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Abstract. A novel automated blemish detection system for ripe and unripe or-
anges is proposed in this paper.  The algorithm is unique in that it does not rely 
on the global variations between pixels depicting the colours of an orange.  By 
utilizing a priori knowledge of the properties of rounded convex objects, we in-
troduce a set of colour classes that effectively ‘peels-off’ the orange skin in  
order of increasing intensity layers.  These layers are then examined independ-
ently, allowing us to scrutinize the skin more accurately for any blemishes  
present locally at the layer’s intensity variation range.  The efficacy of the algo-
rithm is demonstrated using 170 images captured with a commercial fruit sort-
ing machine as the benchmarking test set. Our results show that the system  
correctly classified 96% of good oranges and 97% of blemished oranges. The 
proposed system does not require any training. 
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1   Introduction 

Orange is an important horticultural produce around the world amounting to millions 
of tons per annum and is projected to grow by as much as 64 million by 2010 [1].   
Their value however is greatly affected by fruit diseases and damages due to transport 
and handling.  Traditional inspection of fruits by human experts is considered to be 
very time-consuming and subjective [2, 3].  On the other hand, there are not many 
robust and accurate grading systems evaluating fruit defects comprehensively.  There-
fore, quick, accurate, consistent and more elaborate automated defect inspection sys-
tems are of paramount importance to the growing market.    

Several machine vision systems were suggested for sorting oranges [4-10]. How-
ever, most of the existing algorithms are not able to explicitly mark the pixels corre-
sponding to the blemishes, but could only provide a final answer (i.e. good or bad 
orange).  Moreover, most of these systems are not easily customizable to meet the 
evolving requirements set by the market because they rely on extensive training with 
thousands of examples [11]. There are some commercially available fruit sorting 
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machines that can be modified quickly to meet changing requirements [12] but those 
generally requires a supervisor monitoring the machine. 

Upon examining the aforementioned algorithms, a novel system for grading or-
anges into different quality bands, according to their surface characteristics, is devised 
and presented in this paper. Both ripe and unripe oranges comprise the benchmarking 
dataset.  It was observed that unripe oranges are more difficult to analyze for defect 
detection due to the colour transition areas.  In addition, global variation between 
pixels from the same orange is deemed not to be sufficient to classify defects cor-
rectly. Most of the existing algorithms disregard this significant issue.  However, the 
novel algorithm takes full advantage of the global intensity variation for blemish 
detection purposes. We provide evidence of the merits of using this global intensity 
variation in our experiments. 

2   The Algorithms 

There is a limit to most existing orange blemish detection algorithms.  Any two pixels 
in an orange image having about the same colour will almost always be classified as 
belonging to the same category (either a blemish or not).  This however presents a big 
problem, as depicted in Figure 1, it is possible to have several pixels depicting more 
or less the same colour channel values, but they should belong to different categories.  
In the figure, pixel A reflects R=134, G=86, B=24 and should be classified as a nor-
mal skin.  On the other hand, Pixel B is described to have colour channel values very 
close to Pixel A, but should be classified as belonging to a blemish. Note that this 
problem stems from the illumination of the fruit and does not change when using a 
different colour space such as HSI. One potential solution is to use an edge detector to 
find the discontinuities in colour and detect blemishes based on the difference be-
tween neighboring pixels. This approach however tend to detect ‘false blemishes’ on 
unripe (green) oranges where a sharp discontinuity may occur between green and 
orange spots on the fruit.  In light of this problem, this research utilizes a priori 
knowledge of the local intensity variation observed on rounded convex objects to 
classify the aforementioned pixels correctly.  

For any rounded convex object, the intensity gradually increases from the edges to 
the center in a two-dimensional image as showed in Fig. 1.  The proposed algorithm  
 

 

 

Fig. 1. Blemish detection based on a specified local image variation range.  Original image of 
an orange (left) and partitioning (right) defects are visible as ‘holes’ in the top partition. With 
pixel values of blemished and good regions and RGB values variations along a line crossing the 
fruit (far right).  
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partitions the given image into eight orange colour classes. This in turn would gener-
ate different layers/classes using average intensities for a given image (illustrated  
in Fig. 1). These layers are then refined further to eliminate extraneous layers.  
Finally, the blemishes are detected by employing a convex hull approach on the top-
most layer. Any discontinuities between successive layers/classes will be detected  
as blemishes. 

2.1   System Architecture 

A block schematic of a typical fruit grading system is shown in Fig. 2. This paper 
expands the blemish detection part of the system. Stem detection, blemish quantifica-
tion and grading are left for other research. 

 

Fig. 2. Block schematic of the novel orange grading algorithm 

The novel blemish detection algorithm simulates how humans make observations 
of the local intensity variations phenomenon.  Humans do not judge the colours of  
the orange skin by using absolute pixel values per se (i.e. RGB) but instead consider 
the neighboring orange surface characteristic.  The stem and navel of the orange will 
be detected as blemishes and a second pass looking at the identified blemishes will be 
needed to exclude these parts from the total defect score for the fruit.         

Quantifying blemishes is a necessary precursor to grading the oranges.  Here, the 
percentage of blemishes over the whole orange is computed as the main grading fea-
ture.  In addition, the different quality bands can be adjusted easily according to the 
requirement set by the market. 

2.2   Blemish Detection 

The heart of the algorithm deals with partitioning with a set of thresholds. On a clean 
orange without blemishes, these thresholds will generate a set of ‘concentric rings’, 
with each ring being of a darker colour as we move away from the centre of the or-
ange.  Blemishes, however, will be seen as pixels belonging to a dark ring inside a 
brighter ring as shown in the right side image of Fig. 1. Section 2.2.1 explains an 
algorithm for generating these thresholds, while Section 2.2.2 explains how the 
‘rings’ are used for blemish detection. 
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2.2.1   Orange Partitioning 

2.2.1.1   Orange Colour Classes. Otsu’s thresholding method [13] is used here 
independently for each of the colour channels to automatically find a threshold that 
will isolate the orange fruit from the background.  Otsu’s thresholding method 
assumes that the image to be thresholded contains two classes of pixels (i.e. 
foreground=1 and background=0). Using the three thresholds, each pixel can be 
classified into one of 8 colour classes using the following formula. 

             
(1)

 

Each of these orange colour classes produces different results in colour and bright-
ness.  For instance, the combination of red and green colour is greater than the combi-
nation of blue and green colour.  For other fruits, the order of the orange colour 
classes has to be changed accordingly to match the incremental sequence.  Due to the 
observed nature of the orange skin colours, the different orange colour class described 
above is ordered incrementally according to their average magnitudes. 

After classifying all the pixels comprising the entire orange image according to the 
8 orange colour classes, the next objective is to merge the classes according to a simi-
larity measure based on the following:  orange class mean per channel, standard de-
viation per channel, squared mean difference (SMD) between colour classes per 
channel and quadratic mean of the combined SMD for all RGB channels, quadratic 
mean of the combined standard deviation for all RGB channels.  The merging of the 
colour classes will eventually lead to the extraction of the topmost layer that will 
serve as the main focus of inspection. 

2.2.1.2   Class Statistics. The mean and standard deviation (SD) of each channel 
inside each class are  
calculated. 

                                                    
(2) 

                                                
(3)

 

Where P is the pixel value from one colour channel and n is the number of pixels.  
Squared mean difference SMD is defined as follows:  

                                           (4) 

where A and B represents any one of the 8 orange colour classes, and A ≠ B. 
SMD is a measure of the squared difference between two class means.  A small-

valued SMD indicates that the two classes are similar to each other.  
The class statistics are all tripled for all 3 channels. These are all converted into a 

single number by taking the quadratic mean (QM) of the value among all 3 channels. 
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(5)

 

2.2.1.3   Closest Neighbor Class. Finding the closest neighbor class requires 
computing for the minimum between the QM-SMD values of one class against the 
rest of the other classes, and its own QM-SD. If QM-SD < QM-SMD, then the class is 
its own closest neighbor. 

2.2.1.4   Class Merging. After determining the closest neighbor for each class, the 
classes are merged together with their closest neighbor and their corresponding class 
mean are recalculated.  There is a possibility however that some classes will not be 
merged with other classes, and some classes might also disappear when their class 
mean is zero. At the end of this stage we will have up to 8 classes.  For each class an 
upper threshold is calculated as the average between this class mean and the next 
class mean. 

                                             
(6)

 
And each pixel is then reclassified using the set of new thresholds. 

2.2.2   Blemish Pixels Identification 

2.2.2.1   Top Layer Slicing. The top layer slicing phase of the algorithm is important 
as this defines the region of inspection.  After class merging and pixel reclassification, 
the newly-derived orange colour classes organize itself automatically in an 
incrementing intensity fashion.  An example of which is shown in Fig. 3 - a grey scale 
image generated after pixel reclassification is depicted in the figure.    

Only the topmost layer is analyzed and the reasons are explained as follow: 

1. The lighting condition is better on the top layer of the orange.  
2. Noise is filtered out, such as background pixels.      
3. The orange is rotated on the conveying system, so unprocessed parts can be 

analyzed in the next image as there are 25 images taken for each orange 
fruit.   

4. Unnecessary computations are reduced for unstable data.  

 

Fig. 3. Topmost layer 

2.2.2.2   Blemish Segmentation. The blemishes are identified by employing a convex 
hull approach [14] on the topmost layer.  The convex hull of the top layer is calcu-
lated and then the original layer is subtracted from the convex hull. The resulting 
pixels are identified as blemishes as seen in Fig. 4. To avoid false positives around the 
edge of the top layer, a filtering step is added before convex hull calculation. 



680 M. Liu et al. 

 

Fig. 4. Blemish segmentation on the topmost layer 

3   Results 

Fig. 5 shows some sample blemishes detected using this algorithm for ripe and unripe 
oranges.  A simple grading scheme was implemented grading each image by the per-
centage of pixels that are classified as blemished. If at least 1% of the pixels were 
blemished, then the image is considered to reflect a blemished fruit.  Using this classi-
fication requirement, 100 images of good oranges and 70 blemished ones were tested 
and the results are in table 2 which indicates high classification accuracy. 

Table 1. Summary of classification results using the novel algorithm 

Fruit Image Types No. of Images No. of Correctly  
Classified Images 

No. of Wrongly 
Classified Images 

% of Correct 
Classification 

Good Orange 100 96 4 96% 
Blemished Orange 70 68 2 97% 
     

 

 

 
 

Fig. 5. Blemish identification for ripe and unripe oranges. The first row contains five ripe and 
two unripe blemished oranges. The second row contains manually extracted blemishes by 
vision experts. The third row contains processed images generated by the novel algorithm. The 
fourth row contains the segmented blemishes.    
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4   Conclusion and Future Work  

An automated intelligent blemish detection system for ripe and unripe oranges is 
proposed in this research.  The main impetus that led to the development of the novel 
algorithm is the observation that global variations between pixels depicting the same 
orange fruit are not sufficient for classifying defects.  Most existing fruit grading 
algorithms are not addressing this significant issue and one solution to the problem is 
presented here.  Usual approaches are also plagued with rigorous and lengthy training 
requirements.  On the contrary, the proposed algorithm does not rely on any computa-
tionally expensive training.  Lastly, some existing algorithms are able to grade fruits 
into different quality bands (i.e. histogram-based analysis, etc.).  However, such algo-
rithms cannot locate explicitly where the blemishes are on the fruit.  On the other 
hand, the algorithm presented here is able to locate the blemish and measure its area 
with high level of accuracy. This enables a second stage classifier (not discussed in 
this paper) to process the potential blemishes and classify them in order to eliminate 
normal feature (stem and calyx ends) and to assign each blemish with a severity index 
for further grading of the fruit.    In the current implementation all defect types con-
tribute roughly equally to the final grading decision. However it would be fairly easy 
to add a severity index to types of defects.  The grade is computed as a measure of the 
size of these surface defects over the whole orange.     

For future works, we envisage that the novel algorithm may be suitable for grading 
some other fruits that have the rounded convex surface property.  However, the or-
ange colour class proposed here will have to be modified slightly to be adapted for 
grading other fruits.  Moreover, an extension of the proposed research would be to 
improve the grade calculation by incorporating some measure of severity for the 
blemishes, based on their relative intensities.  In effect, it is generally true that the 
darker the blemishes are, the more severe the damage is.     

References 

1. Thomas, H.: Projections of world production and consumption of citrus to 2010 (2009), 
http://www.fao.org/DOCREP/003/X6732E/x6732e02.htm#2  
(Retrieved June 1, 2009) 

2. Brosnan, T., Sun, D.: Improving quality inspection of food products by computer vision – 
a review. Journal of Food Engineering 61(1), 3–16 (2004) 

3. Chen, Y., Chao, K., Kim, M.: Machine Vision technology for agricultural applications. 
Computers and electronics in Agriculture 36(2-3), 173–191 (2002) 

4. Recce, M., Taylor, J., Piebe, A., Tropiano, G.: High speed vision-based quality grading of 
oranges. In: Proceedings of the 1996 International Workshop on Neural Networks for 
Identification, Control, Robotics, and Signal/Image Processing, pp. 136–144 (1996) 

5. Unay, D.: Multispectral image processing and pattern recognition techniques for quality 
inspection of apple fruits. PhD’s Thesis, Faculté Polytechnique de Mons, Belgium (2005) 

6. Du, C., Sun, D.: Recent developments in the applications of image processing techniques 
for food quality evaluation. Trends in Food Science Technology 15(5), 230–249 (2004) 

7. Vijayarekha, K., Govindaraj, R.: Citrus fruit external defect classification using wavelet 
packet transform textures and ANN. In: IEEE International Conference on Industrial 
Technology, pp. 2872–2877 (2006) 



682 M. Liu et al. 

8. Guo, F., Cao, Q.: Study on colour image processing based intelligent fruit sorting system. 
In: Fifth World Congress on Intelligent Control and Automation, vol. 6, pp. 4802–4805 
(2004) 

9. Bharati, M., Liu, J., John, F.: Image texture analysis: methods and comparisons. Chemom-
etrics and Intelligent Laboratory Systems 72(1), 57–71 (2004) 

10. Chang, W., Chen, S., Lin, S., Huang, P., Chen, Y.: Vision based fruit sorting system using 
measures of fuzziness and degree of matching. IEEE International Conference on Systems, 
Man, and Cybernetics 3, 2600–2604 (1994) 

11. Egmont-Petersen, M., Ridder, D., Handels, H.: Image processing with neural networks. 
Pattern Recognition 35(10), 2279–2301 (2002) 

12. Compac Sorting Equipment LTD, http://www.compacsort.com 
13. Zhang, J., Hu, J.: Image segmentation based on 2D Otsu method with histogram analysis. 

In: 2008 International Conference on Computer Science and Software Engineering, vol. 6, 
pp. 105–108 (2008) 

14. Preparata, F.P., Hong, S.J.: Convex hull of finite sets points in two and three dimensions. 
Communications of the ACM 20(2), 87–93 (Retrieved from Potral) (1977) 


	Navel Orange Blemish Identification for Quality Grading System
	Introduction
	The Algorithms
	System Architecture
	Blemish Detection

	Results
	Conclusion and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




