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MIRA36-2008

Meteorological Ka-Band Cloud RADAR
System Description

Figure 1: Vertically pointing MIRA 36-2008 mounted inside a trailer . The components are
mounted inal 9 0 rFeomiopto bottom: Receiver, transmitter, PCincluding DSP, Console,
UPS, Waveguide drying unit. The Antenna (not visible on this picture) is mounted an the

trailer roof.
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General

MIRA36-2008 is a magnetron based pulsed Ka-Band Doppler radar for unattended long
term observation of atmospheric clouds.

In its standard configuration linear polarized signal is transmitted while co and cross
polarized signals are received simultaneously to detect Doppler spectra of the reflectivity
and Linear De-polarization Ratio (LDR). The reflectivity is used to determine the density of
cloud constituents while LDR helps to identify the target type. Different configurations for
measuring other polarization variables, as e.g. the differential reflectivity or phase can be
developed on request.

MIRA36-2008 is usually installed with a vertically pointing antenna for measuring profiles
from 150 m above ground to the 15 km (above 15 km no signals are observed).
Alternatively a scanning version of MIRA36-2008 is available where the transmitter, the
receiver, and the PC are installed together with the antenna on a scanning pedestal (see
Figure 2). The total weight of the Positioner including the Antenna and the radar
components is 370 kg. It can be mounted on top of a trailer. In this case the trailer hosts the
air conditioning for the radar, the UPS, an additional PC for operating the radar, and the
waveguide drying system.
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Figure 2: ScanningMIRA -2008. An 1. 2 m Antenna is mounted o
two axis positioner allows continuous azimuth and -90 to+90 D eg elevation rotation of the
radar beam.

Antenna

MIRA36 can be delivered with two alternative antenna models. The standard antenna has a
diameter of 1 m and a gain of 49.5 dBi. The side lobe level of this 1 m antenna is -19.5 dB.
For the vertically pointing radar this is sufficient as the signal caused by the biggest side
lobes is -39 dB below the wanted signal (also these side lobes have are tilted only 1 deg
with respect to the main lobe so they produce similar signals as the main lobe). A 1.20 m
antenna with similar gain but much better side lobe suppression can be delivered optionally.
The 1.2 m antenna is recommended only for scanning MIRA36-S to reduce clutter in case
of small elevations where the side lobes may touch the ground.

Additionally a 1.9 m antenna for vertically pointing MIRA36 with 54.5 dBi is available.

All antennas are cassegrain antennas. A circular horn feeds the linear polarized
transmitting signal upwards to the contra reflector from where it is reflected to the main dish
(see Figure 1 or 2). A polarization splitter (orthomode transducer) is mounted at the
backside of the antenna. The co-port of the splitter is used for transmitting and receiving,
whereas the cross-port is used only for receiving.
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The circular feed is covered hermetically. The waveguides connecting the magnetron and
the feed (including the circulator) are pressurized by dry air from an automatic dehydrator.
This is needed to allow the high pulse power of the magnetron transmitter. It also prevents
corrosion in the waveguides.

The cover of the feed is shaped to minimize degradation of the cross polarization
decoupling by water drops.

For the vertically pointing MIRA36 ground clutter is only observed in the range gates below
~ 1000 m (depending on the environment). This ground clutter can be removed by software
which causes almost no degradation of the meteorological signal. Optionally a clutter fence
is available which removes side lobes at angles greater than 60 deg with respect to the
beam direction very efficiently. For suppressing diffraction to horizontal direction it is
manufactured with a spiky rim and lined with weather proof resonant absorber.

Figure 2: MIRA36 with clutter fence.

A regulated heating is installed below the antenna dish to prevent degrading of the beam
shape in case of ice and snow and ice.
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Transmitter

The transmitting signal is generated by a magnetron providing 30 kW pulse power with
pulses of 100 to 400 ns at duty cycles up to 1/500. Due to the high pulse power a fine range
resolution is possible without using pulse compression.

In standard mode (pulse repetition frequency =5 kHz, pulse width = 200 ns, corresponding
to average power = 30 W) the guaranteed life time is greater than one year while the signal
guality remains unattained. The modulator tube has a life time of 3 years.

Depending on the combination of pulse width, pulse repetition frequency and temperature
the magnetron frequency may deviate up to 100 MHz from the nominal frequency. The
local oscillator of the receiver automatically adjusts to the actual magnetron frequency so
this causes no degradation of the radar performance. In case telecommunication
regulations require a closer match between the actual and the nominal frequency, it is
possible to adjust the magnetron frequency mechanically.

The transmitter is mounted in a 19" rack-mount box with a height of 9U (1U = 1.75 inch). It
includes the magnetron, the modulator tube, the high voltage power supplies for the
magnetron and the modulator, the MOSFET pulse driver, the flament power supplies, and
controllers which control and protect the hardware. The transmitter is supplied by 230 VAC.

Receiver

The receiver has two channels, one for the co- and one for the cross-channel. As the
circulator is installed in the co-channel of the receiver, the transmitting signal is fed through
the receiver. Along this feedthrough couplers for the direct and the reverse wave are
integrated. These couplers allow continuous monitoring of the transmitting power and the
antenna reflection (VSWR). The low noise amplifier (LNA) at the input of each receiver
channel is protected by a chain of PIN modulators. The amplified signal (of each channel)
is down-converted in two steps. Depending on the magnetron frequency the first mixer
converts the signal to (1100 +/- 100) MHz. The frequency of the local oscillator of the
second converter adjusts automatically so that the receiving signal is converted to (280 +/-
3) MHz. The noise of the image band is rejected in both conversion steps by band pass
filters. The 280 MHz signal is processed by a digital receiver. The digital receiver approach
used allows simplifying the analogue parts of the receiver, to remove the DC bias, and to
enhance the balance of the | and Q channels which eliminates image Doppler peaks.

The receiver is mounted in a 4 U rack-mount box. In includes all the receiver components
except the digital receiver, and the main controller which arbitrates between the controllers
of all the modules and the radar PC. It is supplied by 12 and 24 VDC from the transmitter.

Doppler Technique
The Doppl er capability of MI RA36 is re
techniqueo: A small fraction of the tra

signal the phase of the transmitted pulse, compared to the local oscillator, is measured.
During the rest of the pulse cycle the phase of the transmitted pulse is subtracted from the
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[-Q-signal. Typically a pulse repetition Frequency (PRF) of 5 kHz is used and the signal of
256 pulse cycles is processed by one FFT per range gate. In this mode the un-ambiguous
velocity range is +/- 11 m/s, the velocity resolution is 0.02 m/s and the minimal temporal
resolution is 0.2 s (no incoherent averaging). Due to the high quality of the phase correction
procedure at this FFT size the spectrum of a hard (fixed) target is almost concentrated on a
single FFT line even if the finest velocity resolution of 0.01 m/s is selected (PRF=2.5 kHz,
NFFT=1024). Using spectral averaging the accuracy of the velocities deduced from
moment estimation are is better than the velocity resolution by a factor 1/sqrt(Nayg) where
Navg is the Number of spectral averages.

DSP

The signals of co- and cross-channel are digitized by the 16 bit ADC LTC2208 from Linear
technologies. It samples the 2" F signal with a sampling rate of 125 MHz and an
instantaneous dynamic range of 84 dB. The band pass filtering which is significant for the
receiver bandwidth, the phase correction needed for Doppler processing, and decomposing
to typically 500 range gates is performed by an FPGA (field programmable gate array, Xilinx
Virtex4LX25) before the signal is passed to the digital signal processor (DSP). Both
channels are processed by one TMS320C6416 from Texas Instruments. It performs the
FFT processing, the noise removal and the calculation of the three spectral moments
(power, Doppler velocity, and Doppler spread) of the dominating peaks. All processing can
be performed for 500 range gates in co- and cross-channel without skipping any sampled
data even if no spectral averaging is selected. The DSP board including the ADCs and the
FPGA is hosted on a PCIX64/66 slot (available on server mainboards) in the radar PC.

PC

A PC mounted in a4 U 1 9rack-mount box performs the following tasks:

Reading the processed radar data from the PCI bus

Saving the data to hard disk

Making the more elaborate data processing like target classification.
Communicating to the radar hardware via RS232

Providing the user interface for the radar operator.

The PC can be operated with Windows or Linux. Server-Client based remote access for the
GUI radar control and data quick look is implemented for Linux. The windows software is
intended for local radar operation only. Remote access is possible by VNC.

Builtin Test Equipment (BITE)

Each module of the radar electronics (transmitter, high voltage power supply, modulator
power supply, receiver, LO frequency control, scanning control units, ..) is equipped with a
microcontroller with analog and digital in- and outputs for controlling the operational mode
and for providing diagnostic information. If the values of any diagnostic parameter are
outside the allowed ranges, the radar operation is stopped automatically to prevent
damage.

The radar PC has access to these controllers through a main controller by a RS232 serial
line. Once per second approximately 50 measured parameters are transmitted to the radar
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PC. These parameters are saved to a log file which simplifies troubleshooting. The BITE
data are analyzed continuously and email warnings are sent out automatically in case of
failures.

Calibration

A permanent on-line calibration system is included in the radar. A fraction of the transmitted
signal is coupled to a thermistor detector in order to monitor the average transmitting power
(=peak power x duty cycle). The receiver calibration can be derived by two alternative
methods:

e The noise floor observed in receiving spectra which do not contain too much radar
echoes corresponds to the thermal noise. The power of the thermal noise is
determined by the receiver bandwidth, the noise figure, and the losses on the
receiving path. As all these quantities can be determined accurately and their
values are constant within +/- 0.2 dB the thermal noise can be regarded as a
calibration source with known absolute power. As the receiver gain is constant in
range (except for the lowest range gates) it is sufficient use one range gate where
only small radar echoes are expectedf or t hi s ft her maHortheoi se ¢
vertically pointing radar the ranges above 14 km can safely be taken for this
purpose. When the radar is not pointing vertically it may be difficult to find range
gates with small enough radar echoes for this calibration. Strong rain also causes a
problem for this calibration procedure as radiometric signals can increase the noise
level by up to 0.8 dB. Also when the amplification of the receiver is reduced to
prevent saturation in case of strong rain then the effective noise figure of the
receiver is increased so it cannot be used for calibration.

e At the end of each pulse cycle (after receiver noise measurement) after the PIN
modulators of the TR switch are opened, the signal from a reference noise source is
introduced at the TR-switch. The power determined in the reference noise gate can
be used for receiver calibration in all situations (even with horizontally tilted beam
and rain). The power of the reference source can be determined by the first
calibration method in situations where it works.

Examples of Data

In Figure 1 a screen shot of the "data client" is shown in. This easy to use program is
provided to visualize the currently measured data. The following plots can be shown:

e Profiles of the SNR = power
¢ Profiles of the radial velocity
e Profiles of the RMS = Doppler spread
e Profiles of the ratio of the power from co- and cross-polarized signal (LDR)
¢ the spectrum of a selected range gate.
The red curves correspond to co- and the blue to cross-polarized signal. The 256 most

recently measured profiles (co- or cross-polarized signal) can be visualized as color coded
plots. Each time an averaging cycle is completed the new profiles are shifted from the left
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side into the color coded plots. In case of the spectra the newest one is shifted to the top of
the image. The peakinthe LDR profile (and less pronounced in the SNR profile) at 1400 m
is caused by the melting layer. This can also be recognized by observing the fall speeds
below and above 1500 m (Where no speed could be detected the velocity is set to zero).

The spectra show a | imitation of the #fAin
range gates where strong signal is received the noise floor of the spectra is raised. The
limitation of the ISDR is caused by the pulse to pulse frequency variations. ISDR is 45 dB
for targets with narrow spectral distribution.

Figure 3 : Screen shot of the data client. a) Profiles of SNR [dB], (x -axis = height [km], red: co -
polar, blue: cross -polar); A) SNR height -timedisplay,(x -axi s = t i me 0b ¢ &hg=
height [km]) ; b) Profile of vertical velocity [m/s];  B) Velocity height -time display; c¢) Co-pol
Doppler spectrum [dB] of range indicated by dotted lineina  (x-axis: velocity [m/s]) ; C) Time-
velocity display ofthe spectrum shownin a,(y-axis : t i me b e f §;d)ProfiepbBR
[dB]; D) LDR height -time display, (x -axi s: t i me b ef @iserangefkmj);0 [ s

spect



