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Abstract-A fast target tracking algorithm based on connected
component labeling and grey value statistics is proposed. First
of all, nonlinear transformation is applied to perform
enhancement for targets; and then adaptive threshold is
applied to perform pre-processing division for the images;
finally, target characteristics which are extracted through
connected component labeling and grey value statistics are
used to match the gray, the area and position of target, then
pinpointing the target. Experimental results on the MATLAB
software platform and the SOPC hardware platform show that
it can perform real-time track accurately for the infrared small
targets.
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I.  INTRODUCTION

Image processing of high maneuvering targets is a key
technology of the guidance system, its main task is
providing target seeker with accurate location information.
Accuracy and real-time performance are two important
indicators of a infrared tracking system. The cross-
projection algorithm has the advantage of real time
performance and the disadvantage of poor extracting the
covered target[1]. Mean shift algorithm has the problem of
inaccurate positioning[2]. Multiple target tracking algorithm
such as JPDA and MHF has large computation and poor
real-time performance [3,4]. Connected component labeling
algorithm is processing binary image, it has the advantage
of the more accurate positioning and the disadvantage of
false alarming because of losing the image gray
information[5].

This paper expounds a fast target tracking algorithm
based on connected component labeling and grey value
statistics, First of all, nonlinear transformation is applied to
perform enhancement for targets; and then adaptive
threshold is applied to perform pre-processing division for
the images, connected component labeling algorithm and
grey value statistics algorithm are used to track real-time
target. The experiment result shows that the fast algorithm
expounded by this paper can perfectly solve the problem of
the difficult fusion of single target tracking and multi target
tracking, poor tracking accuracy, large computation and
real-time performance which does not meet the requirement.

II.  ALGORITHN DESIGN

Flow chart of fast target tracking algorithm is shown in
Fig.1(a). Firstly, nonlinear transformation is applied to

perform enhancement for targets; secondly, adaptive
threshold is applied to perform pre-processing division for
the target, lastly, target characteristics which are extracted
through connected component labeling and grey value
statistics are used to match and pinpoint the target. The
principles of the algorithm are as follows

A. NON-LINEAR TARGET ENHANCEMENT

For the traditional tracker, a linear quantizing strategy is
used to model the probability density function (pdf) of a
target model. For our applications, the radiation of infrared
targets is often much stronger than those of background and
noise. To emphasize the contributions of high gray value
components in the image, we propose a nonlinear small
infrared target region modeling strategy [6]. For an infrared
image with 256 gray levels, a nonlinear quantizing function
is defined as

The parameter M is the mean of gray values in the target
or the whole infrared image (this variable is set to match the
changes of illumination and infrared background) and / is a
quantizing sloping factor. m is the number of bins (i.e.
quantizing level). £®) is the quantization value of the pixel

intensity at “.

Fig.2 shows a comparison of the traditional linear
quantizing and the proposed nonlinear quantizing. The black
square in Fig.2(a) (64x64 pixels) is selected to compare
quantizing effects. Fig.2(b) and Fig.2(c) are the
corresponding gray level histograms quantized by the
traditional linear quantizing strategy and our strategy,
respectively. It is apparent that our method improves the
middle and high gray value components (the quantized
values 15~25). Also the distribution of the middle gray
value components spreads from the central region to the
both sides of the histogram, so the diversity of gray value
distribution can be kept after quantizing.
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Figure 2. Comparisons of the traditional linear quantizing and the

proposed nonlinear quantizing (parameters: M =145 and ! =2)

B. ADAPTIVE IMAGE SEGMENTATION

As the infrared image under the influence of ambient
temperature changes greatly, using fixed or the sole
threshold division cannot achieve the good threshold value
segmentation results. This paper uses the auto-adapted
threshold value segmentation, not only considering the
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overall characteristics of the image, but also taking into
account the partial characteristics, to achieve the good
threshold value segmentation results.

The auto-adapted threshold infrared
segmentation algorithm design is as follows:

small goal

1. Compute partial image average gray value ()
Uses the entire 1 matrix template and the primitive image f
convolution, seeking the image average gray value in a 5x5
window around estimated point, and L is 5x5 entire 1
matrix template.

— 1 & o
f(i,j)=f®L=ZzZf(i-*—m,j-ﬁ—n) (2)

2.  Estimate partial variance i) Because calculating
the square root is difficult in engineering, using the absolute
value average 9(.J) approximate estimate.

1 2 2 —
a6 )= X X | G mjem = 1G ) (3)

3. Supposes K is the threshold coefficient, the
Detection threshold computation is as follows:

thi, j)= f(i, j)+kxd{(i, j) (@))
4.  Threshold detection.

f(i,j):{l Pz e (5)
0 FUL )< th(i,))

C. ASSOCIATION TARGET TRACKONG

Grey value statistics algorithm such as mean shift has
the advantage of realizing simple and the disadvantage of
positioning inaccuracy. Traditional connected component
labeling algorithm has the advantage of positioning
accuracy and the disadvantage of false alarming because of
discarding the image gray information. In this paper, we
skillfully combinated connected component labeling and
grey value statistics, overcoming the disadvantage of losing
the gray information in traditional connected component
labeling algorithm and positioning inaccuracy in grey value
statistics algorithm.

1) CONNECTED COMPONENT LABELING

Connected component labeling is a common method of
extracting target feature. After the image is processed by
connected component labeling, the same label pixels belong
to the same target, and then you can calculate the center and
area of each target.

2) GREY VALUE STATISTICS

This paper takes grey value statistics algorithm.All
pixels are arranged in ascending order by grey value in the
trace window, the first N1 pixels which have the equal
quantity with target area 4 were selected in arranged pixels
and extracted grey value statistics, taking the mean value
Hni of the first Vi pixels as the target mean. Extracting
associated V:pixels which have maximum mean value from
V. pixels, and calculating the central point coordinate of
N pixels.

Associated basis:

® The grey value difference between adjacent

pixels are less than M1

® All associated pixels are is in > neighborhood.
3) TARGET MATCHING

According to the step 1.3.1 and step 1.3.2, we exact the
target average, the target area and central point coordinate
and match the gray, the area and position of trace target. The
specific matching methods are as follows:

Gray matching: we compare the target average of this
frame image with the target average of the previous frame
image, judging whether the average difference is in §

neighborhood, if the difference is in § neighborhood, grey

matching signal is 1; else, grey matching signal is 0.

The method of area matching and position matching is
the same as gray matching.

After above 3 steps, there are still more than one
suspected targets in the window. According to the most
close neighbor principle, the choice is the minimum distance
target.

4) JUDGING TARGET AS TRUE OR FALSE.

According to the step 1.3.3,if grey matching signal,aver
matching signal and position matching signal have more
than two effective signals, then judging that the target is the
real target, carrying on the precise positioning according to
the step 1.3.5, else, then judging that the target is the false
target, taking the previous frame target location as a target
location.

5) PRECISE POSITIONING

According to the step 1.3.4,if the target is the real target,
calculating the difference between the target central point
coordinate and target areal coordinates. If the difference is
less than the distance between two pixels, then taking the
areal coordinates as a target position coordinates, else,
taking the average between areal coordinates and central
point coordinate as target central location.

II. 3 EXPERIMENTAL RESULT AND ANALYSIS

The experiment is verified in SOPC hardware platform,
its structure diagram is shown in Fig.1(b). Infrared detector
transports digital image, enhancing targets, adaptive
threshold segmentation, connected component labeling and
grey value statistics is carried on in FPGA. Statistical target
information is send to CPU by internal double ram, and then
targets are matched and pinpointed in Nios II CPU. In the
end, the results of handling are sent to the controlling
computer.

The fast target tracking algorithm is tested on this signal
processing board. Fig.3 has given an result of an actual
image processed by the infrared detector in this system.
Multi-target images are simulated in Matlab, three targets
move along different elliptical paths. Real movement targets
are circled out in the green line, and others are fault targets.
Fig.3 has also given simulation results.

Because all operations are aiming at processing image in
tracking Window, and the module are one-way, the simple
module repeated use can apply to multiple target tracking
and can achieve multi-target tracking.

Proved by system testing, the entire algorithm execution
time is smaller than 700 ps; it is also smaller than 2 ms
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requested by processing time. This system meets the real-
time requirements and the target detection effect is quite
ideal.

IV. 4 SUMMARIES

This paper expounds a fast target tracking algorithm
based on connected component labeling and grey value
statistics, First of all, according to infrared image
characteristic, nonlinear transformation is applied to
perform enhancement for targets; and then adaptive
threshold is applied to perform pre-processing division for
the target; target characteristics which are extracted through
connected component labeling and grey value statistics are
used to match and pinpoint the target, it can perform real-
time track accurately for the infrared small targets. The
experiment result based on the SOPC hardware platform
shows that the algorithm meets the real-time requirements
of image processing and possesses good portability. The

simulation result based on the MATLAB software platform
shows that the algorithm has a multi target tracking effect.
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figurel. (a) Flow chart of fast target tracking algorithm (b) Structure Block Diagram of SOPC
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Figure3. (a) Original actual image (b) enhanced result (c) Segmentation result (d) Tracking result(e) Multi-objective original image (f) The 1th detection
result (g) The 6th detection result (h) The 157th detection result

Published by Atlantis Press, Paris, France.
© the authors
1270




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.7
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.162 841.890]
>> setpagedevice




