SECTION §
SUMMARY AND CONCLUSIONS

5.1 SUMMARY

The measurements given in this report were conducted on the Unisys wind profiler
located in Platteville, Colorado, operating on the frequency 404.37 MHz.

In assessing the effect of potentially interfering signals on wind profiler performance, we
examined various characteristics such as the type of interfering signal modulation, percentage of
time within each minute that the interfering signal is exposed to the profiler, duty cycle, pulse
width and PRF (if applicable) of the interfering signal. In addition, although the performance of
profilers may vary as a function of design type, the Unisys design that was tested is considered
to be representative of current 400 MHz wind profiler radar technology.

It is important to note that a profiler system, as a coherent processor, experiences the
highest susceptibility to interfering signals when such signals are on frequency and coherent with
the profiler. If the interfering signals are either off-tune or are not coherent, then the profiler's
susceptibility is substantially reduced. If a signal is present only a small percentage of time
within each minute, then the susceptibility is also substantially reduced. For example, in cases
where an interfering radar signal was simulated continuously versus a simulation with intermittent
signals (in which the interference occurred for 1 s out of every 10 s), an increased interference
threshold was observed.

Potentially interfering signals also affect the profiler less if their spectral density is spread
over a larger portion of spectrum, resulting in lower total interfering power in the profiler's
passband. This is expected theoretically, and was confirmed by the measurements. This
means, again, that an on-tune FM signal will affect the profiler less than an on-tune CW signal
with the same power. And, as noted, the coherence or lack thereof of an interfering signal has a
large effect on profiler susceptibility.

Off-tuning any signal has the effect of substantially reducing the profiler susceptibility to
interference and as a result we were not able to observe interference to the profiler with non-
chirped signals tuned 1 MHz off the profiler's center frequency.

Other factors are important in reducing profiler susceptibility to interference. The
presence of a limiter and range-Doppler processing in the profiler receiver system would
significantly lower the susceptibility to low duty cycle interference (e.g., < 1.0%). Also, siting
considerations have an impact on a profiler operation. Having locations in remote areas with a
minimum of urban development will present fewer possibilities for the occurrence of interfering
signals. Terrain that acts in a shielding fashion could also reduce interference from (or to)
ground-based systems.

The results of tests made by injecting signals into the profiler receiver can be sum-
marized as follows. Coherent interference can be a potential problem for a wind profiler, but it is
not expected that any signal will be coherent with a profiler. Pulsed signals can produce notice-
able interference levels if the pulsed input simulates a continuously boresighted radar. However,
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interference susceptibility levels are substantially higher when realistic radar operations in the
440-450 MHz band are simulated (i.e., when the interfering radar signal is injected into the profiler
for 1 s out of every 10). Interference from radars increases in severity as pulse widths lengthen
or if pulse repetition frequencies are increased. The wider the chirp range of a radar, the less
severe the interference potential, given other factors remaining equal.

It is noted that factors such as wind profiler characteristics, performance requirements,

and interference susceptibility may vary depending on the function or mission of the profiler.

5.2 CONCLUSIONS

1.

Emission spectrum measurements conducted on a Unisys wind profiler (both high and
low mode) are shown in Figures 4-2 and 4-3, respectively. These spectra are
asymmetrical about the carrier and show good spectrum conservation, due to factors
such as MSK coding and solid-state transmitters.

Wind profiler measurements showed that subharmonic (202 MHz) and second (808 MHz)
and third harmonic (1212 MHz) emissions (Table 4-1) were in the range of 37 to 60 dB
down from the fundamental. Fourth harmonic (1616 MHz) levels were at least 70 dB
down from the fundamental.

Profiler antenna selectivity characteristics (Figures 4-5 and 4-6) will not improve profiler
resistance to interference from systems tuned to within 10 MHz of the profiler
frequency, but would probably improve compatibility (by providing about 30 dB of
rejection) for systems tuned more than 100 MHz from the profiler center frequency.

The average gain (computed in decibels) of the wind profiler antenna at ground level near
the profiler horizon (Figure 4-11) was measured to be -25 dBi (+8 dB standard deviation).
The low profiler sidelobe levels will enhance profiler compatibility with other systems.

Table 5-1 gives the range of interference threshold levels that resulted in a 3-dB
degradation in profiler S/N for four types of signals that represent typical operations in the
440-450 MHz band. The 3-dB criterion was selected due to the limitation of the
measurement setup and may not be an acceptable level of interference for profiler
performance.

In tests conducted with an ICOM RG-7000 (intended to represent a typical land
mobile/amateur receiver), emissions from the wind profiler were not discernible above
the receiver's internally generated noise at distances exceeding 1.6 km along a single
radial when the receiver was tuned to the profiler center frequency. The receiving system
utilized a vertically polarized omnidirectional discone antenna at a height of 2.1 m above
ground level. Terrain, vegetation, and structural blocking were minimal. These results,
coupled with the remote siting envisioned for (200-500 MHz) profiler systems, indicate
that profiler operations should be compatible with most land mobile/amateur operations.
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INTERFERENCE THRESHOLDS RESULTING IN
3-dB INCREASE IN PROFILER'S SYSTEM NOISE LEVEL

TABLE 5-1

On-Tune 1 MHz Off-Tune
Type of signal® (dBm at Ry input) (dBm at Ry input)
cw -135 b
16 kHz FM° -130 to -135 -80 to -85
Pulse’ -80 continuous signal injection continuous and
intermittent signal injectionb intermittent signal injectionb
Chirp® -60 continuous f

intermittent®

a
b
c
d
e
f

For pulse and chirp signals, the receiver inputs levels are peak values.
The measurements stopped at -70 dBm and the exact value could not be determined.
Tone modulated.

Based on selected input signals, see Section 4.6.

The measurements stopped at -60 dBm and the exact value could not be determined.

Assumed same as cochannel chirp results.

61






LIST OF REFERENCES

Harris, F.J., On the Use of Windows for Harmonic Analysis with the Discrete Fourier Transform,
Proc. IEEE, No.1, January 1978.

Hildebrand, P.H. and Sekhon, R.S., Objective Determination of the Noise Level in Doppler
Spectra, Journal of Applied Meteorology, No. 13, October 1974.

Nastrom, G.D., Gage, KS., Ecklund, S.L., Variability of Turbulence, 4--20 km, in Colorado and
Alaska from MST Radar Observations, J. Geophys, Res. No. 91, 1986.

NTIA/ITS, RSMS Measurement Plan on the Unisys wind profiler, May 1991.

Patrick, G., Richmond, M. (1991), Assessment of Bands for Wind Profiler Accommodation
(216-225, 400.15-406, and 420-450 MHz Bands), NTIA Report 91-280, September 1991,
U.S. Department of Commerce, National Telecommunications and Information
Administration, Washington, D.C.

Recommendations and Report of the CCIR, 1986, Volume V, Propagation in Non-ionized Media.

Schmidt, G., Ruster, R. and Czechowsky, P., Complementary Code and Digital Filtering for
Detection of Weak VHF Radar Signals from the Mesosphere. IEEE Trans. on
Geoscience Electronics, No. 4, October 1979.

Skolnik, H.J., Radar Handbook, 1970, McGraw-Hill, Inc.

63






FORM NTIA-29 U.S. DEPARTMENT OF COMMERCE
(4-80) NAT'L. TELECOMMUNICATIONS AND INFORMATION ADMINISTRATION

BIBLIOGRAPHIC DATA SHEET

1. PUBLICATION NO. 2. Gov't Accession No. 3. Recipient's Accession No.

NTIA Report 93-301

4. TITLE AND SUBTITLE 5. Publication Date
March 1994
MEASUREMENTS OF WIND PROFILER EMC CHARACTERISTICS 6. Performing Organization Code
NTIA/OSM/SEAD
7. AUTHOR(S) 9. Project/Task/Work Unit No.
Daniel Law, Frank Sanders, Gary Patrick, Michael Richmond
8. PERFORMING ORGANIZATION NAME AND ADDRESS 4 9014171

National Telecommunications and

Information Administration 10. ContractGrant No.
179 Admiral Cochrane Drive
Annapolis, Maryland 21401

-11. Sponsoring Organization Name and Address 12. Type of Report and Period Covered
U.S. Department of Commerce/NTIA
179 Admiral Cochrane Drive Technical

. Annapolis, Maryland 21401 13.

14. SUPPLEMENTARY NOTES

15. ABSTRACT (A 200-word or less factual summary of most significant information. If document includes a signilicant bibliography or literature
survey, mention it here.)

This report provides the results of measurements that were conducted on a 404.37 MHz wind profiler
located in Platteville, Colorado. These measurements included: radiated spectra (both high and low mode),
radiated harmonic and subharmonic power measurements, characterization of the antenna frequency response,
determination of the radiated antenna gain values near ground level, susceptibility of profiler performance
to interference from selected emission waveforms, and the effects on a typical land mobile/amateur operation
from wind profiler emissions. In addition, the report presents a detailed wind profiler system description
including operations/functions, system hardware, digital signal processing, as well as an analytical estimation
of the interference effects on profiler performance. The information contained within this report can serve
as an aid in conducting Electromagnetic Compatibility (EMC) analysis to determine compatibility between
wind profilers and other systems.

16. Key Words (Alphabetical order, separated by semicolons)

Wind Profiler Characteristics
Wind Profiler Interference Susceptibility
Wind Profiler Radars
Wind Profiler Radiated Measurements
Wind Profiler System Description

t7. AVAILABILITY STATEMENT 18. Security Class. ( This report) 20. Number of pages
Bl unumieo. UNCLASSIFIED 70
19. Security Class. ( This page) 21. Price:

O ror oFFICIAL DISTR!BUTION.
UNCLASSIFIED





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


