082T + 0.747

Mostly due to the antenna
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MASCRAD and PECAN Experiments

5152 versus Temperature
RF diff. gain < 0.03dB

Temperature Ranges do not Overlap

$,S, =-0.00773TEMP + 0.9114

MASCRAD ' PECAN
2013-2014 Winter ' (6/17/2015 - 7/16/2015)
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Tear down/set up.
Microwave absorber on struts



BACKGROUND

Z 4 Calibration:

S-Pol

Crosspolar Power Technique

cal m P
Zar = Z4 $1S; 5
xH

Solar power ratio

Using the previous regression fit of S1S2 to temperature,
PECAN Zdr was calibrated.




S1S2 Consists of Two Terms

5.5 = (WGCLNA)2
(W, G cH HLNA )

|
. Transmit powers monitored here.
" Test pulses injected here.




Experimental Solar Antenna Patterns
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Zdr Bias Calibration for PECAN




S.S, Measurement from this Spring

S-Pol at Marshall Fieldsite, April —June, 2017

Mean 5152 vs. site temperature
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As metal expands, Phase relationships change



ldea

*Change phase relationships by
changing frequency



S,S, as a Function of Frequency

- 2798 MHz

Time index

A change of causes a diff. gain change of 0.25dB!



SolarV/H power or Zdr Antenna Patterns
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...continued Zdr Antenna Patterns
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Dish Shape: Photogrametry
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About 1400 optical patches on dish, struts and feedhorn.

» About 5o pictures around the edge of dish
» Fita parabola

e RMS error across the dish: ~0.03 inch
Exact dimensions of the feedhorn (CAD drawing)




Numerical Modeling of Antenna

e Using GRASP (General Reflector Antenna Software Package) by TICRA
of Denmark with the Method of Moments. This is an exact full wave
method, which takes into account all mutual coupling, blockage and
near-field effects.

e Exactdish shape

e Simulated feed horn patterns (from the horn CAD drawing)

e COMPLEX COPOLARAND CROSS-POLAR ANTENNA PATTERNS

Waveguide

st Absorber LA



, Cases Model|

1. Full model
2. Without waveguide

3. Without absorber

4. Move feed horn phase center 3mm
closer to dish




Convolve the Modeled Antenna Patterns with Solar Disk

convolHco

LY
L LY

&
Solar digk 0753 deg.




Calculating Zdr from Model Data

5 J |f5IH T f:v|2 dQ
J |f\3H t f\iv|2 dQ

ZDR

Chandrasekar and Keeler 1993



Modeled Zdr Antenna Patterns

(convolved with solar disk)

Feed=147.25in WP1200 convol ZDR bias Freq 2801-2806
2801 2802

p@N R ﬂ
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But Zdr bias
varies very

little!!



Differential Gain of RF Section

O 2 transmit receive tube
(protects LNA from TX pulse)

5.5 = (WVG/\?C\ZLNAVP
(W,GrLCRLNA, )
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Likely that the RF diff. gain is cause the seen S1S2 frequency variation.



T
NN N
-+] - \M]

%
&
o

m
o
~——
[
8
=]
]
=
c
43}
frac}
©
[
o
-
&
]
[&]
=
Q

-38.2

-38.4

270

272

2.74

Circulator Attenuation

Wave guide to antenna terminated (50 ohms)

276 278 280 282

Frequency (GHz)

284

286

2.88

290

- - -
o - -
(3] o w

-
o
o

V - H Circulator Attenustion (dB)

V-H Difference

Frequency (GHz)




Antenna Solar Diff Gain 5152
Conclusion ?77?
* Good question
* LNAs aren’t the source of differential gain change

* The circulators appears the likely source

 The measurements of the circulator with and with out antenna
termination are very different.

« So antenna impedance is a function of frequency so that the gain
is affected

2} 2798 MHz







|CPR Patterns

Integrated Cross-Polarization Ratio

A measure of inter-channel
isolation or polarization purity

s Furs + Fry Fol?
ICPR = { HH V2H H\2/ vwi dQ
J Ifan + fuvl* dQ

Wang and Chandrasekar, 2006,
IEEE Transactions on Geoscience
and Remote Sensing

“to limit Z,, errors to +/-
0.2dB, -44dB isolation
needEd." (For SHV ops.)

Feed=147.25in WP1200 convol ICPR Freq 2801-2806
2802




Feed=147.25in WP1200 convol ICPR Freq 2807-2810
2807 2808
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Integrated ICPR

Phase center at 149.5 In Phase center at 151.1 In

ICPR ticra ICPR ticra
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Full Model Comparison for 3 Phase Center
Locations

Zdr Bias ICPR

ZDR bias ticra ICPR ticra

*—|inel47WP1200
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ICPR [dB]

~ Focal point by
photogrammetry
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* Absorber on spars.

« Cad drawing od feed horn.
* Did not model radome.

NEXRAD: Modeling the WSR-
88DP

« Three spars with waveguide emb

e Spars at 0, 120 and 140 degret "
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nexrad Freq=2880
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nexrad Freq=2910
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nexrad Freq=2910

ticraHc

Side lobes are not highest along +/-=45 degree cuts

Zdr bias pattern can have gradients across it.
0.2 dB color steps.

1 degree solid angle

ticralCPR

ICPR pattern looks similar to S-Pol 4 spar model data




—
1
A=)
£
";,.,.;'

WSR-88DP: Zdr Bias and ICPR

These higher values indicate cross Zdr offset is a function of frequency but
coupling could be a problem for higher will be corrected by Zdr calibrations
phidp accumulations
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ticraHc

The +/- 45 Degree
Antenna Pattern Cuts

WSR-88DP, 3 spar

S-Pol, 4 spar
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Observations

¢ S,S, (Zdr) antenna pattern SHAPE changes for both
temperature and frequency changes

* GRASP MODEL: predicts Zdr shape changes but,
S1S2 differential gain is not predicted

* RF component’s differential gain causes the observed frequency
dependent dif. gain.

« EXPERIMENTAL: S;S, integrated does change
substantially for changes in temperature: ~0.01dB/C

e Expansion/contraction of the entire antenna structure
causes both Zdr antenna pattern shape as well as Zdr
bias to change.

* ICPR Is a complicated function of frequency and
antenna topology

Hubbert, J. C., 2017: Differential reflectivity calibration and antenna
temperature. J. Atmos. Oceanic Technol., https://doi.org/10.1175/JTECH-D-16-
0218.1



|ICPR: Cross Coupling

* Very sensitive function of frequency

« Zdr bias for simultaneous H and V transmit radars is a
function of this cross coupling (channel isolation)

* To keep Zdr bias to with in 0.2dB, isolation should be
-44dB (Wang and Chandrasekar 2006)

* |CPR is a sensitive function of phase center location



* WP1100: Geometry including 4 struts and 2
waveguides

* WP1200: Geometry including 4 struts with absorbers
and 2 waveguides

* WP1300: Geometry including 4 struts with absorbers

* WP1400: Geometry including 4 struts with absorbers
and 2 waveguides and feed moved 3 mm closer to
the reflector
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