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Today, we are thinking to raise farmer’s income through various means and
measures. Implementation of new crop patterns, technology inclusion and
promoting the eshtablishment of numerous agro processing industries will
play a major role in agriculture sector. The labour issue is also one of the
main concerns in many of the agricultural activities. In this paper we
propose a technological evolvement in onion detection process, where we
apply image processing and sensory mechanism to identify sprouted and
rotten onions respectively. This will yield to quick, accurate and prompt
supply of goods to the market, irrespective of lack of consistent but costly
manpower. The efficiency of this prototype in identifying the sprouted
onions with the help of camera is observed to be upto 87% and also the
response of Gas sensing system in detecting rooten onions under prescribed
chamber dimensions is analysed and obtained encouraging results.
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1. INTRODUCTION

Agriculture is the back-bone of many of the economies as majority of its population is directly or
indirectly engaged in this profession. In recent past, new trends in cropping pattern have been evolved,
developed and introduced for changing the economic status of farming community. Onion is important
commercial horticultural crop grown in many countries. India is the second largest onion crop producing
country in the world. Grading of agricultural produce especially onion has become a prerequisite of trading
pan India and even across the borders.

Onion grading is important so as to increase the market value of produce, to meet with global
standards and to ultimately fulfill the specific demand of consumer [1]. The majority of onion growers and
traders do onion sorting manually; this approach creates issues like subjective grading. This tedious work
increases the selling cost, inconsistencies, and results into low productivity.

Most of the above problems can be minimized using automation processes proposed in [2], [3].
The loading of the onion is done through elevator mechanism then by using odor sensor the rotten onion
will be removed with the help of pneumatic actuator and blower will blow the mulch then by using
conveyor belt and meshing technique onions will be sorted in various grades. Afterwards the automatic
weighing of onion bags will be done.

In recent past, the agricultural land and even the farming families have been divided in to micro
families with small pieces of land holdings. This has been yielded severely with labor issues and low
productivity of agri-based produce. The economy involved in growing the crop is affected largely because of
shortage of labors. Design and development of affordable engineering mechanisms to many of agricultural
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process is central theme of this paper. This paper mainly focuses on image processing and gas sensing
mechanism used for identification of sprouted and rotten onions. Aim is to design and develop an automatic
separator to remove rotten/sprouted onions, for high quality product in market.

2. LITERATURE REVIEW
Numerous reseach work has been done on onion grading system and lot of work to be doneon its
automation part and performance improvement.

a) Issues and losses incurred in post-harvest processing of onion is reviwed in literature. Maximum
aggregate losses have been observed at producer level due to manual, lack of adequate transport utility,
drying mechanism, unidenfied rooted bulbs, poor packing facilities, and injury at the time of harvesting
[4]-[6]-

b) Due to lack of storage facility, the eventual marketing policy of onion is supoosed to be profitable for a
middle man and not to a producer [5]. It is a need of the day to apply technology to deploy the proper
cold storage facilities with appropriate sorting and sensing units equipped with the system [7].

c) The fragmented supply chain, lack of adequate storage and perishable nature of onion, high marketing
margins, and dominance of few traders, are significant challenges in the value chain and need measures
to overcome them [8].

d) The majority onion sorting is done manually. Grading of bulbs is carried out on the basis of size and
shape for better economic gain [9]. A manually operated sorting machine has been developed
in [10]-[12] to achieve minimum injury to onions and reported grading efficiency is of 80% [10]. But in
existing process, farmer’s faced certain problems like low productivity, increased labor cost and this
process doesn’t remove the complete rotten onion in that lot. There is issue of sorting and sorting
efficiency in many of the automated systems [13].

e) Supply chain in onion produce and presence of corporate in agrifood processing business will set the
new land mark in this area [14], [15].

f)  Object or fruit tracking is done by defining the positions of the target in image co-ordinate frames.
Image segmentation does selection of certain region and removal of other ground [16], [17]. One of the
methods of segmentation is binary large object (BLOB) analysis is frequently discussed in the literature.
It is collection of binary information stored as single entity like adiuo or image. With this detection
method, points or regions are identified in the given image [18]. BLOB detection method
in [19] for survelience system uses foreground mask correction method. Sorting of various fruits using
BLOB analysis is studied in [20] and results are obtained using SCILAB.

Most of the above problems faced by farmers and exporters are addressed in this proposed automated

process.

3. RESEARCH METHODOLOGY

The onion sorting has a potential benefit to farmers, whole sellers and even to retailers. The proper
and fast sorting procedure definitely reduces the storage losses. But manual sorting requires huge time and
adds labour cost to it. Therefore, there is a need in the onion post-harvest process industry of an efficient and
cost-effective sorting system that can identify healthy onion form and diseased one. Design and development
of electronic gas sensing nose alongwith image processing tool with actuators which will automatically
remove the rotten/sprouted onions is the objective of this paper.

3.1. Proposed method

Figure 1 elaborates the system architecture of overall process. Although we have started with above
mentioned wider objectives, this article will focus on the electronics engineering part to detect the diseased
and damaged onions through scanning and sensing processes. Basically, our system is divided in three units:
First is the mechanical part, the loading of onions to the hopper and then passing it on conveyer belt. Second
is to pass it through the image processing unit to differentiate the unhealthy onions and finally pass it through
the gas chamber for further classification of onions.

In the first part the conveyer belt, pulley and motor mechanism will be designed and assembled,
supported by a stiff frame. In the second part, as a first step, we use the camera, based on image processing
the onions will be sorted and in the final step they will be passed through the gas chamber. Gas chamber is
the complete assembly covered with the Teflon sheet. The circuit designed in the gas chamber is consisting
of different gas sensors, temperature and humidity sensor.

Microcontroller [21] is used to control this whole mechanism. When the onion gets damaged or
diseased it expels different types of odors. In clean air their conductivity is less whereas when the gas is
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detected the conductivity increases and hence we can detect the diseased onion. When these onions are
detected and conductivity is reached at the specified level, the audio-visual alarms will be buzzed and they
are separated out using the actuators and hence the healthy onions are separated.

Loading of Onions

| Mechanical Part | l

Conveyor Belt

y
Digital Image
Computer Part %
Processing Board
- !

Gas Inlet Y Gas Chamber e Clean Air Inlet

EnTC Part l

Gas Exhaust

. !

Temperature/
RH Sensor

A

Final Output { Onion Sorted

Figure 1. Block diagram

3.2. Block schematic of system

The basic block schematic of the system is shown in Figure 1. The system consists various sections
based on processes performed or equipment used like loading of onions, conveyer system, various sensors,
image processing section, gas chamber and its components. These blocks are connected in sequential manner
with reference to process carried out.

3.3. Detailed descriptions of blocks

This system is divided in three different units. The first unit is the mechanical frame which consists
of the complete frame structure of the conveyer belt, pulley and motor mechanism. The onions are loaded on
the conveyer belt and further lined up by passing through the reducer.

Onions are moving towards the chamber in which camera and gas sensors are placed [22]. While
onion is passing through chamber, camera clicks the image from video stream and conducts preprocessing of
the image received. Preprocessed image is then segmented to separate out the background noise for object
evaluation with background removal technique. Thresholding technique has been used to do segmentation.
Thereafter, this image is compared with ideal dataset. If image matches with dataset image, then next
instruction is given to the actuator. Serious damage like sprouting is easily detected with image processing
unit.

Finally, there is a gas chamber followed by image processing unit. As per the investigations
in [23], [24], the Gas sensor MQ6 and MQ135 uses SnO; as sensing layer and able to sense liquefied
petroleum gas (LPG), Butane and H,S gases respectively. In this paper these two sensors have been used to
detect gases. The gas chamber consists of gas sensors, air controlling valve, and pump to maintain air flow
and has two inlets to push clean air into the chamber and one outlet for gas suction of onion and making
clean before other onion came into the chamber. Different gas sensors detect the gas sucked from the onions
and examines it and sorts out the defected onion. Finally, after processing and examining the onions; the
diseased and good onions are separated by the actuators present at the other end of the conveyer belt.
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3.4. Working of system
3.4.1. Digital image processing

For sorting, to capture onion image, a web camera is used. It comes with high-resolution of
1280x720 pixels to capture an image of H.D. quality. The camera position is adjusted in such a way that it
will be convenient for capturing the live image of an onion. The camera is continuously scanning the
conveyer belt in video mode. The black background color in image is easier to extract the onion edge
characters later. That is why black color is used for the conveyor system. The captured image is given as an
input to the software which detects the color of an onion. This data is transferred to system by using USB
cable and accordingly control action is taken. The software contains standard reference database of good
onions. Then the captured image values are compared with standard reference values. One such example is
shown in Figure 2. If the values are not matched then the signal is sent to the actuator to remove that disease
onion.
i)  Color detection

In this process, onion color is detected according to red, green, and blue (RGB) values; here onions
are sorted according to color. So, for example. two onions are considered say one having redish color and
another having sprouts color, so in this step, our work is going to find out color of a onion by using RGB
values of a picture taken from the camera.

The following color detection algorithm has been used.

i)  Color detection algorithm:

) Start

) Read the input color image using imread function.

) Read the input pixel of color image in three different planes such as RGB.
) Convert input image into gray frame.

) Subtract red color from gray frame using median filter.

) Convert image into binary and use Blob statistics analysis on this image.
) Compare the values with threshold value of standard reference values.

) If input values > threshold values, then onion is bad.

) Send signal to the arduino.

0) End.

By implementation of above image processing algorithm, results obtained are shown in Figure 2.
This simple algorithm is used to detect colors presnt in frame with black background. As shwon in Figure
2(a). It hae only red color components other than black. In Figure 2(b), this frame has red and green color
components. Out of which green color components are unwanted. Green color components indicate that
sample under test is defective one.

/é,x: 313 Y: 283

100 200 300 400 500 200

(@) (b)

Figure 2. Testing of samples using image processing; (a) healthy sample and (b) sprouted sample

3.4.2. Sensing unit

The MQ6 and MQ135 arrays are utilised to identify the volatile profiles of onions' odour. The
controller unit, as well as various peripheral and interface components, make up the electronic device. The
following sections describe the device's fabrication, characterisation, and testing. The mechanical
components of the Gas chamber were constructed and synced with the conveyor speed to enable the supply
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of odour or fresh air to the chamber housing MQ sensors and efficiently eliminated the chemical odour from
the previous experimental set-up [2].

Teflon is used in chamber construction to withstand temperature changes and chemical reactions.
The use of Teflon also reduced the risk of contamination from sample odours within the chamber. After
customising the middle and lower blocks, a square-shaped Teflon block was cut into three 224 310 230 mm
portions and stacked on top of each other. To install the MQ series sensors, holes (sockets) were drilled into
the bottom block. The size and form of each socket changed depending on the size of the individual MQ
sensor [25]-[27]. A circular aperture with a diameter of 112 mm traversed the central block to provide
headspace for the sensors. The samples were pulled into the chamber using a pump and a 3-way valve to
choose one of two pneumatic circuits. To dry the chamber, one was given a filter containing charcoal and
desiccant (which eliminates humidity and undesirable odours from the air). The gas samples of interest were
delivered to the sensor chamber through the other airflow route. The gas was delivered to the chamber
through Teflon tubing (outer diameter = 4.76 mm). Figure 3 depicts the prototype’s actual photograph.

An algorithm of Gas Sensing Unit

1. Start

2. Initialize sensors to sense emitted gases by onions. Sensors used in this
system are able to sense the following gases:

a. Hydrogen, b. Sulfer dioxid, c. Nitrous oxide, d. Carbon dioxide &/or ammonia,
e. Temperature

3. Convert analog input into digital (used inbuilt ADC) form using
microcontroller (ATmega328).

4. Check whether sensed level of gases emitted by onions are less/greater than
previously defined levels.

5. If it is less, then display the level and repeat step 2.

6. If it is greater, then switch for the actuator and repeat step 2.

7. Stop

Figure 3. Actual photograph of the prototype

4, RESULTS AND DISCUSSION
4.1. Results of image processing
4.1.1 Results of healthy samples

First objective is to find the color of the onion. There are different methods in image processing to
find colors. In this, we used the method of background removal. We blackened the background and then tried
to find different colors from it. After Experimenting with this scheme, we found that it seemed to take 3-4
seconds longer than expected time. So the second method we started working on was the bounding box
method.

In this we used RGB color module. In the RGB module, we checked the color of the onion and saw
the red, green and blue color values of the onion. Then we used a simple method in which we coded a square
where only red would appear. Then values of x and y coordinates changes due to the arrival of the square.
The color of a good onion is only red so from this method we found a good onion [10].

4.1.2. Results of diseased samples
But then it was realized that the quantity of good onions was higher than that of rotten onions. If we
had been checking the color of good onions, it would have taken us longer time because the quantity of good
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onions would have been higher. Then we decided that if we checked the rotten onions rather than the good
ones, they would be separated sooner. The response obtained is as shown in Table 1 and 2. In rotten onions
we saw different varieties like sprouted onions, double onions, and black spotted onions.

Then we tried to find the sprouted onions. But we applied the same logic that was used to find good
onions. Just like we checked the red color to find good onions, like wise we checked the green color for the
sprouted onions because the onion sprouts are green. When we coded it, we saw that where the green color
comes with the onion, the square would come and the values of X and Y coordinates would come more
than 0. This means that when the values of X and Y coordinates are more than 0, the onion is sprouted.

Table 1. Responses of healthy samples with image processing tool
Size No of Health samples tested  Accurate Results  Accuracy (%)

Small 10 10 100
Medium 10 10 100
Large 10 09 90

Table 2. Reponses of image processing with diseased samples
Size No of defected Samples Checked  Accurate Results  Accuracy (%)

Small 15 14 93
Medium 15 12 80
Large 15 12 80

As per US Standard 51.4204 [11], the following specific defects shall be considered as serious
damage: (a) Sprouting, when the onion has become soft and spongy, (b) Mechanical injury, when more than
two of the fleshy scales are badly cracked, cut or bruised. Both of these defects can easily be detected with
such an image processing technique.

4.2. Results of gas sensors

The Gas collection chamber is designed to test the gases emitted by defected onions. The air sample
of Onion is collected in this chamber and output values of various components like, Carbon Dioxide, Carbon
Monoxide, Hydrogen are compared with the values of these gases in clean air [5] to check the variation.
Above mentioned gas sensors have been used for detection of healthy as well as rotten onions and the
prototype has given responses as shown in subsequent tables. When diseased samples are tested using
MQ135 sensor for CO2 and CO gases, as shown in Table 3, we found that response to CO2 gas ranges from
7807.13 ppm to 7829.01 ppm while Co gas ranges from 705.17 ppm to 721.01 ppm for 5 random diseased
samples. The results shown in Table 4, are obtianed when the healthy samples are tested using MQ135 for
CO and CO2 gases, we found that response to CO2 gas ranges from 2480.13 ppm to 2563.34 ppm and Co
gas ranges from 343.09 ppm to 359.87 ppm. Tables 5 and 6 shows response received from MQ6 sensor for
H gas for deceased and healthy onions respectively. We found that in deceased case, response to H; gas
ranges from 1699.03 ppm to 17388.50 ppm and for healthy onion response ranges from 122.00 ppm to
192.35 ppm.

Table 3. Reponses of MQ135 with diseased samples ~ Table 4. Reponses of MQ135 with healthy samples

Sample no. CO, [efe) Sample no. CO, [efe)
1 7824.43 ppm 710.06 ppm 1 2523.07 ppm 357.00 ppm
2 7813.09 ppm 705.17 ppm 2 2480.13 ppm 343.09 ppm
3 7829.01 ppm 705.39 ppm 3 2493.93 ppm 345.07 ppm
4 7826.43 ppm 716.19 ppm 4 2563.34 ppm 359.87 ppm
5 7807.13 ppm 721.01 ppm 5 2504.02 ppm 353.10 ppm
Table 5. Reponses of MQ6 with diseased samples Table 6. Reponses of MQ6 with healthy samples
Sample no. H, Sample no. H,

1 1738.50 ppm 1 192.35 ppm

2 1704.61 ppm 2 127.25 ppm

3 1723.07 ppm 3 136.08 ppm

4 1729.43 ppm 4 122.00 ppm

5 1699.03 ppm 5 164.79 ppm
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4.2.1. Response of gas sensors

In practice, threshold setting for sensors is done through various trails. Trails have been conducted
to identify the response of sensors in terms of distance and various samples sizes. The distance between
samples under test and sensors was kept to 3 and 6 cm and readings were taken in a place where room temp
was noted 31 °C. Figure 4(a) elaborates the response characteristics of MQ135 for CO; gas at two different
distances whereas Figure 4(b) represents response of MQ135 to Co gas. The response of sensor IC MQ6 to
Hz is shown in Figure 4(c); here medium size onions are taken into consideration at working temperature of
31 °C. Similarly, Figure 5 shows effect of onion size on performance of MQ135.

9000 800
8000 700 —
7000 = = (00 J P -
0 500
E 000 Dist=3cm E 400 Dist=3cm
a 4000 o
3000 ====Dist=6cm 300 ====Dist=6cm
2000 200
1000 100
0 0
1 2 3 4 5 1 2 3 4 5
(a) (b)

1750

1700

1650

1600 ~ 7~

2 Mo ue T S~ Dist=3cm
& 1550 =z *
\\ ====Dist=6cm

1500 :

1450

1400

1 2 3 4 5

(©)
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5. CONCLUSION

The primary goal of this research project is to create a low-cost smart onion sorting machine that
includes an automated gas delivery and data acquisition system for detecting volatile compounds released by
onions. In the image processing section, the background removal approach was tested and determined to be
suitable. It has been observed that the efficiency of the system for deceased onion detection over existing
approaches is better. The sensors used are quite affordable, and produce good results in required temperature
range; thus they might be used in a storage rooms in several units. To opt for a sturdy sorting machine, the
spacings of gas sensor arrays, onion grade, and conveyor belt speed synchronisation must be explored
further. It could be adapted to assess post-harvest quality in a variety of other crops.
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