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Abstract. Embedded fault diagnosis machine for the automatic ammunition loading system
real-time monitors the automatic ammunition loading system, collects the data by using sensors,
analyzes the data, detects and isolates faults, or predicts the health of the system in the future. The
denoising of the collected data is of great significance to effectively reveal the operation
information of ammunition automatic loading system. In order to solve the problem of the
traditional median filter could not be taken into account the details and the smoothness, a filtering
method based on wavelet transform for automatic ammunition loading system is proposed in this
paper. This method can effectively reduce the noise and improve the signal noise ratio (SNR), the
signal after wavelet filter retains all the low frequency of the single axis swing, filters out the high
frequency noise. It ensures the correctness of the follow-up data analysis and processing,
detection, isolation of the fault or predict the health of the system.
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1. Introduction

Embedded fault diagnosis machine for the automatic ammunition loading system real-time
monitors the automatic ammunition loading system, collects the data by using sensors, analyzes
the data, detects and isolates faults, or predicts the health of the system in the future. Fault
diagnosis mainly includes signal detection, feature extraction, state diagnosis and state analysis
and so on [1, 2]. The denoising of the collected data is of great significance to effectively reveal
the operation information of ammunition automatic loading system. In order to solve the problem
of the traditional median filter could not be taken into account the details and the smoothness, a
filtering method of collecting data based on the wavelet transform for the collected data of
ammunition automatic loading system is put forward in this paper, it can reduce the noise signal
and improve the signal noise ratio (SNR), and provides a new idea for the application of wavelet
analysis in fault diagnosis and military field.

2. Theory of wavelet filtering
2.1. Definition and characteristics of continuous wavelet transform

The continuous wavelet transform of the signal x(t) is defined as Eq. (1):

waa,b) = | Zx(t) Wi, (0. (1)
In Eq. (1):
vas® = (=) [7] @

is wavelet basis function, a is scale factor, b is translation factor.
Choosing proper mother wavelet y(t) can make Y, ,(t) and its Fourier transform ¥, , (w)

464 © JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. DEC 2016, VOL. 10. ISSN 2345-0533



A FILTERING METHOD BASED ON WAVELET TRANSFORM FOR COLLECTED DATA OF AUTOMATIC AMMUNITION LOADING SYSTEM.
X1 Liu, BAOLIN Hou

have better local property, so wavelet analysis is a time-frequency analysis [3].
2.2. Basic principle

A signal model with noise is as follow:

s(t) = f(©) +n(0). 3

In Eq. (3), s(t) is original signal, n(t) is noise. The signals detected in the engineering are
often mixed with noise, and signal denoising is one of the classical problems in the field of signal
processing. The purpose of signal denoising is to suppress the noise in the signal s(t),
reproduction signal f(t). The traditional denoising method will raise the entropy after signals
transform, and the non-stationary characteristics and correlation of the signals could not be
depicted [4].

Wavelet transform has the following properties: 1) Time-frequency localization
characteristics; 2) Multi resolution characteristics; 3) Solution related properties; 4) Flexibility of
mother wavelet selection. 1 and 2 determine that the wavelet filtering method can remove the
noise while retaining the abrupt change information of the signal [5]. After wavelet transform, the
wavelet coefficients are mainly composed of the details of the noise and the signal. Therefore,
wavelet filtering is to use the prior knowledge of the specific problems, according to the
mechanism of signal coefficient and noise coefficient with different properties at different scales,
constructing the corresponding rules, processing the coefficients of signal with noise in the
wavelet domain. The purpose is to reduce or eliminate the noise coefficient completely, at the
same time, to maximize the retention of the signal coefficient, to obtain the optimal estimation of
the real signal.

Wavelet filter is not to smooth signal, but try to remove all the noise, retains the real signal.
Filtering is the processing of wavelet coefficients in the wavelet domain. The filtering process is
generally completed by three steps: 1. wavelet transform; 2. nonlinear processing the wavelet
coefficients in order to filter out the noise; 3. inverse wavelet transform [6].

3. Comparison of median filtering and wavelet filtering

Embedded fault diagnosis machine for the automatic ammunition loading system using the
USB-6211 data acquisition card of the National Instruments Corporate made in United States to
automatically collect the data of coordinate action angular velocity of the automatic ammunition
loading system. The sampling frequency is 1 kHz, and a complete single axis swing lasts for two
seconds, will get 2048 data, as shown in Fig. 1.
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Fig. 1. Data of the coordinate action angular velocity sampled
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The data of coordinate action angular velocity is low frequency signal, the sampling signal
contains high frequency noise. If the traditional median filter is used to smooth the signal, the
value of each point is set to the value of all points in the n neighborhood. The filtering results are
shown in Fig. 2 when n = 3.
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Fig. 2. The filtering results whenn =3

The filtering result is not ideal on smoothness, the high frequency noise is mostly reserved. If
in order to smooth the signal, increase the value of n, the filtering results are shown in Fig. 3 when
n =1024.
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Fig. 3. The filtering results when n = 1024

The details will be lost if excessive smoothing the signal, resulting the distortion of the signal
after filtering. Therefore, the median filtering could not be taken into account the details and the
smoothness, but wavelet filter can solve this problem very well. The data of coordinate action
angular velocity is low frequency signal, all the high frequency part of the collected signal can be
considered as noise. Therefore, the db4 wavelet is used to decompose the collected signal in 5
layers of multi scale decomposition, and keep the low frequency information only, high frequency
coefficients are all set zeros. The decomposed low frequency signal is shown in Fig. 4.

It can be seen that the signal after the wavelet filter retains all the low frequency of the single
axis swing of the ammunition auto loading system, filter out the high frequency noise. The signal
is more smoothly than median filtering, and no distortion. Ensure the correctness of the follow-up
data analysis and processing, detection, isolation of the fault or predict the health of the system.
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Fig. 4. The wavelet filtering results

4. Conclusion

In order to solve the problem of the traditional median filter could not be taken into account
the details and the smoothness, a filtering method based on wavelet transform for automatic
ammunition loading system is proposed in this paper. This method can effectively reduce the noise
and improve the SNR, ensure the correctness of the follow-up data analysis and processing,
detection, isolation of the fault or predict the health of the system, made useful exploration for the
application of wavelet analysis in fault diagnosis and military field.

References

[1] Vachtsevanos George, Lewis Frank L., Roemer Michael, et al. Intelligent Fault Diagnosis and
Prognosis for Engineering Systems. National Defense Industry Press, Beijing, 2013.

[2] Cheng Fabin, Tang Baoping, Zhao Ling A filtering method based on optimal Morlet wavelet and its
application in machine fault feature analysis. China Mechanical Engineering, Vol. 19, Issue 12, 2008,
p. 1437-1441.

[3] Rioul O., Vetterli M. Wavelets and signal processing. IEEE Signal Processing Magazine, Vol. 8,
Issue 4, 1991, p. 14-88.

[4] Wang Huiqin Wavelet Analysis and Application. Beijing University of Posts and
Telecommunications Press, Beijing, 2011.

[5] Vidakovic B. L., Ozoya C. B. On time-dependent wavelet denoising. IEEE Transactions on Signal
Processing, Vol. 46, Issue 9, 1998, p. 2549-2551.

[6] Pan Quan, Meng Jinli, Zhang Lei, et al. Wavelet filtering method and its application. Journal of
Electronics and Information Technology, Vol. 29, Issue 1, 2007, p. 236-242.

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. DEC 2016, VOL. 10. ISSN 2345-0533 467




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 ()
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


