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Translational Motion Compensation for Ballistic Targets
Based on Delayed Conjugated Multiplication

He Si-san Zhao Hui-ning Zhang Yong-shun

(The Aerial Defence and Antimissile Institute, Air Force Engineering University, Xi'an 710051, China)

Abstract: The micro-motion is combined with the high velocity of translation motion for ballistic targets. The
translation motion should be compensated for micro-Doppler information extraction. A new method based on
delay conjugate multiplication is proposed to compensate the translation motion of ballistic target. By delay
conjugate multiplication of the received signal, the micro-Doppler information are canceled out and the translation
motion parameters estimation problem is transformed as an multi-polynomial phase signal parameters estimation

problem. Thus, the translation parameters can be estimated. Simulation results suggest that the proposed
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algorithm can achieve high-precision compensation for ballistic targets under low SNR.
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Tab. 1 Estimation performance of translation parameters

SNR —6 dB —5dB —4dB —3dB —2dB ~1dB
a, ftith RMES (m/s) 2.8853 1.5867 0.9502 0.0841 0.0652 0.0494
a {7 RMES (m/s?) 0.2898 0.0037 0.0033 0.0025 0.0021 0.0019
a, ftitk RMES (m/s%) 0.2615 0.0015 0.0013 0.0010 0.0008 0.0008
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Fig. 2 Time-frequency analysis results of the target
echo (SNR=-5 dB)

W AT LA IR A B4 S N, A T AT
BA MM HAE S0, PR SCEETRER -
SN K 2 B Inade LA T HER AL T AR, XA
WA SCSRAEARAR M LE T BAT R4 iRtk . X%
ot T A A SRR ah ZH AT A T,

A L I ECH AT B .

5 NG

BERT SIS H bR sh Z 8l oF W, A SR A
B H RT3 S lash R PR RO A L, BT X sl i
IR AR ORI AR 5 HEAT A SR LA R B ok
SR, RS SER LA 35 R 5 5 Se L 1 -F
SNSHMTrik. U7 REW], %Ik RS
WE LA N SEB B S B0 ks LA

RIS IX s AT, B
AU Re D e 20 (0 R s, DA SO0 ] #E
I BEAT AR A P R i3 H ks B, SeBLY
NS H T

2 % xx #f

(1] W, MR SE, SOWRE, AR BN R s A b
FERSET]. MR T XIPL, 2008, 24(4): 46-50.
Gao Hong-wei, Xie Liang-gui, Wen Shu-liang, et al.. Research
on the influence of velocity on micro-Doppler and its
compensation[J]. Aerospace Electronic Warfare, 2008, 24(4):
46-50.

(2] WAL, A RBE, ORGSR D 2 8 s A

B3]

(4]

[5]

(6]

5 (1)
f=]

0 0.5 1.0 1.5 2.0 2.5
I ] (s)

Kl '3 —5 dB IR G (5 5 I ]
Fig. 3 Time-frequency analysis results after conjugate
multiplication (SNR=—5 dB)

AMEIFFT[I]. TR, 2009, 30(2): 705-711.

Gao Hong-wei, Xie Liang-gui, Wen Shu-liang, et al.. Research
on the influence of acceleration on micro-Doppler and its
compensation[J]. Journal of Astronautics, 2009, 30(2):
705-711.

LR g, &P, WAL, % F T BEs ARG BT
FMETTVR]. BARBAEEAR, 2013, 42(2): 143-172.

Ma Qi-lie, Lu Wei-hong, Feng Cun-qian, et al. Translation
compensation based on body information of target with
micro-motions[J]. Modern Defence Technology, 2013, 42(2):
143-172.

WIRIE, BRI, MR, 3R EN AR IRIF 710 B TS AMET
T[], SETE G EAR, 2013, 27(3): 169-176.

Xie Su-dao, Chen Ya-wei, and Sun Jun. Simulation of
dynamic echoes sequence of missiles and its translational
motion compensation[J]. Journal of Air Force Early Warning
Academy, 2013, 27(3): 169-176.

W, BT, AR, & P H AR BOP Al R L2
WHHFREI]. FATAR, 2011, 32(10): 2235-2241.

Yang You-chun, Tong Ning-ning, Feng Cun-qian, et al..
Translation compensation and micro-Doppler extraction of
ballistic target in midcourse[J]. Journal of Astronautics, 2011,
32(10): 2235-2241.

WA, BT, AT, & R SR UM mE B RF s
MBI T]. P TR AR R, 2012, 39(6):
147-153.

Yang You-chun, Tong Ning-ning, Feng Cun-qian, et al.



510 CAT S 3%
Translation compensation and micro-Doppler extraction by [10] BE=, BT, EAFET. 200 EE BB 50 H AR kg
using the information on the strongest scatter[J]. Journal of ZHALTHI]. /55403, 2013, 29(8): 1028-1035.

Xidian University, 2012, 39(6): 147-153. He Si-san, Zhao Hui-ning, and Feng Cun-gian. Precession

7] T, M1, KB, S #OE H T sh MR S 2 e parameter estimation for ballistic targets based on
PIPUTE]. BTFSE RS, 2012, 34(3): 602-608. multi-aspect range-profile sequencelJ]. Journal of Signal
Luo Ying, Bai You-qing, Zhang Qun, et al. Translational Processing, 2013, 29(8): 1028-1035.
motion compensation and micro-Doppler feature extraction 1] Eor, FASIHE, i, 5. s H ks Bodk sl AL v ) ool
of ballistic targets[J]. Journal of Electronics & Information HFIDRVE]. WA 244R, 2010, 31(4): 812-818.

Technology, 2012, 34(3): 602-608. Xiao Li, Zhou Jian-xiong, He Jun, et al. Improved

[8]  Yang You-chun, Tong Ning-ning, Feng Cun-qian, et al. autocorrelation method for precession period estimation of
Micro-Doppler extraction of rotating targets based on ballistic target in midcourse[J]. Acta Aeronautica Et
Doppler rate[C]. 2011 IEEE International Conference on Astronautica Sinica, 2010, 31(4): 812-818.

Signal Processing Communications and Computing, Xi’an, [12] FF#k, BESk, FJEIK, 55 BT 58 Fourier LH#M£ &
2011: 1-4. LEM 5 5 (R A 240 1 (7). ERE(E ), 2003, 33(8):
[9] Feng Cun-gian, Yang You-chun, and Tong Ning-ning. 749-7509.
Macro-motion compensation and micro-Doppler zooming by Qi Lin, Tao Ran, Zhou Si-yong, et al.. Multicomponent LFM
multi-level delayed and conjugated multiplication|[C]. Spring signal detection and parameter estimation based on fractional
World Congress on Engineering and Technology, Xi’an, 2012: Fourier transform[J]. SCIENCE IN CHINA (Series E), 2003,
1-4. 33(8): 749-759.
E&E & N
PER=(1981-), 35, WIFGWIEN, WL, BT (1979-), %, BRVGERMN, filt:, 2528 TR PRI,

A TRERZIIN, T 0 pRiE H
NGVIR

E-mail: hessian@163.com

WIFFE 7 17 Jh T 3 TR PR
E-mail: zhaohuininghss@163.com

TN (1956-), %, TETRERYEAEE, HEAER0m, 5%
07 T K A HL PR




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


