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Abstract: High efficiency and precision of the pot center detection are the foundations of avionics 
instrument navigation and optics measurement basis for many applications. It has noticeable impact 
on overall system performance. Among them, laser spot detection is very important in the optical 
measurement technology. In order to improve the low accuracy of the spot center position, the 
algorithm is improved on the basis of the circle fitting. The pretreatment is used by circle fitting, and 
the improved adaptive denoising filter for TV repair technology can effectively improves the 
accuracy of the spot center position. At the same time, the pretreatment and de-noising can 
effectively reduce the influence of Gaussian white noise, which enhances the anti-jamming 
capability. 
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1. Introduction 

The laser spot images still have various 

challenges. Although the center can be seen with 

naked eyes, it has not high accuracy. By physical 

means, the middle point of the spot can be 

accurately found, but it needs more time and 

requires a high degree of precision for the physical 

equipment. Relatively, faster positioning algorithm 

using software has higher speed and accuracy for 

finding the spot center position. High efficiency and 

precision of the pot center detection, which are the 

foundations of avionics instrument navigation and 

optics measurement basis for many applications, 

have a noticeable impact on the overall system 

performance. Reference [1] presented an algorithm 

of laser spot detection based on circle fitting with a 

high precision, which has a high degree of accuracy. 

Reference [2] compared circle fitting and traditional 

algorithm of laser spot position, and the algorithm of 

circle fitting has advantages of high precision and 

efficiency. Reference [3] proposed a new algorithm 

of the image filters, and its performance was proved 

to be also very good. Reference [4] presented an 

algorithm of adaptive median filtering, which could 

automatically find and remove cycle disturbances. 

Yet, the laser spot has noise and other interference in 

real optical measurement, resulting in uneven 

distribution of spot signal strength. In general, the 

above algorithm does not meet requirements of 

accuracy or speed, and its anti-jamming ability is 

poor [5‒9]. Therefore, the improved algorithm is 

based on the original circle fitting. Before circle 

fitting, the algorithm has pretreatment to solve 
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various interferences, and then an improved TV 

filtering algorithm can have better filtering for 

Gaussian white noise and finally pinpoint the spot 

center. 

2. Theoretical analysis 

Fitting is based on least squares (smallest 

residual sum of squares) guidelines for mathematical 

methods [10‒12]. By fitting the target coordinates or 

grayscale, you can get the form of continuous 

functions, so that you can determine the values that 

describe each parameter object [13‒15]. When the 

target is characterized by round or ellipse, we extract 

a set of points of the target circle fitting, whose 

method is the laser beam profile. 

The equation of a circle is as follows: 
2 2 2( ) ( ) .x a y b r− + − =

        
(1) 

At this point, take the residuals as follows: 
2 2( ) ( ) .i i ix a y b rε = − + − −

       
(2) 

Abovely, a and b represent a collection of all the 

boundaries, and xi represents a sharp point coordinates. 

Residual sum of squares function is calculated as 

follows: 
22 2 2 2[( ) ( ) ]i i i

i E i E

Q x a y b rε
∈ ∈

= = − + − −  .   (3) 

By the least squares method, we can get the 

following equation: 

0
Q Q Q
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           (4) 

which is simplified by 
2 2 2 2 22 2 0a xa b yb r x y− + − − + + =     (5) 

2 2 2 2 3 22 2 0xa x a xb xyb xr x xy− + − − + + =   (6) 
2 2 2 2 2 32 2 0.ya xya yb y b yr x y y− + − − + + =  (7) 

Parameters satisfy the following formula: 
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Then, we can get 
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Lastly, we can combine the expression 

parameters with the formula parameters: 
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2 2 2 22 2r a xa b yb x y= − + − + + .                             (13) 

As can be seen by the above formulae,       

the algorithm is derived by the least squares   

circle fitting. Our algorithm can calculate each 

parameter, but its calculation speed is        

quick because it only calculates the central 

parameter. 

3. Test programme 

3.1 Process 

The flow chart of the improved algorithm is 

shown in Fig. 2. 

3.2 Improved algorithms and performance 
analysis 

White noise is a constant power spectral density 

of random signals or stochastic process. In other 

words, the signal powers are the same in all 

frequency bands, as white light is made up of 

frequency (color) of light mixed together. This flat 

nature of the power spectrum of the signal is said to 

be “white”, and thus this signal is called white noise. 

When being obtained from Gaussian distribution of 

the random sample values, samples consisting of 

random process is the “white Gaussian noise”. 
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Fig. 2 Processes of improvement algorithm. 

Firstly, we deal with the noise around image. 

Then, the improved TV filtering method is used to 

remove spots of Gaussian white noise. We test Gaussian 

white noise filtering and median (median filtering, 

MF) in order to verify the effectiveness of adaptive 

TV. The results of comparison are shown in Fig. 3. 

 

Original 

  

Noisy image 

    

Adaptive TV 

      
Median Filtering 

     

Averge Filtering 

 
Fig. 3 Results of our algorithm.

3.3 Results and analysis 

As we can see from Fig. 4, our method can better 

protect spot edge and traditional round edge in the 

process of detecting image. Also, we discover that 

the algorithm tends to lose some real information, 

which is not good for research of spot. 

          
Fig. 4 Process of detecting image.

4. Conclusions 

Based on the experimental results, we can 

conclude that the improved algorithm of laser spot 

center detection on circle fitting is better than the 

original method. The performance of the improved 

algorithm for noise immunity is better with the  

high accuracy. Therefore, studying on the algorithm 

of follow-up research on the spot is important. 

Acknowledgment 

This work was supported by Guangxi    

Natural Science Foundation (Grant No. 

2017GXNSFAA198261), Guangxi Normal 



                                                                                             Photonic Sensors 

 

52

University Key Program (Grant No. 2015ZD03), 

and Innovation Project of Guangxi Graduate 

Education (Grant Nos. XJGY201807 and 

XJGY201811), and Guangxi Scholarship Fund of 

Guangxi Education Department (Grant No.2017). 
 

OpenAccess  This article is distributed under the terms 
of the Creative Commons Attribution 4.0 International 
License (http://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons license, and 
indicate if changes were made. 
 

References 

[1] Z. K. Wu, G. K. Li, W. T. Wang, X. Yang, X. J. Tang, 
and D. S. Jiang, “Algorithm of laser spot detection 
based on circle fitting,” Infrared and Laser 
Engineering, 2002, 36(3): 276‒279. 

[2] B. Kong, Z. Wang, and Y. S. Tan, “Algorithm of laser 
spot detection based on circle fitting,” Infrared and 
Laser Engineering, 2002, 36(3): 276‒279. 

[3] B. Jiang and Z. Rahman, “Noise reduction using 
multi-resolution edge analysis,” SPIE, 2009, 7245: 
724507-1‒724507-11. 

[4] A. R. Weeks, T. Kasparis, and B. Kief, “Adaptive 
median filter for the removal of periodic interference 
from an image,” SPIE, 1994, 2238(022): 207‒217. 

[5] J. Bigeon, S. L. Liepvre, S. Vassant, N. Belabas, N. 
Bardou, C. Minot, et al., “Strong coupling between 
self-assembled molecules and surface plasmon 
polaritons,” Journal of Physical Chemistry Letters, 
2017, 8(22): 5626‒5632. 

[6] F. Y. Gan, Y. J. Wang, C. W. Sun, G. R. Zhang, H. Y. 
Li, J. J. Chen, et al., “Widely tuning surface plasmon 

polaritons with laser-induced bubbles,”     
Advanced Optical Materials, 2017, 5(4): 
1600545-1‒1600545-7. 

[7] W. Wang, S. S. Gao, and Y Meng, “Transmission 
characteristics of surface plasmon polaritons in 
‘θ’-shaped resonator,” Acta Physica Sinica, 2017, 66: 
017301-1‒017301-5. 

[8] Y. Q. Yang, R. Shi, X. N. Yu, and T. N. Gao, “An 
algorithm to raise the locating precision of laser spot 
center based on Hough transform,” Acta Optica 
Sinica, 1999, 19(12): 1655‒1660. 

[9] J. W. Cui, J. B. Tan, L. Ao, and W. J. Kang, 
“Optimized algorithm of laser spot center location in 
strong noise,” Journal of Physics: Conference Series, 
2005, 13(1): 312‒315. 

[10] T. Hashimoto, F. Yagami, M. Owada, T. Sugawara, 
and M. Kawamura, “Salt preference according to a 
questionnaire vs. dietary salt intake estimated by a 
spot urine method in participants at a health 
check-up center,” Internal Medicine, 2008, 47(5): 
399‒403. 

[11] L. L. Wang, Z. W. Hu, and H. X. Ji, “Laser spot 
center location algorithm based on Gaussian fitting,” 
Journal of Applied Optics, 2012, 33(05): 985‒   
990. 

[12] J. W. Cui, J. B. Tan, L. Ao, and W. J. Kang, 
“Optimized algorithm of laser spot center location in 
strong noise,” Journal of Physics, 2005, 13: 
312‒315. 

[13] Y. M. Xu, C. Xing, and G. L. Liu, “Comparisons of 
several methods of laser spot center detection,” 
Hydrographic Surveying & Charting, 2007, 27(2): 
74‒76. 

[14] Z. L. Lan and X. F. Yang, “Practical improvement of 
laser spot center location algorithm,” Computer 
Engineering, 2008, 34(6): 7‒9. 

[15] Y. Zheng, “Subpixel location of the center of laser 
spot based on spatial moments,” Laser & Infrared, 
2005, 7: 521‒523. 

  



<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 ()
  /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


