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Special Notes : Vocals 2008
NOAA ESRL PSD3 Stabilized W-band radar for shipboard deployment 

8 October 2008

Introduction   -   See special notes on pages 17, 18
The W-band radar which is designed for use on the Ron Brown has four components : 1) a seatainer with a  roof hatch and a plastic heat-shrink radome, 2) a 2 kilowatt klystron transmitter connected to the RF waveguide section mounted on a frame and a Cassegrain antenna with protective shroud, 3) electronics and computer chassis’ mounted in a rack and 4) a beam positioner mounted on an elevated platform which is used to  compensate for ship motion by keeping the beam pointed vertically. This document does not cover the details of Stabilized Platform, which works independently of the radar. 
The design characteristics of the radar are listed in the appendix B and the instruction to replace the radome in appendix A.
The radar is used to make measurements of cloud water droplets in terms of the calibrated reflectivity, Doppler vertical velocity and distribution of velocities.  The system records hourly files of the moments of the Doppler spectra, system health messages, full spectra data, pitch and roll data from a Crossbow sensor mounted to the seatainer and pitch and roll data as well a vertical velocity from a Kongsberg MRU-Z sensor, mounted on the stabilized platform.
General Operating Characteristics
Two PCs operate the radar and monitor the system using Windows XP software. The radar PC runs the commercial Lapxm software package from Vaisala which generates the pulsing sequence for the radar and collects time series data from the Piraq III digital receiver. The time series data is processed using an FFT algorithm to generate a Doppler spectrum of the radar echo.  Several spectrums are averaged and then the moments of the spectra are estimated. The return power is calibrated into dBm and converted to reflectivity factor using a radar constant computed from the known radar characteristics. The moment data, along with the reflectivity and full spectra are stored in hourly files in NetCDF format for archiving. Spectra files are stored on a external drive on the radar PC.
The data management PC is used to store the moment NetCDF files from the radar along with the health messages and positioned pitch and roll sensors. Both PCs maintain GPS time synchronization using special hardware and software developed at ESRL. The dm PC runs several LabView programs that pull in the pitch and roll data from the Kongsberg MRU-Z and the Crossbow sensors. A radar monitor program keeps track of power supply voltages and system health. The monitor program also talks with the transmitter and controls its operation when the transmitter is set for remote mode. The UPS system that is connected to the PCs is monitored and controlled to provide for orderly shutdown in a power failure. A separate UPS runs the transmitter, but it is not monitored by the dm PC.
System Configuration 

Electronics Rack (bottom to top)
Best UPS
provides power for units 3-8

Monitored by dm PC, shuts system down when battery low

APC UPS
Provides power for transmitter and GPS time sync box

Interface Chassis
Low voltage power supplies, monitors voltage
Buffers radar timing signals
Buffers local oscillator from radar timing card

Receiver/Modulator Chassis

Generates 60 MHz IF Tx pulse

Blanking circuit for 60 MHz received IF
Radar PC
Generates radar timing with radar controller card

Samples time series with Piraq III digital receiver card

Runs Lapxm radar operating system – stores NetCDF files for moments (local drive) and spectra (external drive)

Runs GPS time sync software
Data Management PC
Runs radar monitor LabView software

Controls the transmitter and radar system UPS 

Records sensor data form Crossbow and Kongsberg sensors

Runs GPS time sync software

Pulls moment NetCDF files from radar PC and adds health message
Deletes oldest files as space is needed in Archive folder
Calibrates transmitted power 

Digital Oscilloscope

Samples and displays transmitted pulse – the scope is setup by the radar monitor software.
Spacek Labs, Coherent Up/Down converter 2.160 GHz IF stage
Up converts 60 MHz IF Tx pulse to 2160 MHz
Provides 100 MHz reference oscillator

Down converts 2160 MHz to 60 MHz Rx IF
Provides power for RF stage modules

Level set knob to adjust pulse level
Applied Systems Engineering, transmitter power supply/controller

HPIB control interface with local and remote operations
Low voltage power supplies

Front panel control and display
Transmitter warm up and cool down modes

System fault monitoring and restart
RF Rack (mounted on positioner platform)
RF up converter – 2.160 GHz to 94.56 GHz
15,4 GHz phased locked oscillator and indicator signal

46.2 GHz local oscillator for converter stages
RF high voltage modulator and klystron chassis
Amplifies RF input to 1800 Watts output
Monitors reflected power into tube

Provides detected output power and RF monitor
Receiver protection waveguide circuits
Isolates klystron output from waveguide mismatch

Switch controller gates transmitter when switches active

Isolates the LNA during transmit pulse and provides guard bans
Low Noise Amplifier and RF down converter – 94.56 GHz to 2.160 GHz 
Provides a 4.9 dB noise figure LNA
12 inch Cassegrain antenna and shroud, lined with micro-wave absorber

Antenna gain of 46.1 dB

-19 dB sidelobes

0.70 degree beamwidth

20 dB absorptive foam lined shroud for environmental protection.

Data file management
radar PC
d:\mmcr\Mmcr_data
20081281635MMCRMom.nc

(YYYYJJJHHMM)
hourly moment files





    (start time)

Note: this is the active file for the radar – this file is moved to the dm PC at five minutes after the hour
f:\COWS-data

20081281635MMCRSpecMom.nc
(YYYYJJJHHMM)
hourly spectra/moment files
Note: ACTION ITEM these files are on the 500 GB external drive – the drive needs be changed about after about 14-20 days.
dm PC
c:\mmcr\data\archive
20081281635MMCRMom.nc

(YYYYJJJHHMM)
hourly moment files


20081281635ELog.txt





Error log 

20081281635Health.txt




Health message

20081281635Kongsberg.txt




Pitch/roll from platform


20081281635Crossbow.txt




Pitch/roll from ship


20081281635XmitPower.txt




One minute transmit power

Note: These files are deleted automatically by the ManageDiskSpace software , oldest first, as space is needed on the hard drive
c:\mmcr\data\ARM
20081281635MMCRMom.nc.zip
(YYYYJJJHHMM)
hourly moment zipped files


20081281635ELog.txt





Error log 

20081281635Health.txt




Health message


20081281635Kongsberg.txt




Pitch/roll from platform


20081281635Crossbow.txt




Pitch/roll from ship


20081281635XmitPower.txt




One minute transmit power

Note: ACTION ITEM these files should be transferred to a back up storage drive at least every few days and removed from the folder. The original files will remain in the archive directory until space is needed.
Operating Procedures
Manual start – radar data collection 

Both computers are on- no data collection software running.

dm PC
Launch the radar monitor program using the Icon on the desktop.

 A labview window will appear with a sliding green bar as the software setup runs. 
Press the transmitter button on the screen using the mouse – if the remote enabled indicator is red then push the REM/LCL button on the transmitter panel – it should change from red to green.

Press the ON button with the mouse – the display panel on the transmitter front panel should show the delay timer count down. The unit will warm up for 3 minutes.
Launch the Kongsberg data collection program using the Icon on the desktop. In the window data values should appear.
Launch the Crossbow data collection program using the Icon on the desktop. Data values should appear in the window.(Note: Skip this when the Crossbow is removed)
Wait until the transmitter display indicates it is Standby.
Note: the radar monitor software will attempt to keep the transmitter in operate mode when the transmitter is in remote.
radar PC

Using the Icon on the desktop launch Lapxm.
Press the radar iCon on the far left to bring up the Lapxm control window.
Locate the small window to identify the config file “VOCALS2008.cfg” and press the start button with the mouse.
A contour plot will appear that changes with each new beam.
The red transmit light on the interface chassis will be blinking.
Switch to the dm PC 

In the transmitter window press the Operate button with the mouse. 
The transmitter display will show the high voltage supply slowly ramp up to operating voltages.

Note the pulse in the scope display – it should be a clean pulse with a flat top. The display intensity should be set to minimum level, but it can be brightened to observe the pulse – return to low intensity after set is complete.
Adjust the pulse shape using the rotating attenuator on the Spacek up/down converter front panel to obtain a rectangular pulse with a flat top.
Switch to the radar PC
Press the options button with the mouse 

Select the Contour mode from the options on the left side of the screen

If there are strong clouds visible overhead the display will show the echo.

Check the d:\mmcr\Mmcr_data directory (on the radar PC) for currently open file with the current start time.

Manual Stop – radar data collection
Transmitter front panel
Press the REM/LOC button and note the display indicates the unit is in local (LCL)

Note: the radar monitor software will attempt to keep the transmitter in operate mode when the transmitter is in remote.
Press the Standby button to turn off the beam. The detected transmit pulse on the scope should now be gone.
Press the ON/OFF button to turn the transmitter off – the unit will enter a 3 minute cool down cycle.

Switch to the radar PC
In the Lapxm window press the unload button with the mouse.
Switch to the dm PC 

To turn off the radar monitor use the “stop radar monitor” button – this is the rectangular button on the right .

To turn off recording of the Kongsberg or Crossbow sensors use the stop button or the kill button (X) in the upper right corner.

The system is now off and not running any data collection software.

AutoStart – from reboot or power fail recovery

Both PCs will be turned on at the same time by the UPS when recovering from a power failure. If the PCs are turned on manually, turn on the radar PC first. The dm PC has a built in 60 second delay to allow the radar PC to map its disk drive folders for file sharing. The radar PC will start Lapxm using the VOCALS2008.cfg file, and data collection will begin shortly. The transmit light on the interface will blink when the software is running. 
The radar PC requires a login. The user is “cows-radar” and the password is also, “cows-radar”. 

The dm PC will start the radar monitor software, the Kongsberg and Crossbow sensor logger software on startup.  The radar monitor will start the transmitter warm-up cycle and operate it when ready.  There will be about 3-4 minutes of data collected by Lapxm while the transmitter is warming up.

Radar Calibration – Vocals 2008
The calibration of the radar data for the 2008 VOCALS cruise makes use of an internal calibration method that calibrates all of the components and combines these measurements to determine the radar constant used in the computation of the reflectivity factor. A more conventional method of using a standard cross section target was not available before the cruise. Future work will use both methods and compare the results.
Range delay  – This was performed in Boulder using a calibrated 15 micro-second delay line for four transmit (receive) pulse widths (bandwidths) 125ns, 167ns, 208ns and 293ns. The coupled output port of the transmitter was feed back into the receiver. The delay line was introduced into the 2160 MHz IF section of the receiver and the system delay was adjusted until the received pulse was centered at 2250 m.
Transmitted power – A calibrated power meter was used to measure the power in milliwatts at the RF test port on the transmitter. The test port was calibrated at the factory with typically 40 dB of coupled power.  A calibration curve was created for the detected RF port on the transmitter,  that compares the detected signal (millivolts) versus the computed peak power from the RF test port. The curve is stored by the radar monitor software. When the transmitter is running the detected signal is calibrated using this curve. Hourly averages of the peak power (dBm) are used by Lapxm to computer reflectivity. The transmitted power is measured at the output of the tube and does not include losses in the waveguide (these losses are accounted for in the system losses)
Antenna gain and beam width – The antenna was calibrated on a near field range at Millitech Corp, the original manufacturer. The gain is 47.3 dB (no radome losses) with major axis beam widths of 0.70 and 0.76 degrees. The one way radome loss was estimated at 0.2 dB.

System losses - These include waveguide losses from the output of the tube to the antenna feed port (4.0 dB), receiver switch losses (2.2 dB) and matched filter losses (2.3 dB).

Receiver/processor gain – A calibrated HP signal generator was used to drive the up converter input at the first IF of 60 MHz. The frequency was offset from the local oscillator by ~600 Hz so that signals measured by the radar processor would appear with a Doppler offset of 1ms-1. (This is necessary due to the bias the DC removal algorithm has on the power estimates in the spectral processing, if the signals have zero Doppler offset). The RF transmitter driver output signal (at 94.56GHz )was calibrated using the RF power meter. The power meter sees the local oscillator signal at 92 GHz from the last conversion mixer as well as the desired output signal. The 92 GHz signal is measure separately and the bias from the 94.56 GHz signal is removed. The driver output signal is assumed to be linear for small signals used in the measurements. This procedure provides a calibrated measure of the RF output drive signal versus input drive from the HP signal source. The driver signal was feed through a calibrated RF attenuator into the LNA of the receiver to provide protection for the LNA. The radar processor is run and the signal power for several ranges are measured in the processors signal power dBi units.  For this test the measured power of thλe processor was 108.3 dBi, the attenuator was 20 dB and the output power of the driver was -49.2 dBm. The resulting receiver/processor gain is 177.5 dB. The received power is computed from  

Calibrated received power (dBm)  = SignalPower (dBi) – 177.5 dB
Radar constant – The Probert-Jones radar equation is used to compute a radar constant from individually calibrated system components.
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λ = radar wavelength (m) = 3.9 mm
LSYS = System Losses = 4.0 dB (Tx path) + 2.2 dB (Rx path) + 2.3 dB (Matched filter) = 8.5 dB
PT = Peak transmitted power (milliwatts) = 62.4 dBm
G = Antenna one way gain – includes radome loss = 45.9 dB
φ = beamwidth (radians) = 0.70o
θ = beamwidth (radians) = 0.76o
Δ R = range cell depth (m) = 25m
K2 = complex index of refraction for water at 20oC = 0.828
Radar Constant = RC

RC (dB) = 10 log (RC) = 19.613 dB
Calibrated Reflectivity

The measured signal power in dBi is converted to calibrated received power (dBm) by subtracting the receiver gain in dB. The range squared loss is added in dB and radar constant is included:

Reflectivity (dBZ) = Receiver power (dBm) + 20 log (Range(m)) + RC(dB)

Note: The receiver gain and the radar constant are stored in the CalTable.nc file, which holds a copy of the operating parameters for the radar.
Appendix A
September 30, 2008

Procedures for W-band Antenna Radome

The W-band radar radome is made from a 7 mil thick piece of plastic. The roll that was used to cut the radome from it was 14 feet wide. The plastic sheet was laid out and cut to a length of approximately 8 and ½ or 9 feet. The sheet was then cut in half along its length to make a radome approximately 7 feet by 8 and ½ or 9 feet, before shrinking. The radome is to be heat shrunk in an area that is as free from wind as possible, and cannot be near any source of heat or flame. If two people are available to do this procedure, it will be best. The plastic is formed to the aluminum radome frame using a propane heat gun. The propane heat gun is to be used with any propane source similar to a standard propane tank, such as those used with camping trailer or barbeque grill. Do not use a propane tank that is used to drive forklifts or other vehicles, as these are liquid withdrawal tanks and not vapor withdrawal tanks.


There will be several supplies needed before heating plastic onto radome frame:

1. Black shrinkfast heat gun case. Inside the case will be a shrinkfast 998 heat gun, regulator, connecting hose, wrench, cutting blades, safety cage with small bag of screws and connecting tubes. There should also be a small bag of white plastic grips used for the plastic strapping. 

2. Plastic strapping. The strapping is in a white cardboard box approximately 8 inches square by ½ inch thick. It should be in the W-band Harding case outside the W-band seatainer door near the air conditioner. 

3. Propane tank.

4. Radome plastic, housed inside the FedEx tubes, found inside the W-band seatainer.

Once all the supplies have been gathered, assemble the heat gun with the safety cage screwed to the side of the gun. Connect the regulator to the tank and tighten the left handed threads (opposite direction than standard bolts and such) with the wrench included in the heat gun case. Do not adjust the regulator. Next connect the hose to the regulator and heat gun and tighten using same wrench.

1. Assemble a plastic strap. The plastic grips are in a clear bag that should be inside the heat gun case. The plastic grips have one slot on each end. Using a plastic grip, insert one end of the strapping into the grip until strap is stopped by the grip wall. Pull out enough strapping to wrap the radome circumference, plus a few extra feet. Place strapping through opposite end of grip until strapping is very loosely around the circumference of the radome frame. Remove strap. 

2. Lay radome plastic over radome frame.

3. With the help of another person if possible, wrap the radome with the plastic strapping and place strapping near base of radome frame where the wall of the radome meets the flat surface of the radome plate. Loosely snug strapping around radome frame.

4. Around the wall of the radome, tuck and fold the radome plastic, similar to wrapping a present, in several areas to help snug plastic around radome wall.

5. Tighten strapping slightly so that is loosely snug around base of radome wall.

6. Trim the plastic approximately 6 or 8 inches from the base of the radome wall, using a red cutting blade in heat gun case or pair of scissors, so that the plastic now resembles a circle instead of a square.

7. Ignite heat gun by compressing rear safety trigger with the palm of the hand and slowly squeezing the front trigger with the fore fingers. You will hear the gun ignite and will notice the large amount of heat coming from the gun. You may have to try this several times if the gun does not ignite. DO NOT PLACE HAND NEAR GUN.

8. Once gun has ignited, apply heat from approximately 2 feet away. The heat gun should always be in motion, similar to painting with a spray can, but not as quickly. Do not keep the gun in one position for any length of time.

9. Start applying heat where the base of the radome wall meets the flat plate of the radome frame. First apply heat where the tallest point of radome is. Move the heat gun in closer until the plastic has visibly started to heat and shrink in the base area. Move heat around the wall of the radome frame. You will notice when the plastic has reached its shrinking point. Always keep the heat gun moving to avoid burning a hole in the plastic.

10. Shrink the radome plastic around the wall of the radome frame before applying heat to the top of the radome.

11. Apply heat to the top of the radome first near the edge where the top surface meets the walled surface. As the heat gun is moving, you will eventually see the plastic shrink, and wrinkles will disappear and become smooth. Once the area has started become smooth, move across the radome until the top plastic appears smooth and tight.

12. Tighten the strapping as tight as possible. The excess strapping may break due to the heating from the heat gun. Add an additional strap towards the upper edge of the small end of the radome wall, so that there will be two straps holding the radome plastic to the radome wall.

Appendix B  Radar characteristics

	Platform
	Shipboard
	NOAA P3 Aircraft

	Application
	Cloud Properties
	Sea Spray

	Frequency
	94.56 GHz
	94.56 GHz

	Peak/Avg Power
	1750/5W
	1200/1 W

	 Platform Altitude
	Sea surface
	5k-10k ft (1.5-3km)

	PRF MAX
	10 KHz
	10 KHz

	Antenna
	12 in Cassegrain
	24 in Cassegrain

	Pulse Width
	167ns (PM), 
	50 – 100ns (PM)

	Range Cell Size
	25 m 
	7.5 – 15m

	Number of Range Cells
	120 
	100 – 200 

	Range from Platform
	3 km (PM)
	Sea Surface 

	Velocity Resolution
	10.3 cms-1
	6.2 cms-1

	Max Radial Velocity
	± 6.6 ms-1
	± 7.9 ms-1

	Receive Polarization
	Linear V
	Linear V

	Transmit Polarization 
	Linear V
	Linear V

	Number of Receivers
	1
	1

	Temp. Stabilized RF
	No
	Yes

	Pressurized Enclosure
	No
	Yes

	Operations Panel 

& Separation

Remote Operation
	Yes

10 ft

No
	Yes

20 ft

Maybe

	Antenna Beam Positioner
	Pitch-Roll

Compensation
	None

	Pointing Directions
	Vertical
	Nadir

	Signal Processing 
	Average FFT

0.33 s dwell time
	Average FFT

0.2 s dwell time

	Platform Integrated Data
	ITP, RSM, PVV
	ITP, RSM

	Data Archive
	Moments, 

Avg. Spectra
	Avg. Spectra

Calibration variables 

	Sensitivity 
	-27 dBz

(R = 2km)
	-28 dBz

(R = 1km)

	Power (estimate) 
	120 VAC 

@ 8 amps
	120 VAC 

@ 10 amps


Notes:

PM = Standard Pulsed mode


ITP = Inertial time, position, velocity

CPM = Compressed Pulse Mode


RSM = Radar systems monitor

PVV = Platform Vertical Velocity

 Vocals 2008 Special Notes 





11 October 2008
NOAA ESRL PSD3 W-band radar

1. Minimum ranges reflectivity – a special guard band signal has been set around the received signal to prevent large RF pulses from damaging the LNA at the lowest ranges. The reflectivity values from the lowest 100m are biased low by the guard signals and are not corrected.
2. LNA – the low noise amplifier was damaged due to a larger RF pulse getting past the protection circuits – the damage occurred sometime between Oct 8 -9. The amp has been replaced with one of the driver amps for the transmitter which wasn’t needed. The characteristics of this amp are not known but it is assumed it is a standard amp with a high noise figure (~10 dB) not 4.9 dB for the LNA. McGill Univ has loaned us a spare LNA but it hasn’t been installed due to the uncertainty of the LNA failure.
3. Switch controller – the diode display has been removed as it appears to be shorting out. This short caused the controller to be placed into the Manual Control and the Computer control mode simultaneously and may have caused the failure of the LNA due to switch timing problems. This problem was detected after the LNA failure.
4. IF amp (Amplifier Research 60 MHz) – A 60MHz IF amp was installed on the rear of the Spacek up/down converter and is powered by the rear +12V connector. A 13 dB attenuator is place in series with the output. This amplifies the signal to raise the noise level above the internal digital noise of the receiver. Note  the amp has a strain relief nylon cord  (and a cable tie) holding it in place – ACTION ITEM this should be checked daily.
5. Kongsberg start up problems – There have been some intermittent start up problems with the Kongsberg (KB) Logger software on the dm PC. Sometimes the software fails to see the KB even though the serial ports are working and other devices can read the same serial line. We have rebooted the PC with KB serial port unplugged, then plugged the two together and had success.
6. Noise level checks – monitoring the noise levels in the Lapxm window will help monitor any problems with the LNA – ACTION ITEM Log the noise level in the logbook. In the Lapxm window select the option button and then select Table in the left hand button. Use the hold button to freeze the display then scroll down to the last range gate. The average noise level is at the bottom of the column. Turn off the hold button when done and return the display to contour
7. External drive procedures – To replace the external drive on the radar PC go the Lapxm radar window and press the unload button. It is now safe to remove the drive using the remove USB device with “green arrow” button. To install a new drive for recording the folder “cows-data” should be created before starting Lapxm. To update or copy new files to the external drive on the dm PC it is best to avoid doing so at 5 minutes past the hour as this is when the dm PC pulls files over from the radar PC and updates the archive and ARM folders.
8. Crossbow  - this was not working and was removed for the VOCALS cruise
9. Beam positioner – this would occasionally start oscillating with a 1 HZ or greater small amplitude – Sergio thought it was associated with some rapid vibration felt in the platform.
10. Logbook – ACTION ITEM update the logbook any time a data run is started or stopped or changes are made in the radar setup that would affect the data or the calibration.
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