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Abstract

Based on the active decoy principle and analysis on fire-control radar working
characteristic, a fire-control radar active decoy layout model covering the
anomalistic layout is designed in this paper. By simulation, the relationship
between decoying success rate and the radar’s position in decoy system is
obtained, and the recommended configuration of three-source decoy system is
also put forward.
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Introduction

In current, active decoy is the most effective and common mean to antagonize
anti-radiation missile. The active decoys can radiate the same signal as radar and
form a new illusive energy center to induce anti-radiation missile (ARM). By
this, radar is protected, as in [1] and [2]. Fire-control radar is the key of current
air defense. It can obtain the moving trace of air target by continuous track
radiation and send it to fire-control unit to attack. Compared to warning radar,
fire-control radar is easier to be attacked because of its unique work mode. It is
very necessary to equipment active decoys for fire-control radar. And the layout
of fire-control active decoy should be studied to support its application in
battlefield.

By a large of researches and making design reality into consideration,
domestic scholars made a certain conclusion that three-source layout is the most
appropriate mean for warning radar. In spite of the difference work mood,
fire-control radar and warning radar have the same actual problems in choosing
the number of active decoys. Three-source active decoy system is chosen as the
study object and simulated in this paper.

Three-source layout can be divided into two parts: inerratic layout and
anomalistic layout. When the distance between radiation sources has some
certain relationship or their line connecting angle is fixed, like isosceles triangle
layout and right triangle layout, the layout is called inerratic layout. When there
is no constraint, the layout is called anomalistic layout. Currently, domestic
scholars have made many researches. Two three-source inerratic layouts, right
triangle layout and equilateral triangle layout, are studied in [3], and the
conclusion that three-source equilateral triangle layout is the optimal layout. The
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appropriate distance between resources under three-source equilateral triangle
layout is obtained by simulation in [4]. But these conclusions are not sufficient.
Because the anomalistic layout is not taken into consideration and there is no
proof that inerratic layout is better than anomalistic layout. And in real battles,
Limited by the geography environment, anomalistic layout have more
application space than inerratic layout. Making anomalistic layout fully
considered, a new decoy layout model is designed in this paper. By changing
radar’s position in whole decoy system, all layout shapes are included in this
model. The relationship between decoying effect and radar’s position is obtained
by simulation and analysis.

Fire-control radar active decoy principle

Passive microwave homing technology is adopted in ARM to accomplish the
precision guidance for radiation. The key point of ARM is the seeker. It is a
broadband passive single pulse tracking system. It has very good
anti-interference ability for single radiation source. But when there are more than
one radiation sources in its resolution angle, it will not track any one of the
radiation sources, but their energy center. This is the basic principle of active
decoy system against ARM.

Assume the decoy system is composed of one radar and n decoys. Take radar
as the origin and establish the coordinate. The space location of radiation sources
and ARM in this coordinate is shown in Fig. 1.
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Figure 1. Schematic diagram of decoy system.

As the seeker of ARM is tracking the normal direction of electromagnetic field
wave front, the intersection point of the normal direction and ground is the final
aiming point. The intersection point coordinate under the condition of multiple
radiation sources is showed in [5], which is:
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In the type: Emi and Emk are the electrical field peak of the electromagnetic

waves radiated by i-th and k-th radiation source and A is the wavelength of
electromagnetic wave radiated by k-th radiation source. There is i=0,1,2,...n,
k=0,1,2,...n, while n is the number of decoys. And there is:
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In the type: ¢ stands for angular frequency of i-th radiation source and
stands for the initial phase. Rk stands for the distance from k-th radiation source

to ARM. (X4 Y524) is the space coordinate of ARM.

But the main lobe of fire-control radar is too thin to be captured, so ARM
locates the fire-control radar by its side lobe, usually the first side lobe. Then, the
electrical field peak of radar’s microwave at the seeker should be p0*EmO0, while
pO is the ratio of first side lobe and main lobe. To cover the whole air space,
decoy adopts the omnidirectional antenna. The ratio of side lobe and main lobe
of omnidirectional antenna is pi=1,i=1,2,....n. Take the ratio into Eq.1 and Eq.2:
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To accomplish the power combining effectively, the frequency of decoy and

radar must always be the same, which means ﬂi - /1" . Some radar is equipped
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with warning system, which can detective ARM in real time. By controlling the
radiate time of decoy signal, the phase of decoy signal and radar signal can be
the same at ARM and the decoying effect can be promoted, as in [6] and [7].

Then, there is P = P . For ARM is locating fire-control radar through its side
lobe, the possibility can be decreased only if the main lobe of decoy is near to the
side lobe of radar to hide the later one. Decoy power is set as 1.3 times of radar’s
average side lobe in [8], which is very closely to radar’s first side lobe. There is

piEmi = pkE

mk and the Equation can be simplified as:

(7)

As ARM is approaching radiation sources and arrives at the critical resolution
point, some single radiation source is distinguished. Then ARM chooses the
single radiation source or the power center of the rest radiation sources randomly
to trace until end.

Three-Source Anomalistic Layout Simulation

Avoiding the research style of fixing a certain layout, a new decoy layout
model covering all layouts is designed in this paper.

Simulation Interval. Three-source decoy system is adopted in simulation. Set
the distance between the two decoys fixed and make the center of their linked
line as the origin to build spatial rectangular coordinate system. The two decoys
are set on x-axis and the coordinate of radar changes by a certain order. While
radar changes its coordinate, the shape of decoy system changes too. Every shape
is simulated for 1000 times. The distance between the two decoys is set 300m,
then their coordinate are (-150,0,0) and (150,0,0). Limit the x interval and y
interval at [-400,400]. For the symmetry of coordinate system, space on first
quadrant is only simulated.

Missile Parameter. Harm missile is chosen as the decoying target and its

Performance parameter is as follows: critical resolution angle AG, =10 ,
angle measuring error is 1°~3°, maximum lateral overload coefficient n=10, and
the maximum flying speed is 3Ma (1020m/s), as in [9]and [10]. The original
position in coordinate system changes from Skm to 10km randomly and always

1483



pointing to the power center of the three sources. For the top air attack style is
adopt in modern ARM, the pitch angle should be set more than 45° in
initialization.

Decoying Success Condition. When ARM arrives at the ground and explored,
it will cause a sector killing surface in front of it. The anterior killing distance is
about 30m, while the rear killing distance is more than 10m. Being different
from active decoy, radar also need effective working range about 20m to receive
signal. So, the effective save distance should be 60m. To ensure system safety
and normal operation, the decoying success condition in simulation is that the
distance between falling point of ARM and any radiation source is more than
80m.

The simulation process is shown in Fig. 2.
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Figure 2. Process of decoying ARM.
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Simulation Result Analysis

By modeling and simulation, the relationship between radar’s position and
decoying success rate is obtained and shown with 0.1 interval contours in Fig. 3.
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Figure 3. Relationship between success rate and radar’s

position.

Some conclusions can be obtained from Fig.3.

Anomalistic Annular Distribution. When radar’s position changes at the set
reign, the decoying success rate changes from 0.6 to 0.9. With x coordinate and y
coordinate increase by any linear relationship, the decoying success rate always
increase then decrease. Then a conclusion can be obtained that the decoying
success rate is related to the distance between radar to the center of two decoys
linked line. In general, decoying success rate shows an anomalistic annular
distribution making origin the center. With radar’s coordinate is coming close to
x-axis, the band of the annulus becomes lager. And the condition of y-axis is just
on the opposite.

Changing Trend. With radar’s position is moving away from the origin in
different ways, the changing conditions of decoying success rate are relevant
different.

When radar’s position is moving away from the origin by x-axis, the decoying
success rates are low in general. Except very few positions can reach 0.8, the
decoying success rates are mostly from 0.6 to 0.8 and changes slowly. Especially
when radar’s position moves between the two decoys, radar is damaged badly.
Because all radiation sources are decoying ARM to attack the region near the
origin and the distance between radiation sources is not large enough.

When radar’s position is moving away from the origin by y-axis, the decoying
success rates are mostly from 0.6 to 0.9 and many of them are over 0.9. The
decoying success rate changes fast. The three sources present an isosceles
triangle. When radar’s position is between 230m and 320m, the three sources
approximately present an equilateral triangle and the decoying success reaches to
the top. The high efficiency of equilateral triangle layout is confirmed.

The above analysis is the two extremely conditions. When radar’s position is
not on x-axis or y-axis, the decoying success rate changes between the two
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extremely conditions. And with the radar moving away from the origin, the
influence of radar’s orientation is decreasing.

Mathematic Model. The simulation result is obtained under the limited
condition that the distance between the two decoys is 300m. To eliminate the
influence of the limited condition, models under different distance setting should
be simulated. But the distance cannot be too small. Otherwise, radiation sources
are still in ARM’s killing range, in spite of decoying well. The distance cannot
be too large too, because ARM will distinguish the position of single radiation
source. So, the distance is set from 200m to 400m. Models are simulated and
analyzed and the decoying success rate changing trend is always the same. The
mathematic model of decoying success rate is as follows:

£ e
[(2s—0.7)-1T [(2.75-0.9)-1]

(8)
ey 1
[(7.9-6s5)-1T  [(4-3.3s)-IT

)

In the type: x and y are radar’s coordinate, and 1 is the distance between the
two decoys, ranged from 200m to 400m. The s stands for decoying success rate,
ranged from 0.6 to 0.9. The annulus of decoying success rate is composed of
inner boundary and outer boundary. Eq.8 and Eq.9 are the mathematic model of
the two boundarys. When inner boundary and outer boundary intersects, the
annulus can’t be formed. Such as when s=0.9, the region is only distributed near
y-axis.

Recommended Configuration. The recommended configuration of fire-control
radar three-source active decoy layout is put forward. Locate fire-control radar
near the perpendicular bisector of the two decoys and set the distance at 0.771 to
1.071, while 1 is the distance between the two decoys. Meanwhile, the angle
between the perpendicular bisector and the linked line form radar to the center of
the two decoys should be set less than 20°. Then the decoying success rate is
about 0.9.

Conclusion

Based on the active decoy principle and making influential factors, like
fire-control radar antenna’ characteristic, signal Synchronization and power
combination into consideration, three-source active decoy layout is studied and
the coordinate formula of ARM tracing point is transformed and simplified. And
a new layout model covering the anomalistic layout is designed. By massive
simulations, the relationship between decoying success rate and the radar’s
position in decoy system is obtained. The recommended configuration of
three-source decoy system is also put forward, and it will support the battle
application of fire-control radar active decoy.

1486



References

[1] Wang Zhanfeng, Lv Xuliang, Wu Xiaolian: Journal of PLA University of
Science and Technology. Vol. 8(2007), p. 270-273.

[2] AiMingshun, Ma Hongguang: Modern Radar. Vol 32(2010), p. 13-16.

[3] LiLiujing, Ma Yanheng, Liu jing: Computer Measurement & Control. Vol
19(2011), p. 2187-2196.

[4] Min Tao, Jiang Wenli, Zhou Yi-yu: Aerospace Electronic Warfare. Vol
3,(2000).

[5] Hu Fang, Liu Yuchi, Tuo Xinyu: Computer Emulation. Vol 27(2010), p.
31-35.

[6] Xiao Tao, Tang Ziyue, Ji Jingxiang: Modern Radar. Vol 29(2007), p. 9-11.

[7] Zhou Weiguang, Luo Jirun: Journal of Electronics & Information
Technology. Vol 32(2010), p.1370-1376.

[8] Miao Xiumei, Wang Juan, Xu Hailong: Radar Science and Technology.
Vol 35(2012), p. 59-65.

[9] Ren Ganggiang: Northwestern Polytechnical University, 2005.

[10] LINENG: IEEE Transactions on Aerospace and Electronic Systems. Vol
31(1995), p. 1120-1127.

1487




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




