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Abstract 

Image algorithms used herein are Tracking-Learning-Detection (TLD) and Speed UP Robust Features (SURF). 
TLD is used for target tracking and SURF is used for identifying targets. We use zoning identification, with the use 
of statistical probability to strengthen the efficiency of TLD and SURF. With such a method, the efficiency of 
image identification and target tracking can be enhanced so that the robot can simultaneously track and identify 
multiple targets. 

Keywords: multi-target tracking, TLD, SURF, image identification, mobile robot. 

1. Introduction 

Image recognition and tracking technology are 
important issues on robotics research. Fabian et al. [1] 
used Microsoft Kinect and Simulink for instant object 
tracking. Marković et al. [2] used omnidirectional 
camera on a mobile robot to track and follow objects. 
Huang et al. [3] used the SURF algorithm to make the 
robot have the ability to follow the object. As can be 
seen from previous studies, image recognition and 
tracking technology usually require dedicated imaging 
equipment or complex algorithms. But this will cause an 
increase in the cost of mobile robot, or reduce the 
efficiency of the mobile robot. Therefore, how to 
enhance the efficiency of the mobile robot on image 

identification and tracking is the main research purpose 
of this paper. 
The image tracking algorithm that we use is TLD [4] 
which was developed by Zedenek Kalal, University of 
Surrey, Czech. The TLD algorithm used for tracking 
single-target for a long time. In this paper we extend the 
TLD algorithm to multi-target tracking based on the 
original single-target tracking. But this algorithm cannot 
identify the tracked target. The TLD framework 
improves the tracking performance by combining a 
detector and an optical-flow tracker. Since this 
algorithm is based on optical flow, the accuracy of TLD 
cannot be high. So we use Speed UP Robust Features 
(SURF) to assist the targets identification and as an 
auxiliary for TLD algorithm to track the targets.  
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SURF is based on the scale-invariant feature transform 
Scale-invariant feature transform (SIFT) to identify the 
object. Although SURF operation is relatively light to 
the SIFT, it will still affect the effectiveness of the 
mobile robot. Therefore, in this paper, the image is 
divided into some separate regions. Each region is 
detected in turn. Supplemented with the statistics and 
probability, it can assist TLD on tracking. The target 
tracking and identification process with SURF and TLD 
is shown in Fig. 1. The relevant algorithms will be 
explained in the next section. 

2. Algorithms 

2.1. TLD 

TLD technology is divided into three parts. They are the 
tracker, the learning process and the detector. Tracker 
and detector operate in parallel in TLD. Both the 
tracking and detecting results will feed into the learning 
process. The new model after learning is feedback to the 
tracker and detector resulting in a real-time updating. 
The overall process ensures that even if the target 
appearance changes, the target can still be tracked. The 
architecture of TLD tracking is shown in Fig. 2.  
TLD's tracker estimates the motion of the target using 
the Lucas-Kanada [6] [7] optical flow, which is a frame 
to frame tracking method. However, the precision of the 
optical flow tracking is not high, thus it often results in a 
tracking failure. The detector records the history of 
target locations and surface information, called learning, 
and will re-detect while tracking failure. 
P-N learning [9] is a very important part of tracking in 
TLD. Here P is Positive Constraint, also known as P-
expert or growing event, and N is Negative Constraint, 
also known as N-expert or pruning event. In practice, P-
experts as well as N-experts will have a certain bias, but 
the study of Zdenek Kalal found that, although there is 
an error, under certain conditions, the error is 
acceptable, and performance testing module will 
therefore be improved. The P-N learning consists of 
four parts: 
(i) A classifier for learning; 

(ii) A training sample set; 
(iii) Supervised learning; 
(iv) P-N experts: to generate positive and negative 

samples in the learning process; 

The relationship between these parts is shown in Fig. 3. 
The “random forest” classifier, which can instantly 
update and forecast, is used in the detector [4, 6]. The 
information for the feature detector is generated by 
random forests 2bitBP (2 bit binary pattern). The 

 

Fig. 1.   Target tracking and identification process with SURF 
and TLD. 

 
Fig. 2.  TLD tracking architecture [4]. 
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gradient orientation information of a specific area will 
be converted into encoded output. 2bitBP is similar to 
harr-like feature which includes the feature type and the 
corresponding characteristic values. Therefore, when 
using nFeat type to express the object, each Fern is a 
Quad tree because of the 2bitBP characteristics. 
TLD tracking module is based on the Median Flow 
tracker method. This method is performed on a frame. 
Select some pixels as the feature points in the previous 
frame and then find the corresponding positions in the 
current frame by the feature values. Then sort the 
displacements of these features pixels and find the 
median of these displacements. Finally let the pixels 
less than 50% of the median as the next feature pixels. 
Since this approach assumes that the tracked object is in 
the frame, it will fail once the object is out of the frame 
or obscured. The SURF will be used for confirmation at 
that time. Once it is confirmed, the new tracking target 
will be selected by the TLD. 

2.2. SURF 

SURF is a technology for image recognition and 
tracking based on SIFT. The main difference is that 
SIFT uses DoG (Difference-of-Gaussians) image, and 
SURF uses the determinant of a Hessian matrix to 
approximate the image. The Hessian matrix of a pixel in 
an image can be defined as [5]: 
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The sign of the determinant value can be used to 
classify the point and to determine the point is an 
extreme point or not. In the SURF algorithm, the 
function value f(x, y) is replaced by the image pixel I(x, 
y), and a second-order standard Gaussian function is 
chosen as a filter. Then elements of H matrix can be 
obtained by convolution and second-order partial 
derivatives as following: 

 







=

),,(),,(
),,(),,(

),,(
σσ
σσ

σ
yxLyxL
yxLyxL

yxH
yyxy

xyxx  (3) 

 ),(),,(),,( yxIyxGyxL ∗= σσ  (4) 

where 

 2)(
2 2/

2
1),,(

22
σ

πσ
σ yxeyxG +−=  (5) 

and σ is the scale. The determinant of the H matrix of 
each pixel of the image can be obtained. Hence each 
point can be classified. For the ease of application, 
Herbert Bay proposed to replace the L by an 
approximation [9]. The discriminant of H matrix can be 
expressed as: 
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Finally, what we want is a transformed image of the 
original image, because we have to look for the feature 
points on the transformed image and then reflect it onto 
the original image. And this is constituted by the 
approximate determinant of the Hessian matrix of each 
pixel with the approximate determinant defined by: 

 2)9.0()det( xyyyxxapprox DDDH −=  (7) 

Since SURF process the pixels at the image for Hessian 
matrix processing simultaneously on both X and Y 
directions, its efficiency is better than SIFT. But it still 
requires a large amount of computation. So we take the 
solution as follows: 
(i) Identify region by region to reduce the amount of 

pixel processing. Because the entire image is 
divided into nine regions for TLD tracking, SURF 
will therefore use the same area for identification 
and tracking. 

(ii) Determine the identification sequence according to 
the orientation. Since the orientation of the robot 

 
Fig. 3.  TLD learning architecture [8]. 
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can be known, we design the scanning sequence 
following the orientation of the robot, as shown in 
Fig. 4. The central region is of higher priority, then 
the upper and lower regions. With this strategy, the 
target tracking for the mobile robot can be of higher 
efficiency. 

3. Experimental Results  

A Microsoft's LifeCam Cinema was used in our 
experiments. Because of its large aperture and high-
resolution, images with better quality can be obtained. 
For the image tracking and identification system, the 
entire image was cut into nine regions, and TLD was 
applied to have the tracked object, and then SURF was 
used for identification. The CPU of the computer for the 
experiment is INTEL I5-3470 with 8G memory, and the 
system was developed by EMGUCV 2.4 and Microsoft 
Visual Studio VB2010. The experimental results are 
shown in Fig. 5. The red box marks the tracking target 
of TLD, and the blue box marks the SURF tracking and 
identification results with the identification result of 
SURF marked at the upper right corner. 

4. Conclusion  

The TLD and SURF algorithms are successfully 
combined in this paper so that the robot's vision system 

can track and identify the targets. The entire image is 
divided into nine regions, in order to reduce the loading 
on image processing, and to enhance the efficiency of 
tracking and identification. You used a mid-level 
webcam in this paper resulting a lower image quality 
and higher failure rate in tracking and identification. 
High-level camera and CUDA (Compute Unified 
Device Architecture) can increase the quality of image 
and efficiency of image processing. Thus this algorithm 
can be used in a more complex environment. We 
believe that the algorithm can be widely used in robot 
systems in the near future. 
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(a) turn left        (b) forward       (c) turn right 

Fig. 4.  Robot orientation relationship with SURF scanning 
order. 

 
Fig. 5. Tracking and identification result by TLD and SURF. 

Published by Atlantis Press
Copyright: the authors

147


	1. Introduction
	2. Algorithms
	2.1. TLD
	2.2. SURF

	3. Experimental Results
	4. Conclusion
	Acknowledgements
	References


<<

  /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 /LeaveColorUnchanged

  /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 <>

    /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.)

    /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.)

  >>

  /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



