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Introduction

Radar is now playing a more and more important role in modern high-technology war,
but it is also faced with the crucial anti-radar circumstances!'™). Passive radar utilizing
radiation from other illuminators has emerged in the last decade. The most typical
systems for them may be ‘Silent Sentry’® system designed by Lockheed corp. Here
our main focus lies in PCL™  radar. Just as airborne early warning radar is just lifting
the radar to a higher elevation of aircraft, with the rapid development of PCL, it is easy
to deduce a PCL AEW system which should be more powerful than either of
themselves.

PCL AEW Principle

The airborne PCL radar detects and locates the targets such as aircraft utilizing the
scattering and reflecting echoes from the targets as well as the direct radiation
reference signals from the illuminators. These two signals are usually respectively
received by two sets of antenna or antenna array and the following receiving channels
and then are fed to coherent location processing!”. The targets in the ovals centered
around the transmitter or the PCL receiver can be monitored and tracked, furthermore
the distance, velocity and azimuth information, even type and model information about
the targets can be obtained by means of array signal processing and data fusion
technologies. It can make full use of AEW’s large coverage and PCL radar’s passive
and silent advantages at the same time, so as to play an important role in future civil
and military application. A PCL AEW radar system configuration and signal skeleton
diagram can be illustrated as Fig.1, which mainly consists of illuminator transmitter,
target of interest, PCL 4
AEW radar receiver ;
terminal and processing
equipment. Similar to
the ordinary PCL radar,
the key problem in the
PCL AEW radar system
designing lies in the
signal model of
analyzing the target
signal to clutter O Lo Arw Radar
interference signal ratio H,
SCR under the new
system configuration.
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Target reflected signal received from the main lobe at the target channel y(¢) can
be formulated as'!
_ PTGTFT2 O-TFR2 GRAZ _ PTGTGRFTZF;/IZO-T X (1)
" 4zL, R} 4zL, R; 4r (47[)3 L L, (RTRR )2

The expected target signal to noise ratio SNVR is as follows
SNR = i _ ])TGTGRFTZF;;LZGT 2)
2
B (4z)'L, L, K,T.B,(R.Ry)

While the harmful directly arrived signal leakage component into the side lobe of
the target channel y'(z) can be expressed as following formula

BGr 2 GA _ BGGFA 3)

Y o4xL, R 4zl (4z)'L, L, R

As most illuminators such as FM broadcast radiate signals isotropically in their
horizontal radiation pattern, while they will compress most of their radiation energy on
horizontal plane of most users’ location. To analyze the critical factor of SCR for
passive radar, the vertical radiation pattern for FM broadcast and the corresponding
elevation angle for target or AEW were derived, with the aid of bistatic radar equation,
the SCR for this novel passive radar system was obtained and simulated numerically
under a reasonable reality circumstance.

FM Radiation Pattern

In general FM broadcast adopts dipole antenna or several dipole elements
installed vertically to form sharp or high gain beam at horizontal plane. Here we study
a commercial FM broadcast with radiation power of 8kw and four dipole elements
spaced d=31/4 installed at the top of 130m tower. The total vertical radiation pattern
function for linear uniformly array consisting of N dipole elements spaced d can be
written as

cos(p—icosgo) sinN—ﬂ . €))
1@)=f(9) fi(p)= —2

sing N~sin£
2

The vertical radiation pattern for our example can be simulated and plotted in the

following Fig.2.
1, ‘
\
o

Fig.3 Elevation angle towards FM antenna

Fig.2 Vertical radiation pattern for a FM LUA.
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SCR

The target signal-to-clutter ratio SCR can be simplified as
SCR = L_1 _of . .G?G{e
P, 4r (RTRR) G,G,

)

y

The horizontal radiation pattern for FM broadcast is generally isotropic and its
influence on target and AEW receiver are of the same and can be cancelled. Here we
mainly take into account vertically elevation angle’s gain introduced by target and
AEW aircraft’s location and height. Target or AEW aircraft’s elevation angle towards
FM antenna center can be depicted in Fig.3.

Elevation angel can be calculated by the following formula

. .d
Al (a, +H;)—(a, + H,,)cos(arcsin(—))
Q= arcth = arctg 7 % (6)
(a, + H,, )sin(arcsin(—))
ag
Once we get the elevation angle of target or AEW aircraft, we can obtain their
transmit radiation gain from the FM broadcast by replacing the corresponding
elevation angle in the radiation pattern. Then if the main and side lobe ratio for the
target receiver channel’s antenna is known, we can calculate the final reasonable SCR.
SCR—[—; 1 o, R’ GT(HTar’HT’RT)GR(HTar’HR’RR) )
=y __ . = : :
P, 4z (RR,) G (Hy.Hy R)Gy (Hy, Hy R)

Where Hy, Hy, Hr, denotes the height of FM broadcast antenna array, AEW aircraft
and target respectively.

Simulation Results

Here we analyze three typically cases of target’s location in the bistatic passive radar
as Fig.4 shown.

PCL AEW carrier
1.between illuminator and recei
Target v e »\%ﬁv
FM Broadcast NI S
T Ay I RR ) ) Target
/“7?' e =" 3.right side of the AEW carrier
R Ry
Target r H H 2
H Tar
2.Left side of the illuminator R

Fig.4 Three typical cases for target location in the PCL AEW system

It is assumed that a target with the RCS of o7 at the height of 50m. 100m. 200m.
1000m and up to 8000m flying from faraway than the FM station towards the PCL
AEW receiver. The AEW aircraft flying at the height of 8000m at the distance of
200km away from the FM station. Furthermore it is assumed that the main and side
lobe ratio Gp/G g for the target receiver channel’s antenna is 1. The SCR for target
with the RCS of Im*. 10m® fll 100m* at different location and height can be
numerically simulated as Fig.5.
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AEW Passive Radar SCR from a Moving Target llluminated by a FM Station
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analysis, (km

especial Fig.5 SCR for target with different RCS at different location and height
ly its

signal model and SCR simulation. Finally, from our analysis and simulation results, it
is come to a conclusion that a reasonable SCR lies in the range of -60~-110dB for a
reasonable target with a proper height and distance from the bistatic radar’s illuminator
and the receiver. At the same time, constant SCR holds for an oval of Cassini just as
the SNR does for bistatic radar. Furthermore, the SCR distribution appears in a
symmetric way around the FM broadcast or the PCL AEW receiver. It is expected that
some day PCL AEW must come into true.

References:

[1] Volker Koch, Robert Westphal. A new approach to multistatic passive radar sensor
for air denfense[C]. IEEE Radar Conference. 1995. p. 22-28.

[2] Wang Jun, Zhang Shouhong and Bao Zheng. Passive Coherent Detecting via
Exploiting Illuminator of Opportunity[C]. Proceeding of International Conf on
Signal Processing. August 2002. Beijing. p. 1415-1418.

[3] Skolnik, M I, Radar Handbook[M]. 2003, Peking: PHEI.

[4] J Baniak, G BakerAnn, M Cunningham, L. Martin., Silent SentryTM Passive
Surveillance[EB/OL], http://www.dtic.mil/ndia/jaws/sentry.pdf

[5] Zhou, Chucai CIliff, Application and extension of space-time adaptive processing
to passive FM radar [D]. 2003.Univ. of Washington.

[6] Sahr, John. The 3rd multi-national conference passive and covert radar[C]. 2003,
University of Washington.

[7] Frazer, Maurice A. Ringer and Gordon J. Waveform Analysis of Transmissions of
Opportunity for Passive Radar[C]. ISSPA '99. 22-25 August, 1999. Brisbane,
Australia. p. 511-514.

497






	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




