






Figure 5.8. Hurricane Felix single profile at 40 mm rain rate shown with 20,000
averages, noise removal, and range correction.
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Figure 5.9. Hurricane Felix single profile at 40 mm rain rate shown with 20,000
averages, noise removal, and range correction.
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Figure 5.10. Ku-band 30 deg, Comparison of Hurricane Rita and Felix 20000 aver-
aged profile noise floor.

59



5.5 Hurricane Felix Spectral Processing Preliminary Results:

Spectral processing is useful since it can show the full Doppler spectrum rather

just an estimate of the spectral moments using the pulse pair algorithm. Pulse

pair algorithm assumes a Gaussian distribution for the Doppler spectrum and es-

timates the first three moments of the Doppler spectrum. Doppler spectrum is not

always Gaussian shaped. There are occasions when it contains two components to

the Doppler spectrum representing a bimodal distribution rather than Gaussian. This

results in inaccurate estimation of backscatter power when pulse pair technique is em-

ployed. Spectral processing helps with separating the contributions from two sources

of backscatter from both ocean surface return and volumn backscatter.

Figure 5.11. Ku-band 30 deg, FFT of 200 profiles.

The Ku-band’s 30 degrees incidence angle will be used in this section for spectral

processing. Range gates that are close to the ocean surface will contain contributions

from both the stationary ocean surface and the more turbulent rain filled atmosphere
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at slant incidence angles. The Doppler spectrum for those range gates will be com-

posed of two components of two different Doppler frequencies. Figure 5.11 shows

the Doppler spectrum for all range gates, it was obtained by taking the Fast Fourier

Transform (FFT) of 200 consecutive profiles. The bright vertical line represents the

volume return from precipitation. The big bright region in the lower part of the graph

represents the ocean surface return.

Figure 5.12. Ku-band 30 deg, FFT with 128, 256, and 512 points, showing ocean
surface and volumn contamination range gate number 155.

When computing the FFT, it is more efficient to use a number of points that

is a multiple of two. Figure 5.12 shows different number of points multiples of two

used when computing FFT. 128 point FFT appears to have low spectral resolution,

where 512 point FFT has higher resolution. However higher number of points used

translates to more noise.
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Figure 5.13. Ku-band 30 deg, 512 point FFT of range gates of the contaminated
range gates close to the ocean surface.

Figure 5.13 shows 512 point FFT over eight range gates close to the ocean surface.

One can see the disappearance of the volume backscatter and the emergence of the

surface backscatter as range gate progresses closer to the ocean surface. Similar plots

were made using 128 point FFT and 256 FFT. It is clear that using 512 point FFT

the two contributions can be separated.

It was shown in this section in one particular example of raw data that the con-

tribution of from the ocean surface and atmospheric backscatter and be individually

identified. Given that the two components are found, the question becomes how is it

possible to distinguish between the two contributions. It can be seen in Figure 5.13

that both contributions vary in amplitude as a function of distance to ocean surface.

Moreover, due to the azimuthal rotation of the antenna, the atmospheric backscatter
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goes from positive to negative Doppler frequency, with the ocean surface backscatter

lagging in frequency. There are times where the two contributions are completely

embedded within each other. More work need to be done in terms finding the fitting

algorithm to remove one contribution from another.
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CHAPTER 6

CONCLUSION

6.1 Summary of Work Completed

This thesis described the system improvements made from 2005 to 2007 on IWRAP.

IWRAP sensitivity was improved by means of modifying the Ku-band system front-

end. This was achieved by obtaining a new LNA with improved noise figure, and also

by reconfiguring the front-end in a more efficient setup such that the loss between

the antenna and the LNA is minimized, this was made possible by a dual rotary joint

such that the front-end can be placed on the antenna. As a result, the overall system

noise figure is improved by more than 7 dB. With the new front-end configuration,

there was a problem of calibration pulse fluctuation due to the fundamental limitation

of the dual port rotary joint, the problem is diagnosed and mitigated by combina-

tion of relocating components and rewiring the power lines, and the installation of

microwave absorbers. As a result, the fluctuation is contained to a acceptable level

and it is characterizable due to its rotational dependence.

A raw data acquisition system Pentek 7631 was implemented in 2005. Due to the

shear size of the raw data volume, an effective data processing method, a software

based pulse pair algorithm was developed. Data can now be processed to store accu-

mulated sum of raw power and covariance. To ensure successful radar operation, Real

time display software was developed in the form of power range gate plot for each

of the four radar channels and also a PPI display showing reflexivity equivalent and

Doppler. A new encoder acquiring the antenna position data was also implemented

and successfully tested providing us more precision when recording antenna positions.

64



With the data collected in multiple experiments, we were able to verify these

hardware improvements. We showed selected measurements in Hurricane Rita and

Felix including eye wall penetration during maximum winds. Winter 2006 experiment

we were able to validate ASCAT measurements by modifying IWRAP to transmit 60

degree incident angle at C-band. High wind model function is being developed. Data

collected after Ku-band improvement does show the ability to profile further into the

atmosphere potentially expand the region of data sets where two frequency method

can be applied. Finally, with raw data, we have the potential of separating the echo

from ocean and atmosphere. Using FFT, we are able to see the contributions from

the two constituents in data at close range to the ocean surface.

6.2 Future Work

It has been shown that it is possible to separate contributions from ocean surface

and volume using raw data. It is hypothesized that efficient spectral signal processing

algorithms can be implemented in real time or near real time. We will investigate sig-

nal processing approaches and wind retrieval methods to derive wind and reflectivity

fields from data collected by IWRAP. A more automated spectral signal processing

algorithm must be implemented to prove its working in real time. And comparison

with other measurements such as drop sonde to verify the algorithm is working. Once

completed, it is possible to derive atmospheric wind all the way down to the ocean

surface.

Ku-band front-end upgrade should be revisited in order for calibration pulse fluc-

tuation level to be less than 1 percent. Rotary joint isolation issue must be resolved.

It is necessary to increase isolation between the two channels or put more gain on

the antenna however may not be the most elegant solution. Although there was sen-

sitivity improvement in Ku-band measurement, its not enough in order to penetrate

all the wall down to the surface. Other method such as implementing pulse compres-
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sion should be investigated. For future UAV based instruments, pulse compression

is required due to the high altitude. IWRAP could be a proof of concept for such a

project.

New dual-polarized antenna with better gain and cross-polarization ratio would

allow retrieval of C- and Ku-band, H- and V-pol profiles from precipitation. With

this capability at different incidence angles, it is possible to investigate best possible

scenario setup for measurement of precipitation and for ocean surface backscatter

under extreme conditions. By looking at the different polarization, band, and inci-

dent angles, the results could prove of importance for future spaceborne instrument

designed for studying ocean surface vector wind and tropical cyclones.

With enough sensitivity to profile down to the ocean surface and the ability to

separate contribution from both the surface echo and the volume echo, benefit of such

a system is enormous. The attenuation from rain would be better understood, and

more complete atmospheric as well as ocean surface wind measurements are possible.
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APPENDIX A

DOPPLER SPECTRUM OF CONTAMINATED RANGE
GATES

Figure A.1. Ku-band 30 deg, 128 point FFT of range gates of the contaminated
range gates close to the ocean surface.
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Figure A.2. Ku-band 30 deg, 256 point FFT of range gates of the contaminated
range gates close to the ocean surface.
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APPENDIX B

DATA STRUCTURE AND PRODUCTS

The Pentek output of raw data structure is shown in Table B.1. Using the pulse

pair algorithm described in Chapter 4.2, the data volume is significantly reduced.

moreover, the pulse pair data structure, Table B.2, is not the same as that of the

raw data, keeping only the encoder information, and navigation data, processes I

and Q, deriving power and covariance, which is one step closer of deriving sigma0

and Doppler velocity. Figure B.1 shows a flow chart of data and possible products

generated by IWRAP. Fast Fourier Transform (FFT) can be performed on the raw

data allowing the capability of spectral processing. Navigation data from the NOAA

P3 data stream is appended in IWRAP raw data, useful in flight information such as

latitude, longitude, time; behavior of the aircraft such as airspeed, altitude, roll, pitch,

and yaw; in flight measurements such as in flight wind speed, but most importantly

the SFMR, or Stepped Frequency Microwave Radiometer provide wind speed and rain

rate. SFMR information is crucial component of IWRAP data set because it measures

the integrated rain rate of the entire sampled volumn which serves as validation for

IWRAP measurements. Navigation data structure is show in Table B.3.
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Element Name Definition Size [bytes]
header ”HEADER!” 8
hdct Number of ”HEADER!” counted 4
status - 4
timehi UTC time part 1/2 4
timelo UTC time part 2/2 4
lengthi Length of in phase part of the signal or I 4
ichan In phase for 4 PRF cycles 2048
lengthq Length of quadrature part of the signal or Q 4
qchan Quadrature for 4 PRF cycles 2048
encodc C-band antenna azimuthal position data 2
encodku Ku-band antenna azimuthal position data 2
nav 1 Hz navigation data total of 34 parameters 136
PACKET SIZE Total size of each raw data packet 4268

Table B.1. Raw data packet format

Element Name Definition Size [bytes]
hdct Number of ”HEADER!” counted 4
timehi Part 1 of UTC time 4
timelo Part 2 of UTC time 4
pwr Accumulated power for 250 range gates 500
cov Accumulated covariance for 250 range gates 500
encodc C-band antenna azimuthal position data 2
encodku Ku-band antenna azimuthal position data 2
nav 1 Hz navigation data total of 34 parameters 136
PACKET SIZE Total size of each pulse pair packet 1152

Table B.2. Pulse pair data packet format
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Element Name Definition Size [bytes]
1. DATE UTC date 4
2. TIME UTC time 4
3. SLA Latitude 4
4. SLO Longitude 4
5. SGY Aircraft velocity North (m/s) 4
6. SGX Aircraft velocity East (m/s) 4
7. SVS Aircraft velocity Vertical (m/s) 4
8. SDA Drift angle 4
9. SHD Heading 4
10. SPC Pitch 4
11. SRL Roll 4
12. TK Track 4
13. GS Ground speed (m/s) 4
14. TSM True air speed (m/s) 4
15. RA Radar altitude (m) 4
16. WD Flight level wind direction 4
17. WS Flight level wind speed 4
18. WZ Flight level wind speed vertical 4
19. TA Flight level temperature 4
20. RD Downlooking radiometer in celsius 4
21. RS Sidelooking radiometer in celsius 4
22. TD Dewpoint temperature 4
23. RH Relative humidity (percent) 4
24. SP Surface pressure (mmb) 4
25. PS Selected pressure either PS1 or PS2 4
26. BT1 AXBT channel in celsius 4
27. BT2 - 4
28. BT3 - 4
29. SFWS AOC SFMR windspeed 4
30. SFRR AOC SFMR rain rate 4
31. SFDV AOC SFMR error flags 4
32. SFWSM Umass SFMR windspeed 4
33. SFRRM Umass SFMR rain rate 4
34. SFDVM Umass SFMR error flags 4
PACKET SIZE Total size of each navigation packet 136

Table B.3. Aircraft navigation data packet format
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Figure B.1. IWRAP data processing and product flow chart.
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