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Estimating crop vyield accurately remains important in dealing a farming enterprise
successfully, enabling decisions concerning crop management, estimated delivery intervals
and measures to consumers and creates a rating, to code but a little. Until ages, yield

estimation is based on projections from labor-intensive counting and proportions of selected
plants which are difficult in forecasting and management. In this paper, a method has been
urbanized for precise estimation of a tomato plant by using color thresholding in MATLAB
by means of RGB color model. The modules involved for the detection of red color in a
captured image are the conversion of RGB image into gray scale image. A two-dimension
black and white image is obtained by subtracting the two images and then a median filter is
used to filter the noisy pixels. The binary digital images are labelled to identify connected
components using bounding boxes and the metrics of the labelled regions are calculated for
the counting number of tomatoes in a plant. Added, by analyzing RGB values for individual
pixels in the captured image, the color of the individual pixels is renowned. The proposed
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prototype exhibited high aptitude in estimation of yield for each tomato crop.
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I. INTRODUCTION

Estimation of crop yield is an essential assignment
in the agricultural industry. Agriculture is the prime
source of revenue for more than 45% of the
population of Tamil Nadu, India. Tamil Nadu has
engaged an area of around 63 Lakh Ha for plantation
out of 1.3 lakh sg.km its total area of the state. The
State Department of Agriculture emphasis on
stabilizing food scraps production accordingly to
make sure food and nourishment security. Accurate
prediction of crop yield provides growers to increase
the quality and to ease the operating cost by creating
better choices on intensity of yield and proportions
of the vyield labor power. The Crop Cutting
Experiment is supported in the states for crop yield
estimation of various crops under a scheme adopting
technical methodology.
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Cropland productivity, categorized through crop
harvests, remains determined by means of soil,
climatic circumstances, crop types accompanied by
their related phenological phases[1]. Defined yield
estimation is accomplished on the basis of historical
statistics and workers physically counting the yield
of a crop in multiple sampling sites[2]. An
extensively implemented solution for crop vyield
estimation is to practice computer vision for
detection and calculating of yields[3].To detect the
fruit areas from the image, a Fast Normalized Cross
Correlation (FNCC) was used based on machine
vision process considering the parameters, counting
colour, contour and texture. A template matching
technique removed false positives and Circular
Hough Transform aided the detection of circles from
the images [4].
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Eigenfruit tactic with a shifting sub-window
expending intensity and saturation components
along with circular Gabor texture conceded on for
green citrus recognition [5]. Automatic recognition
of apple fruits with machine vision arrangement
using Charge Coupled Device camera and was
designed for robotic harvesting. The fruit image was
enriched with red colour as the fruit obligated
highest red colour in the spitting image. The optimal
threshold was determined by the intensity histogram
of colour difference between red coloured apple and
the background [6]. In the same way, for an apple
detection procedure, the RGB model was developed
with a difference of G-R and R-B [7].

Color detection forms the ultimate stage for a
machine vision algorithm. An image is a
representation of matrix with pixel denominations
and various color models like RGB, gray-scale and
HSV. The 3-dimensional RGB image is converted to
a gray scale image and is subtracted to obtain a 2-
dimensional image in black and white. The binary
digitized regions are calculated by labelling with
bounding boxes [8]. Edge detection can be used for
pattern recognition and image retrieval by forming
boundary among the object and background [9].
Image segmentation encompasses the credentials of
regions of concern of an object from a digital image.
HSV converted image along with tonality
segmentation algorithm and pixel segmentation in
homogeneous regions performed for object tracking
[9]. Using RGB and HSV models, an unsupervised
image segmentation method which advances split,
region growing and merge methods, outperformed
with shorter processing time [10]. To regulate the
optimum number of masses, Bayesian Information
Criterion (BIC) was controlled along with
maximization, k-means and Self-organizing map
(SOM) algorithms to differentiate the berry and the
background pixels [11].

In this paper, a proposal is formulated for yield
estimation of tomato berries with image
segmentation techniques. The tomato berry has a
change in color from green to amber and then red
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with an ellipsoidal or an oval shape during the time
of harvest. The performance of segmentation
methods is analyzed in order to calibrate the
estimation of tomato yield.

II. MATERIALS PROVISION AND METHODS
2.1  Framework of the proposed Algorithm

The crop yield estimation implemented by analyzing
images with high resolution real time RGB model.
For the tomato vyield estimation, the best
segmentation technique analyzed was optimum
thresholding operated in H layer. The real time
pictures of a tomato plant without overlapping
amongst sequential images were captured. The
captured images needed resizing for the ease of
computational access. Resizing of images was
executed through bicubic method to achieve best
results. The bicubic method minimizes spikiness of
the image thereby changing the pixels of the image.
The resized image is prone to different noise which
suppresses the true strengths of the real time
scenario. To remove the outlier noise without
destroying the sharpness in the image, median
filtering was implemented. The RGB components
from the image are now extracted to form 3 varied
2-D matrices. Then convert the RGB pixels to gray-
level image by emerging a weighted sum of R, G,
and B components. The grayscale image is now
converted to a binary image, where the input image
through luminance larger than level is assigned
value 0 and the background pixels with value 1.

The binary image obtained is now exercised for
counting the number of berries using blob counting
method. While binarisation, the fruit cluster may be
grouped under same region leading to an error in
counting number of fruits. The proposed analysis
computed individual berries fast. The regions with
cluster of berries are counted by extracting the fruit
with Laplacian-Gaussian algorithm of segmentation.
The image processing techniques are directed for an
image proceeding with counting of number of
tomatoes. The estimation results are saved in a
database and are presented in a display interfaced.
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Figure 1: Framework of Image Processing
Algorithm

2.2 Acquisition of Images

The images were gathered from tomato field
arranged in rows with an ideal spacing of 75 cm X
45 cm under an average recurrent temperature range
of about 16°C - 25°C. The tomato plant was
maintained with bright sunlight during the fruit set
period so as to develop dark red berries. The
characteristic properties of ripe berries are generally
medium sized, round shaped and reddish in color. A
classic digital camera with high-level resolution of
24.2 MP was used to acquire images in a natural
daylight during the harvesting phase. The images
captured were saved in JPG format with a high-level
resolution of 4762 X 3168 pixels within the RGB
color model. For ease of computational accessibility,
the captured images were resized to 1000 X 800
pixels. The tomato plant images were captured in a
sequence so that the samples do not overlap the
consecutive images. Various image segmentation
techniques were investigated for image processing
and counting the number of yield.

2.3  Enhancement of Images

The most difficult and essential tasks in processing
of images is segmentation where the desired objects
get extracted from the image. Segmentation
techniques continue to be availed for the abstraction
of contours, regions and boundary of an image [18]
& [19]. Binary or gray-level thresholding remains
the modest technique in image segmentation.
Thresholding for same shades of color fails to
distinguish leaf and citrus fruits with its background
as the features were unimodal [12]. In this paper,
segmentation processeased in recognizing the
tomato berry from the tomato plant as well as its
background. The algorithm progressed with
MATLAB R2014a software. The required time for
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processing the image was determined by the size of
the image. As the captured image was with larger
size, the processing was time-consuming and so the
images were resized afore the segmentation process.
The resized RGB image is amended to gray image
and prerequisites filtration of noise.

To spotlight certain attributes and to neutralize the
noise, filtering techniques are used. The wiener
filter counteract with the Gaussian white noise of the
gray scale image. The filter diminishes the mean
square inaccuracies generated among the desired
process and the random process estimated.
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Figure 2: Flowchart of tomato yield estimation
algorithm

2.4 Feature Extraction

The ripen tomatoes in the real time image can be
extricated from the background pixels through
meticulous properties. For segmentation as well as
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classification of the image, the features are assessed
for every pixel. The extraction of relevant pixels will
help to determine the image features for parting the
foreground and background layers based on color
thresholding. For a multispectral image, each pixel
is designated with R, G, B magnitude within a
selected range each. The RGB color model is an
additive color space of three primary chromaticities
in a 3D cubical Cartesian coordinate system.

2.5  Background Elimination

The berry and background pixels in RGB color
space distributions are investigated for pixels within
the range of the berry thereby discarding all the
other pixels as background. To determine the
threshold value t(x,y),

0,f(x,y)<T
1,f(,y) =T

Where f(x,y) = original value of pixel,

t(x,y) :{ 1)

T = threshold value.

As the ripen tomato berries represent the red region,
a threshold for red color is computed and the berries
are cropped from the background pixels. The
background of the image embraces with green
tomatoes, leaves and branches. In the RGB model of
the image, the red ripen tomatoes were extracted by
applying a threshold parameter, thereby removing
the background as given in (1) and (2).

R>G&R>B )

The tomato berries get segmented from the
background with some generated noise. The filtering
techniques are applied to remove noise and erosion
of the obsolete pixels at the boundaries. For the
erosion technique, the output depends on the
neighborhood of the input pixel as well as on the
indiscriminate size and shape.

2.6 Berry Counting algorithm

The estimation of tomatoes is defined with the pixel
values connected in a miscellaneous pattern. The
berry pattern may station as individual fruit, two or
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three berries in cluster and some may partway
occluded by leaves. The ripen berries are precisely
recognized with the perceptible color difference
among the leaf and berry as well as with their
middling size. The erosion technique assisted the
counting of clustered berries by crumbling out the
undesirable neighboring pixels. The overlapping of
berries made false counting in some instances as the
thresholding of red pixels were challenging and
formulated as under-estimation.

1.  EXPERIMENTAL RESULTS

Figure 3 shows the crop yield estimation results for

three distinctive tomato crops, assessed by
thresholding techniques. Figure 3(a) shows the real
time image of the tomato crop. In Figure 3(b) and
(c) the images are resized, threshold the red berries
for tomato identification. Then binary mask the
berries and erode the neighboring pixels for
overlapping. The blob analysis counts the pixels
identified as berries and the tomatoes are labelled in
Figure 3(d). The proposed method affords a high
potential in estimation measure of the crop yield
during the phase of harvest.
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Figure 3: (a) Digital shots during the period of
harvest (b) Thresholded the tomato berries by image
processing technique (c) Binary and eroded Image
(d) Labelled number of tomatoes by Blob analysis
and (e) Estimated count of tomatoes

IV.  CONCLUSIONS

The estimation algorithm for ripe tomatoes based on
the RGB color features were progressed under
diverse conditions. The images of bright red berries
during the fruit set period were gathered during the
natural daylight with a classic digital camera of high
resolution 4762 X 3168. The images were captured
in a sequence to preclude overlapping of consecutive
images. The number of berries reviewed with the
estimation algorithm closely correlated with the
manual count of the crop yield. The algorithm will
be appropriate for counting of fruits like peach, red
apples and pears, cherries, red peppers and assorted
red berries. The yield estimation by the proposed
algorithm affords constructive report during
planning of harvest and for insurance policies
precision management.
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