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Effect of traditional and automated sorting on some tomato's properties
Mina M. Aljuboury, Hussein Abbas Jebur*

Abstract: This study was conducted in a laboratory experiment at the University of Baghdad, College of Science, 
computing Department, 5 km from the center of Baghdad city, in 2021 to evaluate the sorting method for the tomato crop. 
The experiments were conducted in a factorial experiment under a complete randomized design with three replications and 
using SAS analysis, artificial neural network, image processing, the study of external characteristics, and physical features; 
fruit surface area and fruit circumference were 1334.46 cm2,57.53 cm2 and free diseases. The error value was less than 
zero, while training with outputs recorded the highest value and which was 5. The neural network's performance between 
the input and the mean square of the regression, as recorded as the best value to validate the performance, was 58.11 
in the second period. The importance of fruit circumference is attributed to the sorting and grading of fruits, especially in 
packing boxes and marketing.

Key words: Automated grading and sorting, traditional grading and sorting, image processing, computer vision, Artificial 
neural networks.

SHORT ARTICLES / INVESTIGACIÓN

Introduction
The scientific name of tomato is Solanum lycopersi-

cum is considered one of the important crops and is grown 
over long distances in Iraq; its cultivation is concentrated in 
Basra, Najaf and Babylon. Horticultural and fruit crops are 
among the essential crops to achieve food security and sta-
bility to satisfy the growing population. In traditional sorting, 
workers sort the fruits manually according to the required 
fruit size.

One of the disadvantages of this process is the high 
costs due to fruit spoilage and high fruit costs. The different 
sorting of the same fruit for foreign workers affects sorting 
accuracy, as well as any excess force or error in holding the 
fruit can damage and rot the fruit and cause loss of money 
and product.

In contrast, automatic sorting can be used in different 
ways depending on the vision of the machine that employs 
a camera with sensors and image processing with special 
programs that use computer sorting. Grading based on 
color, shape, size, maturity, mottling, quality and freedom 
from disease, and the accuracy rate is 69-75% and up to 
94-98% depending on the type of fruit1. Computer imaging 
is also characterized by transmitting information, transla-
ting it and making decisions. It is done by taking pictures 
and translating the digital badges on the computer. Artificial 
neural networks are known to be inspired by the functions 
of the human brain, simulating complex operations such as 
pattern generation, perception, learning, and decision-ma-
king. The human brain is made up of billions of neurons that 
communicate and process any information that is presen-
ted. Similarly, the simplified model of the structure of a biolo-
gical neural network consists of interconnected processing 
units organized into a specific topology2. Vegetable and fruit 
crops are essential for food security and stability to meet the 
increasing population. The most important fruit crops are 

the tomato Solanum lycopersicum3; most of its species are 
endemic to the regions of Ecuador, Peru, Bolivia and Chi-
le, as these species grow in different environments, from 
the dry environment to the humid climate, as well as they 
are sometimes grown in greenhouses in cold weather. And 
this varying environmental diversity led to a variety in the 
plant's morphological, physiological and molecular forms4,5. 
Tomato is consumed in various ways, including raw toma-
toes, sauces, salads, and drinks, a fruit rich in lycopene, 
which has beneficial health effects for humans6. Tomatoes 
are widely grown in Iraq in various forms of cultivation, but 
productivity is still low7. According to the scientific research 
method, this study aims to the effect of traditional and Auto-
mated Sorting on Some Tomatoes Properties.

Materials and methods 
The experiment was conducted to check the sorting 

and grading of crops using image processing technology 
within the image processing laboratory. College of Science \ 
Technology Department at the \ University of Baghdad, em-
ploying a locally factory-produced studio cube-shaped with 
dimensions 75 * 75 * 50 shown in figure 1 and a camera with 
a sensor of the coupling device, and also the studio was 
equipped with RGB lighting (red - green - blue), and also the 
pictures were taken within the studio to review the external 
characteristics of the fruits that are diseases free using ima-
ge processing technology and therefore the artificial neural 
network, still as a study of the physical characteristics of 
the fruits, fruit circumference, fruit surface area. Statistical 
analysis by using SAS analysis, the factorial experiment 
under the whole random design system with a probability 
of 0.05. Tomatoes and five replications, three pictures of 
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the identical fruit were taken from the highest, bottom and 
side, and the total number of images taken within the ex-
periment is 64. The RGB (red-green-blue) is placed inside 
the studio because the camera is placed 15 cm removed 
from the fruits to make the image prominent and of high 
resolution. The fruits were manually replaced one by one. 
Simultaneous analysis of the fruits was conducted to review 
the external characteristics of the fruit and disease free. An 
artificial neural network with 20 nodes, a training group of 
70%, verification of 15%, and testing of 15%, so a study 
was conducted for the physical characteristics of the fruits, 
including the fruit circumference and surface.

Results and discussion

Fruit surface area
Table (1) shows the effect of the sorting method on 

some characteristics of the tomato plant (color, shape and 
size) and its interaction with the surface area of the fruit by 
using the SAS analysis program. The results showed the 
highest value for the size characteristic, followed by form 
than color. Recorded results were 1336.65, 1334.67 and 
1332.06 cm2, respectively, with a rate of 1334.46 cm2, due 
to sorting and grading based on surface area associated 
with the plant, color and shape of the size of the fruit. This, 
in turn, depends on the fruit type, shape and color. This is 
consistent with Arjenaki et al. 20131.

Table (1) shows the effect of the sorting method on 
some characteristics of the tomato plant (color, shape and 
size) and its interaction with fruit circumference of the fruit 
using the SAS analysis program. The results showed the 
highest value for the size characteristic, followed by shape, 

color, and recorded results were 57.53 cm2. The importance 
of fruit circumference is attributed to the sorting and grading 
of fruits, especially in packing boxes and marketing8.

Diseases free
The neural network's performance between the input 

and the mean square of the regression, as it recorded the 
best value to validate the performance, was 58.11 in the 
second period. The performance value of the network is 
tremendous. Therefore the test samples did not affect the 
training and thus provided an independent measure of the 
network's performance during and after the movement, as 
shown in figure 2 A7. Proportional values   for training inputs 
and outputs, verifying inputs and outputs, and testing inputs 
and outputs, error and proportionality, as it showed that the 
error value was less than zero. In contrast, training with out-
comes recorded the highest value of 5. The figure notes the 
loss values   with time during training, as the loss values   are 
calculated across a subset of the data. If a value decreases 
with the validation value, then this means that the time is 
appropriate to stop the training because after that, it is not 
appropriate, and this is called early stopping, as shown in 
figure 2 B.

Conclusions
Automated sorting by image analysis and the use of an 

artificial neural network showed high efficiency and accura-
cy compared to traditional sorting to fruit surface area, and 
recorded results were 1336.65, 1334.67 and 1332.06 cm2, 
respectively, with rates of 1334.46 cm2 and fruit circumfe-
rence shape then color, and recorded results were 57.53 
cm2. Therefore, automatic sorting, like free diseases, should 
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Figure 1. Studio for photos, Tomatoes and five replications, three pictures of the identical fruit were taken from the hi-
ghest, bottom and side.
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be resorted to obtain good results. It shows the value of free 
conditions. The performance of the neural network between 
the input and the mean square of the regression, as it recor-
ded the best value to validate the performance and it was 
58.11 in the second period.
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