
World Applied Sciences Journal 35 (New Advancement of Research & Development in Computer Science): 26-31, 2017
ISSN 1818-4952
© IDOSI Publications, 2017
DOI: 10.5829/idosi/wasj.2017.26.31

Corresponding Author: Mohd Fadzil Abdul Kadir, Faculty of Informatics and Computing, 
Universiti Sultan Zainal Abidin, Besut Campus, 22200, Terengganu, Malaysia.

26

Automatic Mango Detection From Complex Background Image Using
Texture Analysis for Agricultural Robotic Eye Application

Nurul Ain Najihah Yusri, Mohd Fadzil Abdul Kadir, Mohd Rizon Mohamed Juhari,1 1 2

Abd Rasid Mamat, Norkairani Abdul Rawi and Mohamad Afendee Mohamed1 1 1

Faculty of Informatics and Computing, Universiti Sultan Zainal Abidin, Malaysia1

Akademi Seni Budaya dan Warisan Kebangsaan, Malaysia2

Abstract: A research on-detecting on-tree mango fruits is presented in this paper. The digital image is used as
an input for this research. The method chose is texture analysis and Randomized Hough Transform (RHT). The
output for this system is the centre of ellipse which is later defined as location of the mango fruit. This paper
tackled the issue of separating overlapping mango fruit and mango fruit that is occluded by leaves. The centre
of the ellipse is generated as the output and this information will be used as the grasping point for the fruit
picking robot during the picking process. By using this methods and flow, the system successfully detect the
fruit including the overlapping one.
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INTRODUCTION to detect the presence of on-tree apples regardless the

Food industry has been growth rapidly due to high as the main idea in order to successfully detect the apples.
demand from the consumer. This results in increase The infrared image was used to detect the apples in the
production of processed food as well as natural food. To tree canopy even when the fruit is covered by the leaves
accommodate the high demand from the consumer, and stem. This can be used as the apples accumulate more
various new computer technologies used such as image heat compared to the leaves and it radiates slower than
processing. A lot of researches has been done showed the leaves. The detection of the apples through the
that image processing has been used widely in infrared techniques gives the general idea of the location
agricultural field of developed and advanced country [1]. of the fruits and its physical structure in the captured
This certainly can increase the production and reduce image. Then, the colour image was used to obtain the
cost for the farmer. For example, image processing information about the proof of the circular shape. The
technology is used to pick strawberries from the Haar feature was used to detect the presence of circular
strawberry farm. By using the suitable technology, the shape in the image.
modern farmer does not need to hire a large number of Javed Hossain and M. Ashraful Amin reported a
workers to harvest fruits during the harvest season. research  that  present a simple and efficient method for

A hyperspectral camera used to capture the recognition of the plant species from its leaves [4].
hyperspectral imaging of green citrus fruits [2]. The First,  the  system  acquired  the  leave image from
images taken from hyperspectral camera provide the scanner, then the image undergo pre-processing image.
information of the waveband of each pixel. Then, the The  pre-processing  images consist of removing the
system detects the fruits from the complexity background noise in the binary image, enhancing the image, detection
image based on the threshold value. This research applied of the angle of the inclination. Based on the angle of
to increase the production of the green citrus fruits. inclination value, the image was aligned horizontally.

A research has been made by J.P. Wachs et al. [3] to After  pre-processing of the leave image is done, the leave
detect the location of the apples within the tree canopy features was extracted from the image. Eccentricity, major
from multimodal image. This research presented a method and minor axis, area, perimeter and equivalent diameter are

colour of the apples. They use infrared and colour images
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some of the information that can be obtained after represents mango fruit or not. For each of the region that
undergo this process. At later stage, the plant is identified represents mango fruit, the coordinate of the centre of the
by applying probabilistic neural network (PNN). As the region were generated. This coordinate represent the
results, the system will show the original shape of the grasping point that can be used for the picking purpose.
leaves even the image of the scanned leaves was not The main objective of this research is to isolate mango
perfect. fruit from the background image and separating the

Texture properties and colour data is implemented in partially overlapping fruit and identifying fruit that is
the research made by Jun Zhao, J.Tow, Jayantha partially occluded by the leaves.
Katupitiya which to detect the on-tree red and green The remainder of this paper will represent the
apples [5]. The input for this system is the stereo image. proposed method to detect the mango fruit (Section 3),
Stereo image imitate the way human eyes see object the result obtained (Section 4) and discussion on the
(looking at the texture first and then, the colour of the output image and information obtained from the
object). The texture properties were chosen to isolate and processed image (Section 5).
detect the location of on-tree apples. Colour data was
then implemented together with the circle fitting to Proposed Method: Figure 1 below shows the overall
determine whether the isolated objects represent apples process that will be applied to the input image to generate
or not. These two methods are applicable to both red and the coordinate of the mango fruit.
green apples.

The research of detecting ‘Harum-Manis’ mango fruit Applying  Texture  Analysis:  From the input image
have been done using Randomized Hough Transform (Figure 2), the image will directly undergo the texture
(RHT) and Back Propagation Neural Network (BPNN) [6]. analysis. This method is chosen to determine the
In  the  earlier  stage  of  the  research,  the  system  will boundary of the mango fruit from its background as well
pre-process the input image by converting it to grey as the boundary between the overlapping fruit. The
image, finding edges and convert to binary image. The texture of the mango itself is different compared to the
elliptical shape of the mango fruit was then detected by background. The texture of the background often appear
using the RHT method. The system was then trained by rougher compared to the mango fruit. The mango fruits
using the BPNN to enhance the detection of the fruit. have smoother surface. Texture analysis focuses not only
Hybrid methods that combined texture analysis and RTH smoothness of the surface, it also focus on the bumpy
proposed to improve mango detection that overlapping surface of an object.
with leaves or mango fruits [7]. The range value (Maximum Value – Minimum Value)

This paper represents the research about the of 3-by-3 neighbourhood pixels is calculated during the
automatic detection of on-tree mango fruit. There are a application of the texture analysis. This calculation is
few challenges that need to be tackled to successfully represented in the formula below:
detect the object (mango fruit). First, the colour of the
object and the background (leaves) is quite similar to each (1)
other. Both are green in colour but in difference intensity.
The intensity of the colour is different depends on the where;
amount of light in the image. The background of the image
consists of leaves, tree stem and bark and grass. In a  [i – 1, i + 1] and (2)
addition, the leaves that partially covering the fruit will b  [j – 1, j + 1]
prevent and lessen the chances for the object to detected
by the system. The partially overlapping position of the The output of this process is the value of the pixels
fruit also may prevent the detection of the fruit. of interest.

The system will take digital image from digital camera
as the input image to the system. From the digital image, Image Pre-Processing The output from the step 1 is the
texture analysis was applied to the image to draw the boundary between different types of surface (Figure 3).
boundary of each object in the image. Then, the image The boundary is not drawn in the fine line forms. It is in
was pre-processed to produce binary image. From the the blurry-sketch lines. Therefore, pre-processing of the
binary image, the image will undergo morphological image is applied to the image. Gaussian Blurring Filter is
operation to delete noises. From the binary image, the selected to sharpen the image. The formula for Gaussian
regions remain were analysed whether each region Blurring Filter shown as follows:



2 2

22
2

1( , )
2

x y

G x y e
+

−=

World Appl. Sci. J., 35 (New Advancement of Research & Development in Computer Science): 26-31, 2017

28

Fig. 1: Steps to detect mango fruit

Fig. 2: Original image Fig. 5: Binary image

Fig. 3: Boundary image In this formula, there are two parameters that need to

Fig. 4: Filtering image from  the  image,  the  image  is  first  converted   to  binary

(2)

where:
x = distance from the origin in the horizontal axis
y = distance from the origin in the vertical axis
ó = standard deviation of the Gaussian distribution 

be defined which are threshold value and sharpening
strength. The threshold is defined as the minimum
contrast requires for a pixel to be considered as an edge
pixel while the sharpening strength is the intensity of the
sharpened line. During this process, we use the default
value for the sharpening strength which is 0.8.

During the sharpening process, it results in a more
visible noise in the image (Figure 4). To remove the noise
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image (two-dimensional). After that, the erosion is applied will randomly select any pixel from the edge and the best
to the image to remove the noises. As a result, an image ellipse fits is calculated. The formula below shows the
which contains more clearly image of the mango fruit is ellipse equation:
produced.

The image is once again undergo dilation and erosion Ellipse equation:
process. The equation of the binary dilation is as below:

(3)

where: pixel are as follows:
B = set of pixel location z

The dilation used is the strel dilation. It goes by the q = y coordinate of ellipse centre
formula (strel(nhood, height)). In this research, the value a = semi-major axis length
of the nhood is 20 and the value of height is 900. b = semi-minor axis length

Detection of Binary Region: After done with the image Based on the parameters obtained, best ellipse for
pre-processing, the produced image show the potential each region is drawn (Figure 6(a)). There are also a few
region of the mango fruit. The image is then scanned to additional parameters that is needed such as sub-axis
detect and remove the small patches that has area less (radius) of the X axis of the non-tilt ellipse, sub axis
than 90 pixels. (radius) of the Y axis of the non-tilt ellipse, orientation in

Then, we will find the connected component in the radians of the ellipse (tilt), centre at the X axis of the tilted
binary image. For a two dimensional image, we will use 4 ellipse and centre at the Y axis of the tilted ellipse.
neighbouring pixels value. During this process, the The area of the ellipse plotted on each region is
system will calculate the number of object detected in the calculated. The area of the ellipse plotted will be compared
image. After that, it will produce images contains one to the area of the region detected. If the area of ellipse
component per image (Figure 5). Next, the ellipse plotted covered 85% of the area of the region detected,
detection is applied on each image to find the best ellipse the region will be considered as mango fruit [6]. 
fit for each of the component. For the calculation of area of the ellipse, we use the

mathematical formula below:
Ellipse Fitting: Since the shape of the mango quite similar
to the ellipse shape, we will use the ellipse fitting A = ab
technique to verify whether the detected image represent
mango fruit or not. where:

The basic Hough transform can be used to detect A = area of the ellipse
lines and curves in an image. There is a lot of examples of a = major axis of the ellipse
implementation of basic Hough transform in circle b = minor axis of the ellipse
detection and curve detection. However, running basic
Hough transform can take a long of time to complete. This RESULTS
is because, the basic Hough transform will scan each of
the pixel in the image to look for edges (curves and lines). Generally, the mango fruits have smoother surface
According to S. Inverso [8], “the basic Hough transform compared to its background (leaves, tree stem and grass).
suffers from many difficulties stemming from binning the In the early stage, the texture analysis method helps to
curves”. There is also possibility to an unsuccessful separate and define boundary between overlapping
detection of the curves – low accuracy. mango fruits as well as differentiate the texture of the

Therefore, Randomized Hough Transform (RHT) is mango fruit and its background.
chosen to detect the ellipse. Generally, this method works Since the boundary lines defined in the texture
much  faster  compared  to  the basic Hough transform. analysis  step  was quite subtle, the image will undergo
The edge of the region is first detected using canny edge pre-processing. This pre-processing step involved
detection method. From the edge generated, the system sharpening  process of the boundary of the mango so that

A(x – p)  + 2B(x – p)(y – q) + C(y – q)  = 1 (4)2 2

The variable will be defined from the four 1-value

p = x coordinate of ellipse centre
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Fig. 6: Binary regions detected after applying RHT method background, it also individualizes the partially overlapped

Table 1: Grasping point of the mango fruit
Object Coordinate of the centre (x, y)
Object 1 (132.88, 181.65)
Object 2 (192.67, 310.66)
Object 3 (228.76, 237.13)
Object 4 (253.47, 112.69)
Object 5 (277.09, 329.63)
Object 6 (308.59, 187.49)
Object 7 (387.97, 139.80)

solid lines were produced as the boundary. During the
sharpening step, there is a lot of pixels that being
enhanced  together.  This  process  accentuated  the
noises  in  the  image  even  more.   The   noisy  pixels
were  removed  using  morphological  operation  in the
pre-processing step.

After the pre-processing, the image now contains
binary region that might represents mango fruits. The
binary region was detected during the binary detection
region step. During this step, the system will detect the
binary region and generate multiple images of the binary

region (Figure 6(a), 6(b), 6(c), 6(d), 6(e), 6(f), 6(g)). Each
image contains one binary region. These regions then
were verified whether represents mango fruit or not.

The final step was the ellipse fitting. During this step,
the multiple images were evaluated individually. The RHT
was used to find the best ellipse fits for each of the binary
region. Then, it also give the information about the
coordinate of centre of the ellipse. This can be used as the
centre of the grasping point for the use of robot fruit
picking system. From Figure 5, the image is then
generated into multiple single images which each image
consists of one binary region. Figure 6(a) to 6(g) below
show the output for each step. 

As we can see in the image, RHT has been applied to
the binary image. The blue lines of ellipse indicate the
best ellipse fits for each of the binary image. There is also
a ‘+’ sign to show the location of the centre of the mango
fruits.

Table below shows the information generated after
the ellipse fitting step. The coordinate of the centre will be
used as the grasping point for the picking process.

DISCUSSION

After the texture analysis was applied to the input
image, we can see that this method basically drawn the
guidelines for the mango fruit boundary. This method not
only isolates the mango fruit from its complex

mango fruit.
Looking back at the previous study made by Kutiba

Nanaa et. al [6], the research only focus on separating the
mango fruit from the complex background image. The
researchers used the canny edge detection method to
define the edge of the mango fruit. However, this method
cannot identify the separating lines between two
overlapping mango fruit. From the results obtained, the
image of the overlapping mango fruit was detected as one
large object. Clearly, by applying texture analysis to the
input image, it can tackle the issue from previous study.

After the image undergo pre-processing image which
involves the some morphological operation as explained
in Section 3, the image was converted into binary. From
the image in Figure 5, the image was than generated into
multiple image that represent one binary region in one
image. This was much easier for the ellipse detection
process in the later stage.

During the ellipse fitting process, the RHT method
randomly selected the edge of the binary image in each
pixel. For the leaves, the image of the leaves will also
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undergo the ellipse fitting phase. However, due to the 2. Okamoto, H. and W.S. Lee, 2009. Green Citrus
incomplete ellipse shape, the leaves region will be Detection Using Hyperspectral Imaging. Computer
detected as hyperbolic (Figure 7). After all this steps were and Electronic in Agriculture, 66: 201-208.
implemented  to  the input image, this method still cannot 3. Wachs, J., H.I. Stern, T. Burks and V. Alchanatis,
detect the mango fruit that fully overlap. 2009.  Apple  Detection  in Natural Tree Canopies

from  Multimodal  Images.  In   the   Proceeding  of
CONCLUSION The  Joint  International Agricultural Conference

In the nutshell, texture analysis method is the best pp: 293-302.
way so far to isolate the on-tree mango fruit from its 4. Javed, A.H. and M. Ashraful, 2010. Leaf Shape
background image and to define the boundary between Identification Based Plant Biometrics. In the
two overlapping fruit as the mango fruit has smoother Proceeding of The 13  International Conference on
texture compared to the other unnecessary object in the Computer and Information Technology, pp: 458-463.
image. Then, the system will find the connected 5. Zhao, J., J. Tow and J. Katupitiya, 2005. On-Tree Fruit
component in binary image and generate individual binary Recognition Using Texture Properties and Color
region. This step will make the process of ellipse detection Data. In the Proceeding of The International
becomes easier. The Randomized Hough Transform (RHT) Conference on Intelligent Robots and Systems. IEEE,
working excellently in ellipse detection. RHT is not only pp: 3993-3998. 
fast, it also gives the best ellipse that can be drawn in 6. Nanaa, K., M. Rizon, M.N.A. Rahman, Y. Ibrahim and
each binary region. The mango fruits were overlapped A.Z.A. Aziz, 2014. Detecting Mango Fruit by Using
almost completely detected that cannot be detected by Randomized Hough Transform and Backpropagation
the previous research. Neural Network. In the Proceeding of The 18
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