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1. 

APPARATUS FOR MEASURING CIRCULAR 
DEPOLARIZATION RATIOS IN A WEATHER 

RADAR 

This application claims the benefit offiling priority under 5 
35 U.S.C. S 119 and 37 C.F.R. S1.78 of the U.S. Provisional 
Application Ser. No. 61/783.286 filed Mar. 14, 2013, for a 
SYSTEM AND METHOD FOR MEASURING CIRCU 
LAR DEPOLARIZATION RATIO IN A RADAR, and also 
claims the benefit offiling priority under 35 U.S.C. S 119 and 10 
37 C.F.R.S 1.78 of the U.S. Provisional Application Ser. No. 
61/805,510 filed Mar. 26, 2013, for a SYSTEM AND 
METHOD FOR MEASURING CIRCULAR DEPOLAR 
IZATION RATIO IN A RADAR (APPL. NO. 2). All infor 
mation disclosed in those prior provisional applications is 15 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to weather radar 20 
systems. In particular, the present invention relates to radar 
transmission techniques in simultaneous dual polarization 
radars. In greater particularity, the present invention relates 
to post processing of reflectivity data received in a simul 
taneous dual polarization radar. 25 

BACKGROUND OF THE INVENTION 

Most of the modern polarimetric weather radars provide 
the option of measuring linear depolarization ratio or 30 
“LDR. Historically, it was the first polarimetric variable 
measured by polarimetric weather radars and it was primar 
ily utilized for hail detection and discrimination between 
rain and Snow. For example, in the radar S-band frequencies 
for rain LDR is less than -25 dB, but is much higher for hail, 35 
melting Snow, and non-meteorological scattering objects and 
atmospheric conditions. 

In the LDR mode of operation, the waves with horizontal 
polarization are transmitted and the waves with both hori 
Zontal (“H”) and vertical (“V”) polarizations are received. In 40 
polarimetric radars utilizing the simultaneous transmission 
and reception of H and V waves (i.e. an “SHV mode of 
operation) the differential reflectivity “ZDR,” differential 
phase dDP, and cross-correlation coefficients phv may be 
measured. These variables are not practically measurable in 45 
an LDR mode of operation, and hence is one of the disad 
vantages of using an LDR mode of operation in polarimetric 
weather radars. 

Another limitation in using an LDR mode of operation in 
polarimetric weather radars is the need to have a relatively 50 
high signal to noise ratio in order to effectively process 
reflectivity data from an LDR radar transmission. For 
example, a signal to noise ratio of at least 25-30 dB is 
required in order to make use of LDR in order to recognize 
objects of interest in the reflectivity data. Consequently, use 55 
of an LDR mode of operation is considered as a secondary 
mode of operation and is currently not widely used for 
operational applications, nor even accommodated in some 
configurations of polarimetric weather radars. 

Other advantages of using CDR as opposed to LDR 60 
include receiving higher power magnitudes in reflectivity 
data so that CDR can be more reliably measured over larger 
areas and experiencing less ambiguity in meteorological 
interpretation because CDR is not affected by the orientation 
of atmospheric particles during transmission. 65 

Hence, what is needed is a system that can estimate CDR 
in the linear polarization basis in addition to standard radar 

2 
polarimetric radar variables commonly measured by opera 
tional weather radars, and to do so without affecting those 
data results by propagation effects. 

SUMMARY OF THE INVENTION 

An apparatus and method for the pre and post processing 
of radar signals to allow for improved measuring of circular 
depolarization ratio data in a weather radar. The system uses 
a phase shifter, which is periodically calibrated to ensure 
proper polarity, to alter the transmission phase of one 
channel of a radar transmission output. Reflectivity signals 
are then processed in accordance with rules dependent upon 
the transmission phase shift to reliably extract circular 
depolarization ratio (“CDR) data from the reflectivity sig 
nals. CDR data is used to enhance hydrometer recognition in 
a weather radar system. 

Other features and objects and advantages of the present 
invention will become apparent from a reading of the 
following description as well as a study of the appended 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A system and method incorporating the features of the 
invention is depicted in the attached drawings which form a 
portion of the disclosure and wherein: 

FIG. 1 a generalized hardware element diagram of the 
hardware for the invention; 

FIG. 2 is a potential hardware implementation for the 
invention; 

FIG. 3 is process flow diagram for the invention: 
FIG. 4 is a process flow diagram for calibration of the 

phase shifter element in the invention; 
FIG. 5A is a front perspective view of a compact switch 

assembly used in the invention; 
FIG. 5B is a rear perspective view of the compact switch 

assembly shown in FIG. 5A; 
FIG. 6A is a plan view of the compact switch assembly 

shown in FIG. 5A; 
FIG. 6B is a rear elevational view of the compact switch 

assembly shown in FIG. 5A; and, 
FIG. 6C is a left side elevational view of the compact 

switch assembly shown in FIG. 5A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

It will be noted initially that existing simultaneous dual 
polarization weather radar systems employ the use of a 
power splitter to equally divide the transmitter output into 
two independent transmission paths, one path for horizontal 
polarization and one path for vertical polarization. The two 
transmission paths are connected to an orthogonal mode 
transformer or “OMT, that is part of the overall antenna 
feed subsystem. When the two signals are combined in the 
OMT, the actual radiated polarization pattern is the result of 
the vector Sum of the two independent signals. The resulting 
polarization state is therefore dependent on the system 
differential phase upon transmission between the vertical 
and horizontal channels. 

Slight differences in the length and geometry between the 
two waveguide channels cause each channel to have differ 
ent propagation effects resulting in a random, uncontrolled, 
yet stable differential phase upon transmission. This ulti 
mately results in a random, uncontrolled, yet stable polar 
ization state upon transmission. This is a common configu 
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ration in the industry used by all manufacturers of 
simultaneous dual polarization radars. 
When the differential phase upon transmission is in 

phase, the radiation pattern is pure 45 degree slant linear 
polarized. When the differential phase upon transmission is 
90 degrees out-of-phase, the radiation pattern is circular 
polarized. All states of differential phase in between result in 
Some form of elliptical polarization. 

It is important to note that this phenomenon is not broadly 
known across the industry, as most dual polarization tuto 
rials depict the dual polarization transmitter emitting pure 
linear vertical and horizontally polarized waves simultane 
ously. This is somewhat easier to envision, but it is not what 
actually occurs in a real system. The differential measure 
ments in a dual polarization radar are constructed primarily 
as a function of the received signal into the OMT. However, 
controlling the transmit polarization state can have some 
advantages. Pure Slant 45 degree polarization on transmis 
sion results in improved cross polarization isolation. Circu 
lar polarization on transmission results in an improvement in 
the estimate of the circular depolarization ratio (hereinafter 
“CDR), as will be discussed. 

Calculations to yield CDR in polarimetric weather radars, 
Such as for example the simultaneous dual polarization 
(“SIDPOL) radar disclosed in U.S. Pat. No. 6,859,163 B2, 
(hereinafter the “163 Patent”) incorporated herein by ref. 
erence, can be complex and must be experientially verifi 
able. Some modern polarimetric weather radars provide the 
option of measuring LDR as for example, as shown in FIG. 
5 of the 163 Patent. As indicated above, LDR data was the 
first polarimetric variable measured by polarimetric weather 
radars and it was primarily utilized for hail detection and 
discrimination between rain and Snow because of its use 
fulness to differentiate rain and snow in radar reflectivity 
data. In an LDR mode of operation, waves with a horizontal 
spatial orientation or “polarization' are transmitted and the 
waves with both horizontal and vertical polarizations are 
received. In an SHV mode of simultaneous transmission and 
reception of H and V waves differential reflectivity ZDR, 
differential phase dDP, and cross-correlation coefficient phv 
may be measured. These variables are not measurable in the 
LDR mode which is one of its disadvantages along with a 
relatively high SNR of at least 25-30 dB. 

However, measurements of depolarization ratio without 
switching the modes of operation so that ZDR, dDP, and 
phV are measured simultaneously with the circular depolar 
ization ratio “CDR' are possible. CDR is noticeably higher 
than LDR which allows to partially mitigate the issue of low 
SNR. So, it is possible to estimate CDR in the SHV mode 
of operation by using the following function of complex 
Voltages V, and V from radar reflectivity signals: 

DR = 10log(Dr.) (1) 

IV, - V. (2) 
IV, V, 2 

eir 

With overbars indicating temporal averaging, the magnitude 
of DR computed from equations (1) and (2) depends not 
only on the properties of medium, but also on the system 
differential phases on transmission d, ... and reception 
d.o. As has been shown in published papers, DR is 
identical to the circular depolarization ratio CDR when the 
following condition is true: 

(3) 
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4 
This means that the radar system differential phase on 

transmission d, can be controlled and made equal to 
+90° (i.e. the polarization of the transmitted radar wave is 
circular). To control this differential phase, a high-power 
phase shifter may be inserted into one of the orthogonal 
channels, thereby eliminating the transmission of arbitrary 
elliptical radiation (See FIG. 1, element 15). Differential 
phase on reception d, should also be equal to +90°. If 
phase on transmission is not controlled, the difference 
between actual d, must be compensated in a signal 
processor by shifting the phase of the received signal in one 
of the orthogonal channels by the magnitude d’t 90°. 

Therefore, a modified formula for computing DR' to yield 
CDR is: 

V, exp(-i(d5, -90) - V. D = ''Pller '0' DR = 10log D.) 
(4) 

The sum of d, and d, is the system differential 
phased, measured in the SHV mode according to the 
equation: 

de-de--do' (5) 

This can be estimated to within the accuracy of about 1° 
using either a differential phase measurement from the 
closest weather echo (i.e. a selected object of interest in the 
radar transmission target area) or a histogram of differential 
phase of ground clutter in the absence of weather echoes. In 
order to estimate the phases d, and d, separately, the 
measurements of the system differential phases in the SHV 
and LDR modes are required (d, and do.'' 
respectively). Hence, 

P(r)=d syslar) and B()=d sys)- Psyslar); (6) 

but, note that the LDR mode of operation is needed for 
system calibration only. The phase shifter setting is adjusted 
until the total system differential phase in the SHV mode of 
operation becomes equal to do.’t 90. Once the optimal 
setting of the phase shifter is established, it can be continu 
ously monitored by automatic data-based measurements of 
the system differential phase which should not vary by more 
than 5°-10°. 

There are other important advantages to using CDR 
instead of LDR. First, CDR depends primarily on the 
“scatterers' shape and does not depend on their orienta 
tions, but LDR reflectivity data depends on both the shapes 
and orientations of hydrometeors. Hence, the hydrometeor 
classification using CDR is more straightforward and unam 
biguous than with LDR. 

Second, reflectivity power levels in CDR are higher than 
in LDR, and various moment data can be more reliably 
measured if the signal-to-noise ratio is not sufficiently high. 
For example, hydrometeors are randomly oriented and CDR 
reflectivity signals are 3 dB higher than LDR. Moreover, the 
difference between CDR and LDR power increases for 
oriented hydrometeors, and in rain CDR power can exceed 
LDR by more than 10 dB. Hence, CDR can be more reliably 
estimated in larger areas of Storms than with LDR. Using 
CDR is not without its limitations. For example, CDR is 
more affected by propagation than LDR, and appropriate 
correction procedures must be implemented to compensate 
for Such propagation effects. However, the propagation 
effects are much less pronounced at S band than at shorter 
wavelengths, and S band frequencies are currently preferred 
in polarimetric radars. 
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In SIDPOL type radars, CDR can be estimated from 
differential reflectivity ZDR, LDR data, cross-correlation 
coefficient phV, and differential phase dDP measured in a 
linear horizontal to vertical polarization basis using the 
following formula: 5 

< |Shh exp(-jdop) + 2.jS, exp(-jdpp/2) - Sy’ > (i) 

with CDR = 10log(C) 10 

where Sij are elements of the scattering matrix of hydro 
meteors. It can also be shown that 

15 

Ci- = 1 + Z-2ph Zicos(bpp)+4Lt. (ii) 
a = - Z +2ph Zicos(dipp) 

In equation (ii), Zand L are differential reflectivity and 
L is expressed in linear units. As mentioned above, one of 
the limitations with circular depolarization ratio CDR is that 
it is strongly affected by propagation effects and differential 
phase shifting. Correction of CDR for differential phase has 
been a challenge and is one of the reasons why CDR has 
never been used for operational meteorological applications 
despite its attractiveness compared to linear depolarization 
ratio LDR which is only weakly affected by propagation 
effects. However, the technique shown below allows the 
measurement of CDR in the standard SHV mode of a 
SIDPOL radar and effectively eliminates the dependency of 
estimated CDR using differential phase. 
The complex Voltages of received signals in the two 

orthogonal channels of an SHV radar during transmission 
and reception for the H oriented and V oriented reflectivity 
waves are as follows: 

25 

30 

35 

In these equations, do)P is the propagation phase in the 
atmosphere and dDP(t) and dDP(r) are system differential 
phases on transmission and reception, respectively. Their 
sum is the total system differential phase dDP(sys). Based 
upon experiential data, the ratio shown below in equation 
(iv) accurately approximates intrinsic Car without compen 
sating for propagation effects, but provided that the system 
differential phase on transmission dDP(t) is close to 90°. 

45 

50 

< V, expi(dpp + dSE) V, > (iv) 
Dd = 

Implementation of this scheme requires utilization of a 
high-power phase shifter to control dDP(t). With the 
assumption of a system differential phase on transmission 
dDP(t) close to 90°, an equation for D. can be expanded to: 

60 

1 + Z-2ph. Z +4Lisin (dpp/2+ d5) (v) 
1 + Zi+2p, Z +4Lasin (dpp/2+ 13.) Dir 

65 

6 
Depolarization ratio D will still depend on dDP, but 

Such dependence is much less than as described by above 
equation (ii). 
The above proposed method for estimating CDR and 

correcting for propagation effects is effective and practical, 
but it does require capturing the total system differential 
phase (i.e. the Sum of the differential phase on propagation 
and the system differential phase) which is commonly 
measured in a radar signal processor with Sufficient accu 
racy. For example, in most modern weather radars Such 
values are calculated to within 1-2. Note that the system 
differential phase changes from gate to gate. So it is impor 
tant that the method not require very accurate calibration of 
the high-power phase shifter. The initial phase setting of the 
phase shifter should be set up during installation and its 
deviation during operation will not normally cause inaccu 
racies because drifts in the phase of 20°-30 using the above 
method will still be tolerable. 

Initial setup or calibration of the phase shifter should be 
done using radar echoes from precipitation with Sufficient 
intensity. The system differential phase on transmission 
dDP(t) is estimated as a difference between the full system 
differential phase dDP(sys) and the system differential 
phase on transmission dDP(r), estimated in the LDR mode 
of operation. 

Another possible way to calibrate the setting of the phase 
shifter is to change it in iteratively increment the phase 
shifter phase settings by 10, recording the CDR produced, 
and selecting the phase setting that produces the maximal 
CDR above the freezing level. This will obviate the use of 
an LDR mode altogether. 

Therefore, a simpler method for estimation of CDR may 
be implemented and which does not require utilization of I 
and Q data and uses only second moments (e.g. “covari 
ances') which may be calculated in current signal processors 
used in dual-polarization radars, such as for example in 
SIDPOL type radars. 
Combining the above calculations and methods, CDR 

may be found by utilizing I and Q reflectivity data (i.e. the 
complex Voltages of V, and V) in orthogonal channels to 
obtain CDR according to the following formula: 

CDR(dB)=10 log(D) (a) 

where 

1 (b) 
XIV, (n)exp(jdop) - V. (m) 

Dd = 1 T 
ity, IV, (n)exp(it) + V (m) i 

M is the number of radar samples and dDP is the 
measured differential phase which is a sum of “true' differ 
ential phase and system differential phase. D. can be 
simplified to the following: 

P + P, -2ReFRhy exp(-idor) (c) 
D = P, P + 2ReRexp(-id) 
with, 
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equal to a power of the horizontally polarized component 
of the radar return, 

1 2 

P = iXV on 

equal to a power of a vertically polarized component of 
the radar return, and 

1 (f) 
R. = XV., (m)V(m) 

n=1 

is a complex covariance which has its phase equal to the 
estimate of differential phase dDP so that 

R=|Rilexp(jdrop) (g) 

Substituting Rhv in equation (g) into (c) yields the fol 
lowing final equation: 

(h) 
Dir 

or as an estimate, 

(i) P + P -2R, CDR(dB) = lolos } 

Therefore, CDR can be estimated using the combination 
of powers of the reflected signals at horizontal and vertical 
polarizations and the magnitude of the complex covariance 
R. All three parameters may be obtained with the proper 
processing software at each range gate in a data processors, 
Such as are typically used in polarimetric radars. Today, 
many of Such data processors are off-the-shelf personal 
computers and the CDR can be calculated by the PC using 
the equation in (h). It should be re-emphasized that the 
equation CDR=10 log(D) approximates “true” CDR quite 
well, but only if the differential phase in each transmission 
channel, on transmission, is close to 90°. Hence there is a 
need to have a high-power phase shifter in one of the 
orthogonal channels of the radar system, the implementation 
of which will be shown below. Processing code written in 
C++ suitable to calculate CDR per the equations (a) through 
(h) above in a data processor, such as for example a PC, may 
be found in Tables 1 and 2 below. 

Referring to FIG. 1, a system 10 is disclosed to enable the 
CDR calculations discussed above. Transmitter 11 provides 
a Suitable weather radar transmission stream, Such as for 
example in the S-band frequency, which is divided by power 
splitter 12 into horizontal and vertical streams. The trans 
mission stream from the transmitter is conducted to a power 
splitter 12 via one or more waveguide tubes suitable for such 
transmissions. Further explanation of the use of waveguide 
tubes, waveguide couplers, and waveguide adapters between 
components in system 10 will be omitted as such elements 
are well understood in the industry and not necessary for a 
complete understanding of the herein described invention. 
The horizontal stream is passed to a high-power phase 
shifter 15, such as for example, offered by Coleman Micro 
wave Company, located in Edinburg, Va., where the phase of 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
the transmission stream is altered to be about 90° different 
in phase from the vertical transmission stream. Circulators 
13a, b connect H and V transmission streams to antenna 18, 
while protecting receiver elements 26a,b. Azimuthal 16 and 
elevational 17 rotary joints 14 allow for communication of 
transmission streams from below the joints 14 to antenna 18 
during rotation and elevational movement of the antenna 
relative to the receiver. 

Antenna 18 includes a parabolic reflecting Surface and an 
orthomode transducer or OMT with feed horn 21 for sending 
radar transmissions and receiving reflectivity data 22. 
Antenna 19 is positioned on a Suitable gantry having mov 
able gimbals and electronics to control the rotation and 
elevational angle of the antenna, as is known in the art. 
Antenna 19 is electrically connected to other elements in 
system 10 through appropriately positioned and shaped 
waveguides, as is also known. As will be further discussed, 
Some grouping of radar transmission components 30 may be 
assembled into a compact Volume to form a Switching 
assembly as shown in FIGS. 5-6, which facilitates mainte 
nance and fabrication of the entire radar System. 

Receivers 26a,b, multipliers 24a, b, and low noise ampli 
fier (“LNA) 23a, b receive radar system reflectivity signals 
22 via circulators 13a, b for processing of reflectivity data. 
While a dual component configuration is shown in System 
10, those skilled in the art will understand that such com 
ponents may be integrated into single component configu 
rations having separate processing channels (i.e. separate H 
and V channels). 
The current system 10 shows the receivers 20, the LNA 

23, multiplier 23, circulators 13, power splitter 12, and phase 
shifter 15 located below the azimuthal rotary joint 16. 
However, some weather radar configurations exist where 
these elements are located above the azimuthal rotary joint 
and even above the elevational joint to enjoy a reduction in 
radar wave transmission distortions. In these types of con 
figurations the herein described system 10 would position 
those elements above joint 14, except for the transmitter 11. 
The disclosed system 10 shown in FIG. 1 is currently the 
most popular system arrangement, although this is changing 
in favor of antenna mounted electronics in which most of the 
electronics are located above the elevational coupling. 

Regarding the phase shifter 15, FIG. 1 does not specifi 
cally delineate which path or channel in the system 10 after 
the power splitter will be a vertically oriented or horizontally 
oriented transmission as determined by the OMT. This is 
purposeful since the present invention will work effectively 
whether the phase shifter 15 is positioned in the vertical or 
horizontal transmission channel, although traditionally the 
phase shifter 15 would be located in the horizontal channel. 

FIG. 2 provides a schematic diagram of some of the 
components for system 10 in a compact Switching assembly 
30. A transmitter such as a Klystron S-band transmitter 
provides a radio frequency pulse train 31 suitable for 
weather radar applications to a cross-guide coupler and into 
a star switch 34, along with a burst reference signal input 33. 
Star switch 34 may be configured to route pulse train 31 via 
ports 1-2 or ports 1-4 on demand. Similarly, star switch 37 
may be configured on demand to route a pulse train via ports 
4-1 or via ports 2-1. By configuring star switch 34 to route 
pulse train 31 via ports 1-4 and configuring star switch 37 to 
route pulse train 31 via ports 2-1 pulse train 31 can be routed 
through power divider 48 and its transmission stream 
divided equally into two paths that pass to both circulators 
38 and 51. Orienting the ports in Switches 34 and 37 in this 
manner configures the system 10 for SHV operation, such as 
for example in a SIDPOL type of radar. 
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However, switches 34 and 37 may be set to bypass power 
divider 48 by selecting ports 1-2 in switch 34 and ports 4-1 
in switch 37 so that through path 36 full power transmissions 
of pulse train 31 may be achieved through horizontal chan 
nel circulator 38, thereby configuring system 10 for LDR 
operation. Therefore, as may be seen, the arrangement of 
two star as shown allows a radar System to perform in both 
an SHV and LDR mode of operation upon demand. 

Circulators 38 and 51 isolate transmission stream 31 from 
receiver elements such as TVR limiters, 39/52 and down 
converters 42/54, so that these sensitive elements are not 
damaged by the high power of transmissions 31. 

Phase shifter 49 in the assembly 30 is positioned in the V 
channel, but can be relocated into the H channel and still 
allow performance of the switching assembly 30. As indi 
cated above, phase shifter 49 is used to alter the phase of 
channel V by about 90° relative to channel H. Phase shifter 
49 is typically a high-power phase shifter having a switch or 
dial to configure the amount and direction of phase shift. 
Some models of phase shifters include motorized switches 
to allow, theoretically, for electronic control of the phase 
shifter rather than manual control. 

Utilizing the system shown in FIGS. 1 and 2, a process 60 
for calculating CDR may be achieved based upon the 
formulas (a)-(i) shown above. Initially, the system 10 is 
configured for SHV mode and an energy pulse train suitable 
for radar transmissions is generated 61. The transmission 
stream is divided 62 such as through a power splitter 12 and 
the phase of one of the divided streams is altered by about 
90°. For the purposes of the herein disclosed process 60, 
“about 90° is defined as 90° plus or minus 10°. I will be 
noted that a phase difference of 90° does not necessarily 
normalize one channel or the other in system 10 to 0°, or to 
any other particular phase value. The system will operate in 
accordance with equations in the steps indicated in process 
60 as long as the difference between each transmission 
channel is about 90°. Hence, process 60 is generally phase 
insensitive with respect to the phase established in the pulse 
generation step 61 or division step 62 as long as the 
difference between each channel is about 90°. 

After phase alteration of one transmission channel, the 
transmissions are propagated into space 64 as, for example, 
through an antenna 18, and reflectivity signals 22 captured 
by antenna 18 and sent to a receiver 65. The reflectivity 
signals are then processed to calculate various values 59. 
such as for example in a PC. 

Pursuant to the above equation (d) the power of the 
horizontally polarized component of the system 10 is esti 
mated 66. Pursuant to the equation (e) the power of the 
vertically polarized component of the system 10 is also 
estimated 67. And, a cross-covariance calculated 68 in 
accordance with above equation (f), where V, and V are 
complex voltages and M is the number of radar samples in 
a dwell time period during transmission. It should be noted 
that steps 66-68 may be calculated in parallel, or serially in 
any order since the V, and V complex voltages are already 
present in the captured reflectivity data. Based upon the 
results obtained in steps 66-68, CDR may then be calculated 
based upon the above equation (i). 
Now referring to FIG. 4, a process 70 is shown to calibrate 

the phase shifter element so that a difference of about 90° is 
maintained between V and H transmission streams in the 
system 10. A system 10 transmits and receives 71 radar 
signals in SHV mode during conditions in which satisfactory 
weather echoes may be obtained. The system differential 
phased, is estimated 72 based upon reflectivity signals 
received from the nearest satisfactory weather or object echo 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
or reflection. System 10 then transmits only through the H 
channel 73 and receives reflectivity signals in both the Hand 
V channels 74. This is a known transmission mode of LDR 
as discussed above. The signal data resulting from step 74 is 
then analyzed and the differential phase between the 
received H and V returns calculated 76 based upon the 
nearest satisfactory weather or object reflection. The value in 
step 76 is the system differential phase on reception or 
d. The system differential phase on transmission d, 
(“SDPT) is then be calculated 77 in accordance with the 
following equation: 

de-do-do. 
A comparison is made 78 between d, and +90° and if the 
SDPT is not within +10° of +90° an alteration to the phase 
shifter settings is made 79, with an assumption that the 
operators will know how to change the settings to result in 
a phase difference closer to +90°. The steps 71 through 77 
are repeated until the SDPT is about +90°. This can also be 
thought of as requiring that magnitude of the SDPT be 
within +10° of 90°. The last successful setting in the phase 
shifter is then used for operation of system 10 in CDR mode 
so that CDR calculations as shown in the method 60 may be 
made. It is recommended that the calibration method 70 be 
performed from time to time and be performed after any 
significant maintenance to the system 10. 

Tables 1 and 2 appear below at the end of this disclosure. 
Table 1 is a listing of abbreviated C++ source code for the 
computer processing in an Intel processor computing envi 
ronment such as a PC, including referencing Intel's Perfor 
mance Primitives library, for executing the steps set out in 
the process 60 and as a software implementation of the 
above disclosed CDR processing methods. Table 2 provides 
a listing of the full C++ Source code in sequential order for 
an Intel processor computing environment for the process 
60. 

Referring now to FIGS. 5A-B through 6A-C, it may be 
seen that a compact switch assembly 90 may be utilized in 
system 10 to replace grouped elements 30 shown in FIG. 1. 
Assembly 90 includes a series of mounting plates 92. 
support blocks 93, support angles 97, support hangers 103. 
and brackets 104 to Support and arrange functional Switch 
elements in the assembly 90 along with waveguides 91 and 
couplers 96 to connect those functional switch elements, and 
to permit transmission streams to be transferred between 
elements and manipulated. 
Assembly 90 includes a pair of star switches 94 for 

controlling the flow of the pulse stream generated by a 
transmitter (not shown) through or around a power splitter 
98 to control the mode of operation of the system 10. A pair 
of circulators 101 is connected to the power divider 98, with 
one circulator connected to a phase shifter 102 as shown. 
Phase shifter 102 includes a setting knob 105 to control the 
degree of phase alteration effected by shifter 102 and pro 
vide adjustments to the system. A choke 106 and dummy 
load 108 are also included, and a limiter 111 is positioned 
between the circulators 101 and any attached down-con 
verter and receiver elements. The switching assembly 90 
receives a full power energy pulse train from a transmitter 
via conduit location 123 and passes the streams out via 
conduit locations 121 (Vertical) and 122 (Horizontal), 
depending upon what mode the system 10 is in (e.g. SHV or 
LDR). 

While I have shown my invention in one form, it will be 
obvious to those skilled in the art that it is not so limited but 
is susceptible of various changes and modifications without 
departing from the spirit thereof. 
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-continued 

else 

const float ln to dB = 4.342944819f 
ippsLn 32f I(cdr out, mom out->gates); 
ippsMulC 32f l(In to dB, ccdr out, mom out->gates); 
mm::pass data (out data, mi); 

cov0 h->clear(); 
cov0 v->clear(); 
covhv = covO h = covO v = NULL; 
return NULL; 

coir proc::cdr. proc( ) 

Having set forth the nature of the invention, what is 
claimed is: 

1. An apparatus for measuring depolarization ratios in a 
weather radar, comprising: 

a. a radar transmitter for generating an energy pulse train 
Suitable for radar transmissions: 

b. a power splitter connected to said radar transmitter for 
dividing said pulse train into two transmission streams; 

c. a phase shifter connected to said power splitter for 
altering the phase of one of said transmission streams 
such that the difference in phase between each said two 
transmission streams is approximately 90 degrees; 

d. an antenna connected to said phase shifter for directing 
said two transmission streams into space in orthogonal 
spatial orientation relative to one another and for 
receiving radar reflectivity signals; 

e. a processor connected to said antenna for processing 
said radar reflectivity signals; 

f, said processor including means for calculating the 
power of a horizontally polarized component in said 
radar reflectivity signals; 

g. said processor including means for calculating the 
power of a vertically polarized component in said radar 
reflectivity signals; 

h. Said processing including means for calculating the 
cross-covariance between said horizontally polarized 
component and said vertically polarized component; 
and, 

i. said processor including means for calculating a circular 
depolarization ratio based upon said horizontally polar 
ized power component, said vertically polarized power 
component, and said cross-covariance value. 

2. The apparatus as recited in claim 1, wherein said means 
for calculating a circular depolarization ratio comprises 

P + P -2R, CDR(dB) = 10log ) 

where P, represents a power of a horizontally polarized 
component of said radar reflectivity signals: 

where P, represents a power of a vertically polarized 
component of said radar reflectivity signals; and, 

where R represents a complex covariance having its 
phase equal to an estimate of a differential phase dDP 
of transmissions in said radar apparatus. 

3. The apparatus as recited in claim 2, wherein said means 
for calculating the power of a horizontally polarized com 
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ponent of radar reflectivity data comprises the sum of the 
square of the magnitude of complex horizontal voltages 
samples taken over a range of 1 to M during a radar dwell 
time period, where M represents the number of radar 
samples taken during said radar dwell time period, and 
wherein said sum is divided by M. 

4. The apparatus as recited in claim3, wherein said means 
for calculating the power of a vertically polarized compo 
nent of radar reflectivity data comprises the sum of the 
square of the magnitude of complex vertical voltages 
samples taken over a range of 1 to M during a radar dwell 
time period, where M represents the number of radar 
samples taken during said radar dwell time period, and 
wherein said sum is divided by M. 

5. The apparatus as recited in claim 4, wherein said means 
for calculating the power of the cross-covariance between 
said horizontally polarized component and said vertically 
polarized component comprises the Sum of the product of 
the complex vertical and horizontal Voltage samples taken 
over a range of 1 to M during a radar dwell time period, 
where M represents the number of radar samples taken 
during said radar dwell time period, and wherein said Sum 
is divided by M. 

6. The apparatus as recited in claim 5, further comprising 
elevational and azimuthal rotary joints, and wherein said 
power splitter and phase shifter are functionally located 
above said elevational and azimuthal rotary joints. 

7. The apparatus as recited in claim 6, further comprising 
a pair of star Switches for directing radar transmissions 
through waveguides in said weather radar. 

8. The apparatus as recited in claim 7, wherein said pair 
of star Switches, said power splitter, and said phase shifter 
are located in a Substantially compact single assembly unit. 

9. The apparatus as recited in claim 2, further comprising 
elevational and azimuthal rotary joints, and wherein said 
power splitter and phase shifter are functionally located 
above said elevational and azimuthal rotary joints. 

10. The apparatus as recited in claim 9, further comprising 
a pair of star Switches for directing radar transmissions 
through waveguides in said weather radar. 

11. The apparatus as recited in claim 10, wherein said pair 
of star Switches, said power splitter, and said phase shifter 
are located in a Substantially compact single assembly unit. 

12. The apparatus as recited in claim 1, further comprising 
means for configuring said phase shifter to alter the phase of 
one of said transmission streams such that the difference in 
phase between each said two transmission streams is 
approximately 90 degrees. 

13. The apparatus as recited in claim 12, wherein said 
means for calculating the power of the cross-covariance 
between said horizontally polarized component and said 
vertically polarized component comprises the sum of the 
product of the complex vertical and horizontal Voltage 
samples taken over a range of 1 to M during a radar dwell 
time period, where M represents the number of radar 
samples taken during said radar dwell time period, and 
wherein said sum is divided by M. 

14. The apparatus as recited in claim 13, wherein said pair 
of star Switches, said power splitter, and said phase shifter 
are located in a Substantially compact single assembly unit. 

15. The apparatus as recited in claim 1, further comprising 
elevational and azimuthal rotary joints, and wherein said 
power splitter and phase shifter are functionally located 
above said elevational and azimuthal rotary joints. 

16. The apparatus as recited in claim 9, further comprising 
a pair of star Switches for directing radar transmissions 
through waveguides in said weather radar. 
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17. The apparatus as recited in claim 10, wherein said pair 
of star Switches, said power splitter, and said phase shifter 
are located in a Substantially compact single assembly unit. 

18. The apparatus as recited in claim 1, wherein said 
means for calculating the power of the cross-covariance 
between said horizontally polarized component and said 
vertically polarized component comprises the sum of the 
product of the complex vertical and horizontal Voltage 
samples taken over a range of 1 to M during a radar dwell 
time period, where M represents the number of radar 
samples taken during said radar dwell time period, and 
wherein said sum is divided by M. 

19. The apparatus as recited in claim 1, wherein said 
means for calculating the power of a horizontally polarized 
component of radar reflectivity data comprises the sum of 
the square of the magnitude of complex horizontal Voltages 
samples taken over a range of 1 to M during a radar dwell 
time period, where M represents the number of radar 
samples taken during said radar dwell time period, and 
wherein said sum is divided by M. 

20. An apparatus for measuring depolarization ratios in a 
weather radar, comprising: 

a. means for generating an energy pulse train Suitable for 
radar transmissions; 

b. means connected to said generating means for dividing 
said pulse train into two transmission streams; 

c. means connected to said dividing means for altering the 
phase of one said transmission stream Such that the 
difference in phase between each said two transmission 
streams is approximately 90 degrees; 

d. means connected to said phase altering means for 
directing said two transmission streams into space in an 
orthogonal spatial orientation relative to one another 
and for receiving radar reflectivity signals; 

e. means connected to said directing means for processing 
said radar reflectivity signals; 

f, said processing means including means for calculating 
the power of a horizontally polarized component in said 
radar reflectivity signals; 

g. said processing means including means for calculating 
the power of a vertically polarized component in said 
radar reflectivity signals; 

h. Said processing means including means for calculating 
the cross-covariance between said horizontally polar 
ized component and said vertically polarized compo 
nent; and, 

i. said processing means including means for calculating 
a circular depolarization ratio based upon said horizon 
tally polarized power component, said vertically polar 
ized power component, and said cross-covariance 
value. 

21. The apparatus as recited in claim 20, wherein said 
means for calculating a circular depolarization ratio com 
prises 

P + P -2R, CDR(dB) = 10los ) 

where P, represents a power of a horizontally polarized 
component of said radar reflectivity signals; 

where P, represents a power of a vertically polarized 
component of said radar reflectivity signals; and, 

a where R represents a complex covariance having its 
phase equal to an estimate of a differential phase dDP 
of transmissions in said radar apparatus. 
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22. The apparatus as recited in claim 21, further compris 

ing means for configuring said phase altering means to alter 
the phase of one of said transmission streams such that the 
difference in phase between each said two transmission 
streams is approximately 90 degrees. 

23. The apparatus as recited in claim 22, further compris 
ing a pair of star Switches for directing radar transmissions 
through waveguides in said weather radar. 

24. The apparatus as recited in claim 23, wherein said pair 
of star Switches, said dividing means, and said phase altering 
means are located in a Substantially compact single assem 
bly unit. 

25. The apparatus as recited in claim 20, wherein said 
means for calculating the power of the cross-covariance 
between said horizontally polarized component and said 
vertically polarized component comprises the sum of the 
product of the complex vertical and horizontal Voltage 
samples taken over a range of 1 to M during a radar dwell 
time period, where M represents the number of radar 
samples taken during said radar dwell time period, and 
wherein said sum is divided by M. 

26. The apparatus as recited in claim 20, wherein both 
said means for calculating the power of a horizontally and 
vertically polarized component of radar reflectivity data 
comprise the sum of the square of the magnitudes of the 
complex Voltage samples taken for each polarized compo 
nent over a range of 1 to M during a radar dwell time period, 
where M represents the number of radar samples taken 
during said radar dwell time period, and wherein said Sum 
is divided for each by M. 

27. The apparatus as recited in claim 26, further compris 
ing elevational and azimuthal rotary joints, and wherein said 
dividing means and phase altering means are functionally 
located above said elevational and azimuthal rotary joints. 

28. The apparatus as recited in claim 27, further compris 
ing a pair of star Switches for directing radar transmissions 
through waveguides in said weather radar. 

29. An apparatus for measuring circular depolarization 
ratios using radar transmissions, comprising: 

a. a radar transmitter for producing an energy emission 
stream Suitable for weather radar usage; 

b. a power splitter connected to said transmitter for 
dividing said emission stream into two emission 
Streams; 

c. a phase shifter connected to an output of said power 
splitter, wherein said phase shifter is adapted to shift the 
phase of one of said emission streams to be approxi 
mately 90 degrees out of phase with said other emission 
Stream; 

d. a pair of circulators, wherein one said circulator is 
connected to said phase shifter and said other circulator 
is connected to said power splitter; 

e. an antenna connected to each said circulator for trans 
mitting said emission streams into space; 

f, an orthomode transformer positioned on said antenna 
for orthogonally altering the spatial orientation of one 
of said emission streams relative to said other emission 
Stream; 

g. at least one radar receiver connected to at least one of 
said circulators for receiving reflectivity data from said 
antenna; and, 

h. means connected to said receiver for processing said 
reflectivity data to produce circular depolarization 
ratios. 

30. The apparatus as recited in claim 29, wherein said 
processing means includes means for calculating a circular 
depolarization ratio comprising 
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P + P -2R, CDR(dB) = 10log P + P + 2 Rhy 

where P, represents a power of a horizontally polarized 
component of said radar reflectivity data: 

where P, represents a power of a vertically polarized 
component of said radar reflectivity data; and, 

where R represents a complex covariance having its 
phase equal to an estimate of a differential phase dDP 
of transmissions in said radar apparatus. 

31. The apparatus as recited in claim 29, further compris 
ing means for calculating the power of horizontally and 
vertically polarized components in said radar reflectivity 
data. 

32. The apparatus as recited in claim 29, further compris 
ing means for calculating the power of the cross-covariance 
between horizontally polarized components and said verti 
cally polarized components in said reflectivity data. 

33. The apparatus as recited in claim 32, further compris 
ing means for configuring said phase shifter to alter the 
phase of one of said transmission streams such that the 
difference in phase between each said two transmission 
streams is approximately 90 degrees. 

34. An apparatus for measuring circular depolarization 
ratios using radar transmissions, comprising: 

a. a radar transmitter for producing an energy emission 
stream suitable for weather radar usage; 

b. a power splitter connected to said transmitter for 
dividing said emission stream into two emission 
streams; 

c. a phase shifter connected to an output of said power 
splitter, wherein said phase shifter is adapted to shift the 
phase of one of said emission streams to be approxi 
mately 90 degrees out of phase with said other emission 
stream; 
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d. at least one circulator connected to said phase shifter; 
e. an antenna connected to said circulator for transmitting 

at least one of said emission streams into space; 
f. an orthomode transformer positioned on said antenna 

for altering the spatial orientation of said at least one 
emission streams: 

g. at least one radar receiver connected to said at least one 
circulator for receiving reflectivity data from said 
antenna; and, 

h. means connected to said receiver for processing said 
reflectivity data to produce circular depolarization 
ratios. 

35. The apparatus as recited in claim 34, further compris 
ing: 

a. means to calibrate said phase shifter such that the phase 
of the horizontal transmission stream and the phase of 
the Vertical transmission stream in said radar are dif 
ferent by about 90 degrees; and, 

b. said processing means further including means for 
calculating the power of the cross-covariance between 
horizontally polarized components and vertically polar 
ized components in said reflectivity data. 

36. The apparatus as recited in claim 35, further compris 
25 ing: 

30 

a. a pair of star Switches for directing radar transmissions 
through waveguides in said apparatus; 

b. elevational and azimuthal rotary joints, and wherein 
said power splitter and said phase shifter are function 
ally located above said elevational and azimuthal rotary 
joints; and, 

c. wherein said pair of star Switches, said power splitter, 
and said phase shifter are located in a substantially 
compact single assembly unit. 

ck ck ck ck *k 


