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Abstract: Optical fiber vibration is detected by the coherent optical time domain reflection technique.
In addition to the vibration signals, the reflected signals include clutters and noises, which lead to a
high false alarm rate. The “cell averaging” constant false alarm rate algorithm has a high computing
speed, but its detection performance will be declined in nonhomogeneous environments such as
multiple targets. The “order statistics” constant false alarm rate algorithm has a distinct advantage in
multiple target environments, but it has a lower computing speed. An intelligent two-level detection
algorithm is presented based on “cell averaging” constant false alarm rate and “order statistics”
constant false alarm rate which work in serial way, and the detection speed of “cell averaging”
constant false alarm rate and performance of “order statistics” constant false alarm rate are conserved,
respectively. Through the adaptive selection, the “cell averaging” is applied in homogeneous
environments, and the two-level detection algorithm is employed in nonhomogeneous environments.
Our Monte Carlo simulation results demonstrate that considering different signal noise ratios, the
proposed algorithm gives better detection probability than that of “order statistics”.
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background clutter [2-4]. The “cell averaging” (CA)
[5] CFAR is the optimum CFAR algorithm in a
homogeneous  background,  compared  with
CA-CFAR, the “order statistics” (OS) [6] CFAR
processor  has

1. Introduction

Optical fiber vibration can be detected by the
coherent optical time domain reflection technique

which employs coherent detection [1], and the weak some detection wastage in

backscattering signal can be extracted effectively. homogenous environments, but has a distinct

Besides vibration, the reflected signals include advantage in multiple target environments. However,

clutters and noises, which lead to a high false alarm
rate. Constant false alarm rate (CFAR) detection
involves the estimation of the parameters of the
local clutter and the setting of a threshold for
decision so that a constant false alarm probability
(Py,) 1s guaranteed for all values of unknown clutter
parameters. A large number of CFAR detectors have
been proposed with different local statistics of the
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the real-time performance cannot be guaranteed,
because of taking a long time to rank.

Considering the development of the CFAR
detector, there are plenty of researches trying to
combine them so as to utilize the advantages of
different
algorithm performance in the

methods and balance the detection
homogeneous

backgrounds and nonhomogeneous environments.
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“Mean of order statistics and cell averaging”
(MOSCA) has been proposed in [7], ordered
statistics ~ (OS)-cell-averaging  (CA)-greatest-of
selection (GO) formed OSCAGO was presented in
[8, 9], and ordered statistics (OS)-cell-averaging
(CA)-smallest-of selection (SO) formed OSCASO
was proposed in [9]. The key of these methods is
that they use OS parametric estimation in the left
sliding window and CA estimation separately in the
right sliding window, then use the sum of estimation
of the leading and lagging sliding window as the
estimate of the total power level. By using the
combined algorithm, the time for sorting samples is
only the half of OS. Based on variability index (VI)
CFAR [10], the modified algorithm was proposed in
[11-13].
estimation algorithm which is a composite of the
CA-CFAR, SO-CFAR, and GO-CFAR approaches,
and take advantage of the excellent homogeneous

These methods utilize a background

environment  performance.  However, these
algorithms are complex and have a low efficiency.
The above detection algorithms need to be detected
only once, which cannot balance multiple problems.
For these problems that CA-CFAR exhibits severe
performance degradation in the presence of multiple
targets and the OS-CFAR costs long time for sorting,
an adaptive CFAR is firstly proposed in this paper.
In this algorithm, the homogeneity of background is
estimated before detection. When the background is
judged as homogeneous, CA-CFAR is applied. On
the other hand, CA-OS-CFAR is used. For the
CA-OS, the first level detection is CA-CFAR with a
two-dimensional column window to improve the
detecting speed and reduce the data to the next level
detection. The second level detection, OS-CFAR,
should be used to detect the outcome. In this method,
the detection speed of CA-CFAR and performance
of OS-CFAR are conserved, respectively. Finally,
the performance is analyzed by Monte Carlo
simulation, so that the feasibility and the availability

can be proved.

2. Principle of adaptive selection detection

The CA-CFAR processor sets the threshold by
using reference windows (also called as “sliding
windows” in [14]) to estimate local statistics of the
background. In this paper, a two-dimensional
column window proposed in [15] is employed. The
OS-CAFR processor sets the threshold by the ith
ordered value after ranking according to the
increasing magnitude. The detection schematic is

shown in Fig. 1.
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Fig. 1 Schematics of adaptive detection.
For the background estimation selection logic,
the VI-CFAR’s [10] method is employed. For

implementation purposes, the simplified statistic V7
is employed as follows:

2 N v\
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where u is the estimated population mean, o” is
the estimated population variance, and X is the
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arithmetic mean of the N cells in a reference
window.

The VI is compared with a threshold K, to
decide if the cells with which the VI is computed
are from a homogeneous environment or from a
nonhomogeneous environment using the following
hypothesis test:

VI < K,, = Homogeneous
VI > K,, = Nonhomogeneous .

For the hypothesis test, oy, given in (2), is
defined as the probability of error such that a
homogeneous environment is classified as variable

a, = P[VI > K, | Homogeneous Env.].  (2)
By analyzing the detected signals, the in-phase and
quadrature signals are identically
distributed (IID),

Consequently, the envelope amplitude at the output

independent,
Gaussian random processes.
of a square-law detector is an exponentially
distributed random variable. Based on the formula
(1), through Monte Carlo simulation, if the oy and N
are given, then K,, can be calculated as shown in
Table 1.

Tablel Ky, for background estimation selection logic.

ao N=10 N=20 N=30 N=40
0.1 25212 24401 2.3864 23497
0.05 2.8296 2.6750 25796 25145
0.01 3.5768 3.2608 3.0510 29154
0.005 3.9389 3.5340 3.2720 3.0972
0.001 47269 42051 3.8281 3.5765
0.0005 5.0994 45611 4.0887 3.7754
0.0001 5.9150 53367 4.6973 43595
For CA-CFAR, according to [16], it can be
known that
1
_pN
Tl =P fa -1 3)

where Py, is the probability of false alarm, N is the
length of the reference window, and 7 is the scale
factor. While detecting by CA-CFAR, the number of
reference cells is N = 2¢xd, that is the product of the
length of reference cells 2¢ and the length of time
dimension d with using the 2D column window. The
threshold coefficient of the first level detection is
shown as follows:
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1
u, —2c><d><[P 2ed 1], 4

For OS-CFAR, the probability of false alarm is
given by [5]

Pzﬂgqﬁ&ziﬁtflz

[Efj r(k+1)r((zz2 J—:]]\\[/)J:I —k)
p :
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According to the increasing magnitude, the

)

amplitude values taken from the reference window
are rank-ordered, and the kth ordered wvalue is
selected as the mean level statistic estimation. For a
Py, the threshold coefficient can be computed
iteratively from (5) while the reference window size
N and the order number k already have been given.

By CA-CFAR detection, the probability density
function of the data is as follows:

[ ()=
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For the resultant probability of false alarm, it can
be calculated by the following equation:

J £,(2) j 15 (9)didz

Uyz (7)
where, based on [16], f4(z) is defined as follows:

fz (Z) — %(ﬁj e—(N—k+l)z/,u (1 _ eiZ/” )k—l

g ®)
Therefore, the resultant probability of false

alarm is as follows:

Ifz(Z)I 1, (P)dpdz =
)

oo [ ] 5 e s

Because it is difficult to analyze the relationship
between two thresholds and the resultant probability
of false alarm, so the numerical approximation by
the Monte-Carlo experiment is employed.

Only the data crossed both the first level
detection threshold given by CA-CFAR and the
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second level detection threshold given by OS-CFAR
can be detected by using the two-level CFAR
detection algorithm. Therefore, the practical false
alarm rate is lower than the set false alarm rate in
this way. Because the analytical method is difficult
to implement, so Monte-Carlo simulation is
employed, and the first threshold coefficients u; and
the second threshold coefficients wu, should be
multiplied by coefficients a; and a, so as to achieve
the set false alarm rate, respectively. In this paper,
the CA-CFAR, OS-CFAR, and CA-OS-CFAR are
proposed to detect the same data file, respectively.
The false alarm time is given that 7;,=5min, based
on the given relationship between the false alarm
rate and time by (10):

T

P, =— (10)
Ja

In our system, the pulse width is 7= 16ms, and a
given Py, is 16/(5%60x1000) = 5.33x10°. The
Monte-Carlo trails need to be implemented by
10000 times to choose the value of a; and a,. From
the trails, when «;=0.9 and «,=0.9, the three false
alarm rates are shown in Table 2, respectively.

Table 2 P, comparison for three kinds of CFAR in
homogeneous environments.

CFAR P
CA 5.3526%10°°
0s 5.3105%10°°
CA-0S 5.3259*107°

From Table 2, the actual false alarm rate is close
to the set value, therefore, the two coefficients are
both chosen as 0.9.

For the first level detection, the arithmetic speed
increases by using a 2D slip window, then the least
amount of data is detected by the second level
detection. After two-level detection, the interference
of the interfering targets decreases, and the detection
speed of CA-CFAR and performance of OS-CFAR
are conserved, respectively. As shown in Table 2, the
same data are carried out by OS-CFAR, CA-CFAR,
and CA-OS-CFAR, respectively, and the time taken
by the experiments is shown in Table 3.

Table 3 Execution time comparison for three kinds of CFAR
detection algorithm.

N
10 20 30 40 50
CFA
CA 4.25786 4.01248 4.14747  4.16042 4.23280
CA-OS 4.54096 4.40214  4.42973 4.50570  4.47693
(6N 11.8978 11.5991 11.6829 11.9536 11.8496

From Table 3, it can be known that the speed of
CA-CFAR with the two-dimensional column
window is the fastest, and the speed of OS-CFAR is
the slowest. Compared with OS-CFAR, the speed is
fast about three times, and it is faster than that of the
algorithm of combined by CA and OS proposed in
[7-9].

3. Analysis of performance

The detection performance of the presented
detection algorithm and OS-CFAR algorithm are
analyzed by using Monte-Carlo simulation. The
length of reference cell is N=40, and the given false
alarm rate is Py, = 5.33*107, For the OS-CFAR,
CA-OS-CFAR, and the presented algorithm, the
order number k=30. The performance curves are
given in Fig.2 while only one target exists in the
reference window.
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Fig. 2 Detection probability comparison of OS-CFAR and
CA-OS-CFAR in different signal noise ratios (SNRs).

From the performance curves shown in Fig.2,
the performance of the presented detection
algorithm is much better than that of CA-OS and
OS-CFAR while one target exists in the reference
window.
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4. Conclusions

For signals detected by the COTDR technique, a
research by using the CFAR detection algorithm to
decrease the false alarm rate of detection signals is
presented. The CA-CFAR algorithm exhibits severe
performance degradation in the presence of multiple
targets, and the OS-CFAR algorithm costs long time
for sorting. To overcome these problems, an
adaptive CFAR algorithm based on ordered data
variability has been proposed. It does not require
any prior information about the environments, which
is a choice between CA-CFAR and the two-level
CFAR detection algorithm including CA-CFAR and
OS-CFAR which work in serial way, and the
detection speed of CA-CFAR and performance of
OS-CFAR are conserved, respectively. In this
relationship of two threshold
Monte-Carlo
simulation, and the relative formulas haven’t been

algorithm, the

coefficients is determined by

derived. Further research will be needed to derive
the detailed formulas for calculating threshold
coefficients.

Acknowledgment

This work is supported by “Scientific

pre-research foundation of North China University
of Technology” and “General project of science and

technology program of Beijing Education

Commission”.

Open Access This article is distributed under the terms
of the Creative Commons Attribution License which
permits any use, distribution, and reproduction in any
medium, provided the original author(s) and source are
credited.

References

[1] X. Li, H. Liang, W. Xu, and X. Zhang, “Comparison
of characteristics of commonly-used distributed
optical fiber sensors,” Optical Communication
Technology, 2007, 31(5): 14-18.

[2] D. J. Crisp, The state-of-the-art in ship detection in

Photonic Sensors

synthetic aperture radar imagery. Australia: Defence
Science and Technology Organisation, 2004.

[3] A. Pourmottaghi, M. R. Taban, and S. A. Gazor,
“CFAR detector in a nonhomogenous Weibull
clutter,” [EEE Transactions on Aerospace and
Electronic Systems, 2012, 48(2): 1747-1758.

[4]J. Liu, Z. Zhang, Y. Yang, and H. Liu, “A CFAR
adaptive subspace detector for first-order or
second-order Gaussian signals based on a single
observation,” [EEE  Transactions on  Signal
Processing, 2011, 59(11): 5126-5140.

[5] H. M. Finn and R. S. Johnson, “Adaptive detection
mode with threshold control as a function of spatially
sampled clutter level estimates,” RCA Review, 1968,
29(3): 414-464.

[6] H. Rohling, “Radar CFAR thresholding in clutter and
multiple target situations,” [EEE Transactions on
Aerospace and Electronic Systems, 1983, 19(3):
608-621.

[71 Y. He, J. Guan, Y. Peng, and D. Lu, “A new CFAR
detector based on order statistic and cell averaging,”
in Conference on CIE 1996 International Radar,
Beijing, pp. 106-108, 1996.

[8] Y. He and J. Guan, “A new CFAR detector with
greatest of selection,” in Conference on Radar IEEE 1995
International, Alexandria, USA, pp. 589-591, 1995.

[9] Y. He and J. Guan, “Two new CFAR detectors based
on greatest of and smallest of selection,” Systems
Engineering and Electronics, 1995, 17(7): 6-16.

[10] M. E. Smith and P. K. Varshney, “Intelligent CFAR
processor based on data variability,” I[EEE
Transactions on Aerospace and Electronic Systems,
2000, 36(3): 837-847.

[11] C. Hao, C. Hou, and W. Wang, “Distributed CFAR
detection based on modified VI-CFAR algorithm,”
Journal of System Simulation, 2007, 19(4): 830-832.

[12] C. Xu, T. Jian, Y. He, and X. Gu, “An improved
VI-CFAR detector,” Signal Processing, 2011, 27(6):
926-931.

[13] H. Yu, J. Tao, and L. An, “VI-CFAR detector based
on censored mean level,” Modern Defence
Technology, 2013, 41(4): 135-140.

[14] G. Gao, L. Liu, L. Zhao, G. Shi, and G. Kuang, “An
adaptive and fast CFAR algorithm based on
automatic censoring for target detection in
high-resolution SAR images,” IEEE Transactions on
Geoscience and Remote Sensing, 2009, 47(6):
1685-1697.

[15] Q. Pan and F. Li, “Fast algorithm of target detection
for terminal guidance radar,” Guidance & Fuze,
2007, 28(2): 16-19.

[16] P. P. Gandhi and S. A. Kassam, “Analysis of CFAR
processors in nonhomogeneous background,” /EEE

Transactions on Aerospace and Electronic Systems,
1988, 24(4): 427-445.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.3
  /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 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 (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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 false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


