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Abstract— Digital image processing is playing an increasingly 
important part in imaging based flame monitoring systems. A 
crucial step in flame image processing is to detect the flame edge, 
a dividing boundary between the area where there is thermo-
chemical reaction and those without. The determination of flame 
edges is a precursor to flame image processing and measurement 
of flame parameters. Several known edge detection methods have 
been tested to identify flame edges but the results achieved are 
disappointing. As a result of recent work in feature analysis of 
flame images, a novel flame edge detection method has been 
developed, which can detect the flame edges effectively and 
efficiently. 
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I.  INTRODUCTION  
To meet the stringent standards on combustion efficiency 

and pollutant emissions, flame monitoring with a quantitative 
means is becoming increasingly important in foil-fuel 
combustion systems, particularly in power generation plants [1]. 
This has led to a wave of research in advanced flame imaging 
technologies [2, 3], not only in the power generation industry, 
but also in fire safety engineering [4].  

Edge detection is one of the important steps in flame image 
processing. There are several reasons why it is necessary to 
identify flame edges. First, flame edges determine the region of 
a flame. This is especially important in the 3-D reconstruction 
of the flame as without clearly defined edges, the flame cannot 
correctly be reconstructed. Second, the use of flame edges can 
reduce the amount of processing data and filter out unwanted 
information, such as background noise within the image. In 
other words, the edge detection can preserve the important 
structural properties of the flame and meanwhile shorten the 
processing time. Third, the edge detection can be used to 
segment a group of the flames. This is particularly important 
for the multiple flame monitoring in practical furnaces where a 
multi-burner system is normally used. Finally but most 
importantly, the flame edges form a basis for the quantitative 
determination of a range of flame characteristic parameters. 

A number of methods have been reported for extracting 
flame edges for the geometric characterization of the flame [5, 
6], and for the determination of fire location [7, 8]. A three-
dimensional (3-D) flame monitoring systems has also been 
reported where three identical color CCD cameras together 

with optical transmission units were used to concurrently 
capture three images of a flame from different perspectives [5]. 
The outer edges of the flame images were detected and the 
information obtained were used to build the geometric model 
of the flame and thus to determine the size, volume and 
location of the flame.  

In this research several edge detection methods are 
examined to assess their effectiveness for flame edge 
identification. Despite many parameters are delicately adjusted 
in the use of these methods, flame edges still cannot be 
identified. It is therefore desirable to develop a dedicated edge 
detection method for flame image processing. As a result of 
recent work in characteristic analysis of flame images, a novel 
computing algorithm is proposed where some of the unique 
features of a flame image such as the number of main objects 
and strong comparative brightness are used to identify flame 
edges. Adopting these features, one can detect the coarse and 
superfluous edges in a flame image and then identify the flame 
main edges and remove the unrelated edges. 

II. BASIC METHODS OF EDGE DETECTION AND THEIR 
APPLICATIONS TO FLAME IMAGES  

A typical edge in an image might for instance be the border 
between blocks of different colors. The basic edge detection 
method is to determine the level of variance between different 
pixels by executing edge-detection operators for each small 
matrix area. The edge-detection operator is calculated by 
forming a matrix centered on a pixel chosen as the center of the 
matrix area. If the value of this matrix area is above a given 
threshold, then the middle pixel is classified as an edge.  

Mathematically, the edges are represented by first- and 
second-order derivatives. The first-order derivative (i.e., 
gradient) of a 2D function, f(x, y), is defined as a vector [9]:  

                       (1) 

where Gx and Gy are the gradients in the x and y coordinates, 
respectively. The magnitude of the vector is given by: 

  .  (2) 

The angle , at which the maximum rate of change occurs, is: 

 .                            (3) 
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All the gradient-based algorithms have kernel operators that 
calculate the strength of the slope in directions which are 
orthogonal to each other, commonly vertical and horizontal. 
Examples of gradient-based edge detection operators include 
Roberts, Prewitt, and Sobel operators. Then, contributions of 
the different components of the slopes are combined to give the 
total value of the edge strength. As an improved method using 
the Sobel operator, the Canny edge detection algorithm is 
known as an optimal edge detector [10]. In the present research, 
these common edge detection methods have been attempted 
with adequate parameters to process typical flame images. 
Figure 1 shows example results obtained along with the 
original image. As can be seen, those common edge detection 
methods can only identify a part of the flame edges, or wrongly 
identified small edges that are obviously not the edges of the 
main flame.  

   
(a) The original image  (b) Matlab’s edge function (c) Canny method

   
(d) Prewitt method (e) Sobel method (f) Roberts method

Figure 1. Representive results using the common edge detection methods. 

III. A NOVEL EDGE DETECTION ALGORITHM  
FOR FLAME IMAGE PROCESSING 

Since flame images are a special class of images, some of 
the unique features of a flame may be used to identify flame 
edges. There are some differences between flame images and 
other general images: flames are the main objects in the images; 
the brightness of the flame is generally much higher than the 
other objects while the background is comparatively dark; 
furthermore, there is generally only one flame or one group of 
flames in one image. The expected flame edge should be one 
and only one clear, continuous, and uninterrupted edge. 
Adopting these features, we have developed a novel flame edge 
detection algorithm. The algorithm can be divided into several 
logical steps as follows:  

Step 1: Adjust the gray level of a flame image according to 
its statistical distribution. 

Step 2: Smooth the image to eliminate noise. 

Step 3: Use the Sobel operator to find basic edges. This is 
achieved by finding the gradients of all the pixels in the image 
so as to highlight the regions with high gray level contrast at 
their edges. The algorithm then tracks along those regions and 
suppresses any pixels that are not at the peaks of gradients. If 
the magnitude of the gradient is above the high threshold TH, it 
is deemed an edge. And if the magnitude is between the two 
thresholds, i.e., high threshold TH and low threshold TL, then it 
is set to zero unless there is a path from this pixel to a pixel 
with a gradient above TL.  

The Sobel operator performs a two dimensional spatial 
gradient measurement on an image. Then the approximate 
absolute gradient magnitude (edge strength) at each point can 
be found. It uses a pair of 3x3 convolution masks, one 
estimating the gradient in the x-direction (columns) and 
another estimating the gradient in the y-direction (rows). The 
Sobel operator is expressed as follows [11]:  

,                                                 (4) 

.                                           (5) 

Step 4: Adjust TH and TL to get a better result. This is done 
by giving the first pair of TH and TL initial values according to 
the apriori results of similar flame images, and then adjusting 
the values for a better result. The ‘better’ result is assessed by 
that how many edges there are: the more edge pixels detected 
in the edge image, the better the parameters are. Another 
threshold TE is also set to restrict the total number of edges, i.e., 
if the number of edge pixels exceeds TE, the automatic 
adjustment will be terminated. Until now, a preliminary image 
with edges identified is obtained from the original flame image. 
It is designated as a Preliminary Edge Image (PEI).  

Step 5: Remove unrelated edges in the PEI through the 
following steps; 

5a) Select any edge point in the PEI, remove that point 
from the PEI, allocate a new temporary edge image and plot 
the point onto the temporary edge image. 

5b) Use the selected point as the center and search in a 3×3 
area. Store the location of all the neighboring pixels if they are 
edge pixels. In eight neighboring pixels, operations are taken 
for the following three different cases,  

 If there is no neighboring pixel, the selected point is then 
an isolated point, and should be removed from the PEI. 
Terminate the search and go to Step 5d.  

 If there is one neighboring pixel, the selected point is an 
end point. It should then be removed from the PEI, plotted 
onto the temporary edge image, and added into the endpoint 
list. Start the new search from the found neighbor and go to 
Step 5c.  

 If there are more than two neighboring pixels, then the 
selected point is a normal transition point in an edge line or 
an intersection with more than three bifurcations. Set one of 



the neighboring points as the new search center and start a 
search. Store the other positions as unchecked conjunction 
points, and then go to Step 5b.  

Figure 2 illustrates how the tracing step moves forward if 
the old search center is replaced by a new search center. In the 
pixels of the left image in Figure 2, pixel ‘5’ is the center 
selected. Suppose an edge point at pixel ‘9’ is found, then 
remove pixel ‘5’ from the PEI to temporary edge image, and 
pixel ‘9’ will be the new search center. In this way, the search 
moves forward pixel by pixel. 

 

 
Figure 2. Illustration of movement of the edge search. 

5c) Check the conjunction points. If all the conjunction 
points have been searched as a center, one temporary edge 
image is then completed. Compute the lengths of any two end 
points in the temporary edge image and pick out the longest 
one. Then go to Step 5d. 

5d) If all the pixels in the PEI are moved to the temporary 
edge image, then go to Step 6.  

Step 6: Plot the pixels of the longest edge in the final edge 
image which should have the same size as the original image. 
The whole process is then complete.  

The flow chart of the whole process is given in Figure 3.  

IV. EXPERIMENTAL RESULTS AND ANALYSIS 
After implementing the algorithm as described in Section 

III, hundreds of flame images were processed using the 
algorithm so as to evaluate its effectiveness. The images used 
were taken for propane Bunsen flames burning in open air. The 
results have shown that clear flame edges have successfully 
been identified in all the flame images. Figure 4 shows typical 
processed flame images with edges identified. In comparison 
with the test results presented in Figure 1, it can be clearly 
observed that the developed algorithm can successfully detect 
the clear edges of the flame and disregard unrelated small 
edges, which the common edge detection methods cannot do. It 
makes much easier to distinguish the flame region from the 
background. The algorithm can also be used to extract the 
edges of complex flames such as turbulent diffusion flames or 
flames of pool fires [12]. The clearly defined flame edges will 
form a basis for subsequent processing of the flame images 
such as flame size computation, flame background removal, 
and determination of other flame parameters [3]. 

Although the algorithm appears to be long, it is not tedious 
in computation. Tested on a desktop computer with 2.66GHz 
Intel® Quad CPU, it can detect 180 flame edges of 141×161 
pixels flame images in one minute. 

 
Figure 3. Flow chart of the flame edge detection algorithm. 
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(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 4. Some of the flame edge detection results [Left column: original 
images; right column: images with identified edges. (a) Diffusion pronane-
flame, (c) Partially-premixed pronane-flame, (e) Small scale pool fire[13]]. 

V. CONCLUSIONS 
After flame characteristics are analyzed, a new flame edge 

detection method has been developed and evaluated in 
comparison with conventional methods. Experimental results 
have demonstrated that the algorithm developed is effective in 
identifying the edges of complex and irregular flames in noisy 
images. This reasonably fast and convenient flame edge 
detection method lays a good foundation for subsequent 
quantification of flame parameters and 3D flame reconstruction 
and visualization.  

ACKNOWLEDGMENTS  
Acknowledgments are made to the RCUK’s Energy 

Programme for grants (EP/G062153/1 and EP/G063214/1) in 
aid of this research, but the views expressed are those of the 
authors, and not necessarily those of the RCUK. The Energy 
Programme is an RCUK cross-council initiative led by the 
EPSRC and contributed to by ESRC, NERC, BBSRC and 
STFC. 

REFERENCES 
[1] D. Roddy, Advanced Power Plant Materials, Design and Technology, 

Woodhead Publishing, ISBN 1 84569 515 1, 2010. 
[2] G. Lu, Y. Yan, and M. Colechin, “A digital imaging based multi-

functional flame monitoring system”, IEEE Trans. Instrum. Meas., Vol. 
53, No. 4, pp. 1152-1158, 2004. 

[3] Y. Yan, T. Qiu, G. Lu, M. M. Hossain and G. Gilabertet, “Recent 
advances in 3D flame tomography”,  Proceedings of the 6th  World 
Congress on Industrial Process Tomography, Beijing, China, pp. 1530-
1539, September, 2010.  

[4] D. S. Huang, L. Heutte, and M. Loog, “Real-time fire detection using 
camera sequence image in tunnel environment”, ICIC 2007, LNCS 
4681, pp. 1209–1220, 2007. 

[5] G. Lu, G. Gilabert and Y. Yan, “Vision based monitoring and 
characterisation of combustion flames”, Journal of Physics: Conference 
Series 15, pp. 194–200, 2005. 

[6] H. C. Bheemul, G. Lu, and Y. Yan, “Three-dimensional visualization 
and quantitative characterization of gaseous flames,” Meas. Sci. 
Technol.,vol. 13, No. 10, pp. 1643–1650, 2002. 

[7] B. C. Ko, K. H. Cheong, and J. Y. Nam, “Fire detection based on vision 
sensor and support vector machines ”, Fire Safety Journal, Vol. 44, pp. 
322–329, 2009. 

[8] Q. Jiang, and Q. Wang, “Large space fire image processing of improving 
canny edge detector based on adaptive smoothing”, 2010 International 
Conference on Innovative Computing and Communication and 2010 
Asia-Pacific Conference on Information Technology and Ocean 
Engineering, 2010. 

[9] R. C. Gonzalez and R. EWoods, Digital Image Processing, Second 
Edition, Prentice Hall, 2002. 

[10] T. Steinhaus, S. Welch, R. Carvel, and J. L. Torero,  “Large-scale pool 
fires”, Thermal Science Journal, Vol. 11, No. 3, special on fire, 2007. 

[11] J. Canny, “A computational approach to edge detection”, IEEE 
Transactions on PAMI, Vol. 8, No. 6, pp. 679–698, 1986. 

[12] K. R. Castleman,  Digital Image Processing, Prentice Hall, 1995. 
[13] SWRI, “Small-scale liquid pool fire characterization”, Available at:   

http://www.swri.org/4org/d01/fire/firetech/about.htm.  

 



<<
  /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 1.4
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


