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Abstract - This paper presents the recent development and
application of image analysis and computer vision system in
quality evaluation of products in the field of agriculture.
Computer vision is a rapid, consistent and objective inspection
technique, which has expanded into many diverse industries.
Its speed and accuracy satisfy ever increasing production and
quality requirements, hence aiding in the development of
totally automated processes. The requirements and recent
developments of hardware and software for machine vision
systems are discussed, with emphases on monochrome
imaging, colour imaging and multispectral imaging for
modern grading and sorting systems. Examples of applications
for detection of disease, defects, and contamination on fruits
and vegetables are also given. In this paper we have analyzed
a grading system for the Sweet cherry, Mangos etc.
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1. INTRODUCTION

Fruit industry contributes a major part in nations growth,
but there has been a decrease in production of good quality
fruits, due to manual inspection, lack of knowledge of quick
quality evaluation techniques. Also, rising labor costs,
shortage of skilled workers, and the need to improve
production processes have all put pressure on producers
and processors for the demand of a rapid, economic,
consistent and nod-destructive inspection method. In such a
scenario, automation can reduce the costs by promoting
production efficiency. Automatic fruit grading and sorting
requires the implementation of computer vision systems.
The application of Computer Vision Systems in agriculture
hasincreased considerably in recent years, since it provides
substantial information about the nature and attributes of
the produce, reduces costs, guarantees the maintenance of
quality standards and provides useful information in real
time. Computer vision is a novel technology for acquiring
and analyzing an image of a real scene by computers to
control machines or to process it. It includes capturing,
processing and analyzing images to facilitate the objective
and non-destructive assessment of visual quality
characteristics in agricultural and food products. The
techniques used in image analysis include image acquisition,
image pre-processing and image interpretation, leading to
quantification and classification of images and objects of
interest within images. The overall appearance of fruit object
is a combination of its chromatic attributes (color) and its
geometric attributes (shape, size, texture), together with the
presence of defects that can diminish the external quality.
Thus automated fruit gradation plays an important role to

increase the value of produces. Automatic fruit classification
offers an additional benefit of reducing subjectiveness
arising from human experts.

2. FRUITS AND THEIR CLASSIFICATION METHODS
2.1 SWEET CHERRIES

Qi Wang and et. al. [3] has done the research on Outdoor
color rating of sweet cherries using computer vision. In this
paper, they report the results of an exploration study of the
feasibility of using computer vision to conductaccurate color
rating of sweet cherry in outdoor orchard environments.
There are four steps used in the overall process as-1) Image
acquisition 2) Image processing 3) Removal of glaring
reflection 4) Skin color rating.

A conceptual, computer vision-based sweet cherry color
rating system was developed in this research, focusing on
removing two major obstacles in the outdoor rating of the
color of fruit. The obstacles are (1) how to get a more
consistent rating under varying ambient light conditions and
(2) how to obtain a higher accuracy rating by removing
glaring reflection on fruit skin. Test results indicated that the
use of a camera flash could provide an effective means of
suppressing the inconsistency of the ambient light and
reducing glaring reflection from the surface of the fruit. An
image processing algorithm was developed to classify sweet
cherry colors into seven levels for this purpose. The test
results also showed that the overall accuracy of the color
rating system was over 85% based on 660 measurements
taken at three different outdoor lighting conditions. This
preliminary research validated both the possibility and the
feasibility of using computer vision-based technology to
provide accurate ratings of sweet cherry color in an orchard
environment.

The skin color of cherry surface without a suture is relatively
homogenous; if there is no glaring reflection, the histograms
ofred, green, and blue of the rating area should be close to a
symmetrical distribution. Statistically, the symmetry can be
described as the mean (I) and the median (Md) of a
histogram are equal. When there is a glaring reflection, the
distributions of those histograms would skew to the right (1
> Md), as shown in Fig. 3, because such reflection is usually
much brighter than the colors of cherry skin. This glare
removal algorithm first would search for a threshold to
distinguish the original skin color and the glaring reflection,
as shown in Fig. 4.
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Fig-1: Values of seven levels of the color chart in three
images taken under direct sunshine, with camera flash on.

The algorithm would calculate and compare the 1 and Md
values of the obtained histogram in the green channel. If 1
were greater than Md, then a glaring reflection would be
showing in the image. Then, the algorithm would start a
searching loop to find a threshold (T) by trying the values
from1to 255 by increments of 1. In each loop, the algorithm
would recalculate the mean (10) and median 6M0dP of the
histogram distribution from 0 to T. The process would be
reiterated until the final threshold (Tf) satisfied the
relationship 10 6 M0d. All pixels with a green value larger
than the threshold value T f represented the glaring
reflection on the surface of the fruit, and the image
processing software would remove those reflection pixels
from the selected rating area, using white color to fill the
space, as shown in Fig. 3.
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Fig-2: An illustration of the reduction and removal of the
glaring reflection at three test lighting conditions.

Fig. 3 shows the human rating results based on a set of 18
randomly picked samples. The horticulturists obtained same
rating results for 12 of the 18 samples; however, small
differences of one level of redness did exist among their
decisions.
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Fig. 8 Color rating results from horticulturists for 18 randomly pécked cherry
samples.

Fig-3. Color rating from horticulturists for 18 randomly
picked cherry samples.

When one horticulturist drew a different conclusion from
others, the assessment of others was used as the final
decision of color rating. Fig. 4 compares the computer rating
results obtained with camera flash using different methods
based on the same set of 18 randomly picked samples.
Among them, Fig. 4a presents the color rating results
estimated using the developed algorithm without
compensation. Based on the comparison between the
automated color rating results and the grading results of the
horticulturists, it was found that most of the computer
ratings were one level higher than the human grading. To
analyze the possible attributes of such a difference, the
rating results, before rounding to the nearest integers, were
plotted in Fig. 4b. Since the bias of the human ratings based
on the color chart could be within a half-level tolerance, the
boundary of *0.5 from the benchmark shows the range
where the true levels of redness could be. The plot shows
that most of the estimates before rounding were very close
to the upper boundary.

fairly close to the benchmark; however, there might be a
system error in the method. Statistical analysis showed that
the average deviation of the estimates from the benchmark
was 0.58. When the results were compensated by
subtracting this offset, most of the adjusted estimates fell in
the boundary of +0.5.
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Fig-4: Color rating results and Improvement of 18
randomly picked cherry samples using developed
algorithm, Fig. a and b.
2.2 MANGO

Okoth E. M et. al. [1] have done research on Evaluation of
physical and sensory quality attributes of three mango
varieties at three stages of ripeness, grown in lower eastern
province of Kenya. Physical attributes at three stages of
ripeness (unripe, intermediate and fully ripe) and sensory
quality at full ripe stage of Apple, Ngowe and Kent mango
varieties grown in Lower Eastern Province (Machakos
(Machakos also called Masaku is a town in Kenya, 63
kilometres southeast of Nairobi. It is the capital of
the Machakos County, Kenya.) and Kitui (2)) of Kenya were
evaluated. They were stored under ambient temperatures of
252C and relative humidity of 65-70. Apple and Ngowe
ripened fully after 7 days whereas Kent took 10 days.

This study established that different varieties had different
desirable physical and sensorial quality characteristics,
which qualified them for different economical and
nutritional utilization. Kent varieties portrayed longer shelf
life (9-10 days) and firmer textures for its flesh and skin at
unripe stage with moderate weights (g) and excellent pulp
yield of 73%; this showed that it would be best utilized for
export market. Apple and Kent varieties at their
intermediate and ripe stages of ripeness had the best.

The weight and firmness decreased with increasing ripeness
and was accompanied by notable colour change for all the
varieties. Kent had the most firm skin (5.8KN) and flesh
(3.7KN) whereas the softest was Apple with a skin and flesh
firmness of 0.6KN and 0.07KN respectively. There were clear
differences in skin and flesh color in different varieties
(p<0.05). At the unripe stage, Ngowe exhibited the greenest
colour on the skin, however with increasing ripeness, the
skin and flesh colors turned from green to yellow/orange;
the most yellow variety being Kent. The heaviest variety was
Ngowe (>625g) at unripe stage, while Apple had the lowest
weight (363.46g) at the ripe stage. All the varieties lost
weight with increasing ripeness, with Kent varieties
exhibiting the most remarkable total mean weight loss

(>15g). The highest and lowest varieties in pulp yield were
Apple (75%) and Ngowe (70%) respectively. The most and
least preferred skin fruit colour Kent and Ngowe varieties
with a mean score of 6.54+1.5 and 5.61+1.7 respectively. The
most preferred flesh colour, flavor, taste, texture and overall
acceptability was the Apple varieties, followed by the Ngowe
and lastly Kent variety. This clearly showed that different
varieties have different physical and sensory characteristics
where Apple varieties would be most suitable for fresh
consumption and in processing due to it higher yields than
the rest. This study revealed that variety and stage of
ripeness had influence on physical and sensory attributes of
the varieties analyzed.

Author have studied the following Physical characterization
of the fruit with changing maturity stage:

1) Fruit weight (g)

2) Fruit colour

3) Fruit firmness

4) Proportionate fruit part (%)

5) Viscosity measurements

Sensory evaluation: Sensory evaluation of the ripe fruits was
done using 30 untrained panelists sourced from staff and
students of Jomo Kenyatta University of Agriculture and
Technology (JKUAT), Food Science Department. It was based
on the 9 hedonic score (1-Dislike extremely; 2- Dislike it very
much. 3- Dislike moderately; 4- Dislike it; 5- Neither like it
nor dislike it. 6- Like it; 7-Like it moderately; 8- Like it very
much; 9- Like it extremely). The parameter evaluated were,
skin and flesh color, flavor, taste texture and overall
acceptability of the fruit (Larmond, 1977). 2.4 Statistical data
analysis: All the data was statistically analyzed for variance
(ANOVA) using Genstat® computer program14th Edition.
The comparison for means, standard deviations at 5% level
of significant were done using Duncan’s Multiple Range Tests
(DMRT) as described by Steel et. al.
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Fig-5: Flesh firmness of Apple, Ngowe and Kent mango
varieties at three stages of ripeness MAV: Apple variety
Machakos, KAV: Apple variety Kitui, MNV: Ngowe variety
Machakos; Ngowe variety Kitui; MKV: Kent variety
Machakos, KKV: Kent variety Kitui.
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Fig-6: Skin firmness of Apple, Ngowe and Kent mango
varieties at their three stages of ripeness MAV: Apple
Variety Machakos, KAV: Apple Variety Kitui, MNV: Ngowe
variety Machakos; Ngowe variety Kitui; MKV: Kent Variety
Machakos, KKV: Kent Variety Kitui.

3.S. Arivazhagan et all. [11] The computer vision strategies
used to recognize a fruit rely on four basic features which
characterize the object: intensity, color, shape and texture.
This paper proposes an efficient fusion of color and texture
features for fruit recognition. The recognition is done by the
minimum distance classifier based upon the statistical and
co-occurrence features derived from the Wavelet
transformed sub- bands. Experimental results on a database
of about 2635 fruits from 15 different classes confirm the
effectiveness of the proposed approach.

The proposed method by author can process, analyze and
recognize fruits based on color and texture features. In order
to improve the functionality and flexibility of the recognition
system shape and size features can be combined together
with color and texture features. Further, by increasing the
number of images in the database the recognition rate can be
increased. This algorithm can be used for smart self-service
scales.

3.1 METHODOLOGY

The two sections that involved in this work are Training and
Classification. The block diagram of method is given in

Figure 7.
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Fig-7:Different steps for image of fruit processing
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The use of computers to analyze images has many potential
applications for automated agricultural tasks. But, the
variability of the agricultural objects makes it very difficult
to adapt the existing industrial algorithms to the agricultural

domain. The proposed method can process, analyze and
recognize fruits based on color and texture features. In order
to improve the functionality and flexibility of the recognition
system shape and size features can be combined together
with color and texture features. Further, by increasing the
number of images in the database the recognition rate can be
increased. This algorithm can be used for smart self-service
scales.
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Fig -8: Extracting Region of Interset from Image

Table 1 Result of fruit recognition system

Recognition Rate
Using Using
S.No. Fruits Colour Using Colour
Features | Texture and
Features Fexture
) : Features
1 Agatn 56.435 74.257 95,049
Apple e || R
2 Asterix 52.747 65.934 90.109
Apple L )
3 Cashew 77.1428 94.2800 99.047
a “Diamond 45283 | 55660 | 75.471
Peach . i
5 Fuji Apple 34 956 783018 82073
6 Granny- 89.743 96,153
Smith 30.769
= Apple | e
7 Honeydew 66.216 76.056 95.945
Meclon R oA -
8 Kiwi 32.558 47.6744 58.139
9 Nectarine 32258 74.1935 79.032
10 Onion 43.24 78378 B6.486
11 Orange 30.769 40.384 69.230
12 Plum 48.484 84.090 | 89.393
13 Spanish 32,500 60000 §6.25
Pear
14 Faiti Lime | 58490 | 88.679 | 98.1132
15 Watermelon | 40.625 $5.20%8 BO.S¥3
_Total 45.49483 | 70.85591 | 86.00488
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CONCLUSION

Based on the survey conducted, it has been seen that soft
computing models have shown a remarkable performance in
fruit classification. While a number of promising
technologies exist, nondestructive assessment of fruit
classification is achieved through computer vision systems
and soft computing models. Accuracy of these methods are
considerably high and can be implemented in actual practice
quite easily. In future food industry is expected to make big
profits through the use of more robust soft computing
models.
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