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Abstract. When monitoring and tracking the relative distance and the azimuth angle between the
host and the target aircraft, a traffic collision avoidance system (TCAS) needs to filter observed
relative distance and azimuth angle using a Kalman filter. For the target of uniformly moving aircraft,
the o-f filter algorithm is employed in general. In order to improve the filtering effect of a-f filtering
algorithm, an improved filtering algorithm is presented in this paper. The algorithm not only considers
the residual in direction of range, but also considers the residual in orthogonal direction of range. The
calculation formula of range azimuth tracking filtering algorithm is derived according to the azimuth
angle and the relative distance between the host and target aircraft, by projecting under rectangular
coordinate system, considering both the residuals in direction of range and the orthogonal direction of
range. The filtering effect of the algorithm has been verified by the Monte Carlo simulation carried out
in MATLAB. The experiment results show that, in comparison with a-f filtering algorithm, this
algorithm retains the advantage of lower computation cost of a-f filtering, and meanwhile achieves
smaller estimate errors and better filtering effect.

Keywords: target tracking, alpha-beta filtering, direction residual, distance azimuth tracking filter,

matlab simulation.

1 Introduction

In the collision avoidance logic of the traffic collision avoidance system (TCAS), it is necessary to monitor
and track the target aircraft [1]. The main observation for monitoring and tracking the target aircraft is
the relative distance and azimuth angle between the aircraft and the target aircraft. By processing the
observed values of the relative distance and azimuth angle of the target aircraft, the track information of
the target aircraft is formed, so as to achieve the tracking of the target aircraft [2-3]. Therefore, relative
distance and azimuth angle need to be filtered in engineering, and the commonly used filter is kalman
filter [4-5]. Due to the large amount of work in calculating the gain matrix in kalman filter, in order to
reduce the calculation amount of the gain matrix, alpha-beta filtering is generally adopted for the uniform
motion (CV) model [6]. In order to improve the filtering effect and reduce the filtering error, a range
azimuth tracking filtering algorithm based on alpha beta filtering is proposed.

For the measurement of the filter system in polar coordinate system, when constructing the filter
equation, the state vector can take either rectangular coordinate vector or polar coordinate vector. The
former will face the nonlinear problem of measurement equation and the latter will face the nonlinear
problem of state equation. After extended kalman filter, the estimation accuracy of the two methods is
basically the same [7]. In rectangular coordinate system, measurement errors are coupled with each other.
If decoupling filter in x and y direction is used instead of coupling filter, tracking accuracy will be reduced.
However, in practical engineering applications, rectangular coordinate system is often decoupled and the
resulting error can be ignored [8]. Therefore, the range-azimuth tracking filter proposed in this paper
adopts rectangular coordinate system. Firstly, the measured values in the polar coordinate system are
converted into cartesian coordinate system, and the relative distance and azimuth are directly projected
onto the x and y directions respectively. Then kalman filter is used to filter the data after coordinate
transformation.

FSP Copyright © 2020 Isaac Scientific Publishing



Frontiers in Signal Processing, Vol. 4, No. 1, January 2020 51

2 Alpha-beta Filtering Algorithm

o-p filter is a constant gain filter for the target uniform velocity motion model (CV) [9]. In general, the
following assumptions are made: the target is moving at a uniform speed and the noise is observed
smoothly. Let x and # be the position vector and velocity vector of the moving target respectively. At
this time, the state vector is X = [z,#]", then the state equation of the target is:

)A(kﬂ = A)A(k + Cuy (1)

obtained by o-B filter at k+41.

where, X, represents the estimated value of system state X,

k+1 1

2

1T
State transition matrix A = {0 1}. Input relation matrix C' :{ / } Process noise w; is gaussian

white noise with variance @ = F [u(k)u(k)’] and mean zero. The expression of the observation equation is:

Z, =DX +uv, (2)
where: 7, represents the position observation quantity of the system at moment k. Measurement matrix
D= [1 0] . Measurement noise v, is white gaussian noise with mean zero and variance O = E [v(k)v(k)’} .

The filtering equation is:
X (k/k) = X (kfk=1) + H| Z (k) - DX (k/k ~1)] (3)
X (kfk=1)= AX[(k-1)/(k-1)] (4)
H=[a.p/T] (5)

where H is the gain matrix.

Since the selection of ¢ and O will affect the accuracy of the filter, and a and B are directly related to
@ and O, the selection of alpha and beta must take into account @ and O, namely noise characteristics
and dynamic performance. Meanwhile, according to various optimization rules, the following formula is
commonly used as the parameters of o and B in engineering practice [10].

a(k)z%, ﬁ(k)zﬁ (6)

3 Range Azimuth Tracking Filter Algorithm

The range azimuth tracking filter algorithm is based on the o-f filter. In the rectangular coordinate
system, relative distance R is projected on the x and y directions according to the azimuth Angle, and
then the x and y directions are filtered respectively, so as to achieve the tracking of moving targets.

Aircraft 1

Distance to CPA

Aircraft 2 '

Figure 1. The closest distance between two points

In TCAS, the closest distance between two aircraft is the relative diagonal distance when the two
aircraft reach the closest point. As shown in figure 1, the relative distance R between the two aircraft is
located on an inclined plane connecting the two aircraft. According to the azimuth Angle between the two
aircraft, the relative distance is projected on the x and y directions on the inclined plane, thus turning the

Copyright © 2020 Isaac Scientific Publishing FSP



52 Frontiers in Signal Processing, Vol. 4, No. 1, January 2020

collision avoidance problem of three-dimensional space aircraft into that of two-dimensional inclined plane
[11]. Set up a rectangular coordinate system with the origin of aircraft 1 on the inclined plane, as shown in
figure 2.
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Figure 2. Projection diagram of distance azimuth target tracking

In figure 2, aircraft 1 is used as the observation point. Aircraft 2 as target. R is the relative distance
between the observation point and the target. B is the observed azimuth angle. According to the echo data
of target motion, the target is known to do uniform acceleration motion, and then the system model is
established.

First, the system model is used to predict the target at time k, and coordinate transformation is carried
out to project the position of the target onto the x and y directions in the rectangular coordinate system.

If the distance predicted at time kis R = JXA_Q + Yk2 , then it is X;=RxsinB, Y,=RxcosB, where, X, and Y}

represent the measured distance at time k projected to the x and y directions, respectively.

~

Set )(/;,17 X

., and X ., as target position, estimated value and estimated error respectively at k-1, and
the estimated error is XH =X, - )Z'H. At this time, the error covariance is predicted by the system

model. Prediction covariance Py (prediction error variance matrix PCOV) satisfies the prediction error
formula of kalman filter:

T T
By =@ @y TG (7)
1 L
State transition matrix @, , & = 0 . Input relation matrix I' =19 . The variance matrix of
T

the estimated error is P, = E[kag?gq]' Is the process noise variance matrix @_i. Substitute into the

above formula as follows.

1

PCOV._ PCOV, 17T 1 ~71°

1 2| - x P_ x 0 +192 T xQ % sz T (8)
PCOV, PCOV, 0 1 T 1 T 2

The relationship between the prediction covariance matrix and o/f and the smoothing parameter (W1
/W2) of the position/velocity in the distance orthogonal direction is as follows, where
VAR=R?x7.569x107? is the measurement variance in the orthogonal direction of distance.

PCOV,, T'xPCOV,

a= s =
PCOV +VAR’ " PCOV, +VAR

9)
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_ PCOV, ,_ POV,
~ PCOV, +VAR' = PCOV, +VAR

Then calculate the residual of the distance direction of x and y and the residual of the orthogonal
direction of the distance, as follows:

RESID, = R— (X, xsinB+Y, xcos B), RESID,, = X, xcos B—Y, xsin B (11)

The residual RESIDy in the distance direction and the residual RESID¢r in the distance orthogonal
direction are projected onto the x and y directions to obtain the estimated value of the state:

(10)

x) (x

M=+ ¢ x RESID, x sin B — Wi x RESID,,, x cos B (12)
x ) \x ) gy W2

k k-1

v (v 1

el T [ \eresiD, xcosB+| V| x RESID,, xsin B (13)
v) ) s W2 /

x and y direction filters are kalman filters. After projecting relative distance R and azimuth Angle B to x
and y directions, kalman filters are used for filtering. After filtering, the x and y direction data are
resynthesized into range and azimuth Angle, thus completing the filtering of range and azimuth Angle.

4 Simulation Results and Analysis

To verify the performance of the range-azimuth tracking filter algorithm, it is compared with the results of
conventional alpha-beta filtering in the x and y directions. The two filtering algorithms are also simulated
in monte carlo for 200 times [12]. The parameters of the computer simulation are as follows: assume that
two aircraft are flying in the same direction, with the target aircraft in front and the aircraft behind.
Initial velocity Vb0 = 900km/h. Initial velocity Va0 =700 km/h. The azimuth of the target aircraft
relative to the aircraft is equal to 30°. The observation period is T=1s. Simulation time ¢=500s. The
relative distance between the two aircraft R=280km. The change of observation target position (relative
distance) Navr=100m.

Computer simulation using MATLAB programming. The simulation results are shown in figure 3,
where figure (a) and figure (b) are respectively the comparison between the real trajectory of the moving
target and the observed trajectory after the o-f filtering, and after the range-azimuth tracking filtering.
Figure 4 shows the error of the observed target position. Figure 5 is a comparison of the estimated errors
of the a-f filter and the range azimuth tracking filter.
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Figure 3. Comparison of alpha-beta filtering and range azimuth tracking filtering for moving target trajectories
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Figure 4. The error of observation target
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Figure 5. Comparison of the estimation errors between alpha-beta filtering and range azimuth tracking filtering

From the simulation results in figure 3, it can be clearly seen that the observed track is closer to the real
value after the range-azimuth tracking filter than after the a-p filter. It can be seen from figure 4 and 5
that the observation error has always existed in the whole observation process, but the estimated error
after filtering is gradually approaching to zero, and the filtering effect is very good. In figure 5, it is clear
that the estimation error generated by the range-azimuth tracking filter tends to zero faster than that of
the o-f filter, and the fluctuation is small.

It can be seen from the above computer simulation results that the estimated error of the range azimuth
tracking filter proposed in this paper is significantly less than that of the conventional a-f filtering
algorithm when tracking a target moving at a uniform speed. This shows that the range-azimuth tracking
filtering algorithm is superior to the conventional o-f filtering algorithm in tracking performance. The
improved filtering algorithm is suitable for tracking the moving target with uniform speed, and the
tracking effect is good.

5 Conclusion

In this paper, an improved range-azimuth tracking filtering algorithm is proposed based on the
conventional alpha-beta filtering algorithm. This algorithm introduces the idea of coordinate projection.
The relative distance between the two aircraft is projected on the inclined plane according to the azimuth
in the x and y directions. The problem of collision avoidance of three-dimensional space aircraft is changed
to that of aircraft on two-dimensional inclined plane. The prediction results are modified by using the
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residuals of distance direction and distance orthogonal direction, which improves the filtering accuracy of
the algorithm. The computer simulation results show that the improved algorithm not only maintains the
advantages of less calculation of the a-f algorithm, but also has a better tracking effect on the moving
target. It is suitable for monitoring and tracking the moving target of airborne anti-collision system. Due
to the limitation of space, this paper only discusses the target moving at a uniform speed, and the azimuth
tracking filter algorithm for the target moving at a uniform speed will be discussed in another paper.

Acknowledgements. The work of this paper is supported by the Southwest Minzu University Graduate
Innovative Research Project (Master Program CX2018SZ92). A special acknowledgement should give to
Southwest Minzu University for its experimental conditions and technical support.

Reference

. Simon, “Security guard: mid-air collision avoidance system,” Large Aircraft, no. 5, pp. 101-102, 2014.

2. QIAO Shao-jie, HAN Nan and ZHU Xin-wen, “A Dynamic Trajectory Prediction Algorithm Based on Kalman
Filter,” ACTA ELECTRONICA SINICA, vol. 46, no. 2, pp. 418-423, 2018.

3. WUY, LIM J and YANG M H, “Object tracking benchmark,” in IEEE Transactions on Pattern Analysis and and
Machine Intelligence, on. IEEE, 2015, pp. 1834-1848.

4. YU Geng, WANG Han and ZHAO Long, “Analysis on ground based augmentation system position domain
integrity monitoring based on Kalman filtering,” Science Technology and Engineering, vol. 18, no. 26, pp. 243-247,
2018.

5. JING Zhan-rong and YANG Yan, “Signal detection and estimation,” in Beijing: Chemical Engineering Press,
2004, pp. 310-313.

6. LI Xiao-mao, WAND Wen-tao and KE Jun, “Research on a-f filter in the course angle navigation of unmanned
surface vehicle,” Chinese Journal of Scientific Instrument, vol. 38, no. 7, pp. 1747-1755, 2017.

7. PAN Quan, LIANG Yan and YANG Feng, “Modern target tracking and information fusion,” in Beijing: National
Defense Industry Press, 2009, pp. 287.

8. HE You, XIU Jian-juan and ZHANG Jing-wei, “Radar data processing and application,” in Beijing: Electronic
Industry Press, 2009, pp. 31-51, 71-80.

9. LI Shu-jun and LI Kai-duan, “Algorithm research of targets tracking based on adaptive o-f filter,” Science
Technology and Engineering, vol. 12, no. 34, pp. 9367-9369, 2012.

10. HE Li-wen, LI Yan-peng and FAN Bo, “An improved alpha beta filter algorithm,” Modern electronic technology,
vol. 35, no. 21, pp. 28-30, 2012.

11. LIN Yun-song, PENG Liang-fu and TONG Ling, “Mathematics model for collision avoidance in Traffic Alert and
Collision Avoidance System,” Journal of University of Electronic Science and Technology of China, vol. 37, no. 4,
pp. 552-555, 2008.

12. Boguslaw B, “Application of stochastic approach based on Monte Carlo (MC) simulation for life cycle inventory
(LCI) to the steel process chain: Case study,” Science of the Total Environment, vol. 481, no. 10, pp. 649-655, 2014.

Copyright © 2020 Isaac Scientific Publishing FSP




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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




