Chenghu CAQO, Yongbo ZHAOQO, 2022. Range estimation based on symmetry
polynomial aided Chinese remainder theorem for multiple targets in a pulse
Doppler radar. Frontiers of Information Technology & Electronic Engineering,
23(2):304-316. https://doi.org/10.1631/FITEE.2000418

Range estimation based on symmetry
polynomial aided Chinese remainder
theorem for multiple targets for
a pulse Doppler radar

Key words: Range ambiguity; Erroneous range; Multiple targets;
Symmetry polynomial aided Chinese remainder theorem

Corresponding author: Yongbo ZHAO
E-mail: ybzhao@xidian.edu.cn
ORCID: https://orcid.org/0000-0002-6453-0786


https://doi.org/10.1631/FITEE.2000418
https://doi.org/10.1631/FITEE.2000418

Motivation

O To avoid Doppler ambiguity, pulse Doppler radar may operate at a
high pulse repetition frequency (PRF). The use of a high PRF can,
however, lead to range ambiguity in many cases. At present, the
maijor efficient solution to range ambiguity is based on a waveform
design scheme. It adds complexity to a radar system.

O The traditional multiple-PRF-based scheme is difficult to apply for
multiple targets because of unknown correspondence between the
target range and measured range, especially when using the
Chinese remainder theorem (CRT) algorithm.
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Fig. 1 Illustration of range ambiguity
The reflected signal (echoes 2 and 3) corresponding to the
first pulse (pulse 1) is received when the radar has already
transmitted other pulses (pulses 2 and 3)



Scheme design

OA symmetry polynomial aided robust CRT algorithm is used to
realize range estimation of multiple targets, where the symmetry
polynomial is used to recover the folding numbers.

OA closed-form and robust CRT algorithm for a single target and the
Aitken acceleration algorithm for finding roots of a polynomial

equation are used to decrease the computational complexity of the
proposed algorithm.
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Fig. 2 Signal model for range estimation for multiple targets when there exists range ambiguity



Simulation results

——Target 1 —— Target 2 Target 3 ——Target 4 +# Estimated
ED L L] L) L) L] L]
Target 1 40 { }
L Target 2 i a
0 Target 3 20k
— ¥ -
40 F Target 4 J E ++*+
=3 i*}%$+++*+*rﬂ+**
0} : < or B v
****
_20r l -20
= 5 10 15 20 25 30 35 40
< 101 I Time (s)
OF 1004 T T T
(b)
-10f — 50f e
E st EE
=20 2=, N e L
S E
Of e H+i+“*++1- M
-30 A i
-40 : : : . : . -0 5 10 15 20 25 30 35 40
-10 -5 0 5 10 15 20 25 Ti
X (km) ime (s)

Fig. 5 X (a) and Y (b) directions of range estimation

Fig. 4 Trajectories of the detected targets using the proposed algorithm

Consider a set of multi-target trajectories The true range in both X and Y directions
on a two-dimensional region [-10, 23] of the target is larger than the maximum
kmx[-40, 60] km. There are four targets unambiguous range of the pulse Doppler

entering and exiting the surveillance radar. This will lead to range ambiguity. To
region at different time, and each target solve the range problem, the proposed
travels from different initial positions. algorithm is used to estimate the range of

the time-varying targets, and the proposed
algorithm achieves a satisfactory result in
estimation precision.



Transient results
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Fig. 8 Probability of target detection Py with different
probabilities of false alarm rate P,

Fig. 6 OSPA distance (a) and location error (b) of
range estimation of multiple targets

To rigorously evaluate the performance of the proposed algorithm in the scenario
with fixed SNR=22 dB, the results exhibit the distance and localization errors
between the real range and the estimated range. The detection probability can reach
88% when SNR=20 dB for P,,=10-°. The proposed algorithm is effective in improving
the accuracy for range estimation of multiple targets when there exists range
ambiguity.



Measurement results
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Fig. 7 OSPA error of the proposed algorithm with

Fig. 9 Computational cost for two algorithms
different SNRs

The proposed algorithm can realize effective estimation of the target position in
different SNRs. The higher the SNR is, the more precise position the proposed
algorithm can achieve. The robust CRT algorithm aided Aitken acceleration is able to
decrease the computational complexity. At the same time, real-time processing can
be guaranteed at low time cost with a quantum level of 10-! s for each ftrial.



Conclusions

O The proposed algorithm can correctly and robustly reconstruct
the range of multiple targets without knowing the
correspondence between the target and the remainder.

OA closed-form and robust CRT algorithm for a single target
and the Aitken acceleration algorithm for finding roots of a
polynomial equation are used to decrease the computational
complexity of the proposed algorithm.

O The simulation results verify the efficacy of the proposed
algorithm in reconstructing ranges for multiple targets on the
assumption that all the measured ranges in the four PRFs are
obtained ignoring range blindness due to eclipsing.



Future work

Oin practical implementation, the proposed algorithm can be
performed for three or more targets on the assumption that the
number of targets is known in advance. Hence, the requirement
to know in advance the number of targets detracts from a good
and important method.

O The proposed algorithm does not function if the returns from
multiple (three or more) targets coincide. More importantly, the
proposed algorithm may be invalid when range blindness arises

from eclipsing.



Chenghu CAO was born in 1987. He received his ME degree
in Signal Processing from Fuzhou University, Fuzhou, China
in 2015. He is currently pursuing the PhD degree with the
Department of Electrical Engineering, Xidian University, Xi'an,
China. His research interests are parameter estimation and
multi-target detect and tracking.

E-mail: 764161366@qgg.com

Yongbo ZHAO was born in Xinxiang, Henan, China. He
received his ME and PhD degrees in Electrical Engineering
from Xidian University, Xi'an, China, in 1997 and 2000,
respectively. He is currently a professor with the National
Laboratory of Radar Signal Processing, Xidian University. His
research interests include adaptive signal processing, array
signal processing, MIMO radars, and target tracking.

E-mail: ybzhao@xidian.edu.cn


mailto:764161366@qq.com
mailto:ybzhao@xidian.edu.cn

	Range estimation based on symmetry polynomial aided Chinese remainder theorem for multiple targets for �a pulse Doppler radar
	Motivation
	Scheme design
	Simulation results 
	幻灯片编号 5
	幻灯片编号 6
	Conclusions 
	Future work 
	幻灯片编号 9


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages false

  /CreateJobTicket false

  /DefaultRenderingIntent /Perceptual

  /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 true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /Warning

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.01667

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /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 300

  /GrayImageMinResolutionPolicy /Warning

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 2.03333

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /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 1200

  /MonoImageMinResolutionPolicy /Warning

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 2400

  /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 (sRGB IEC61966-2.1)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /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 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /DEU <>

    /ENU <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice





