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Development of Potato Tubers and
Clods Separating Mechanism for Potato Harvester Based
on Machine Vision Technique
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In this research, a mechanism which can separate clods from potato tubers on the potato harvester automatically
was developed. The mechanism was vdesigAned to replaée the manual removal of the clods performed by
approximately 4 labourers in the small-scale and medium-scale harvesters. The main reason to automate the
separation is to improve the productivity of the farmers by accomplishing this agricultural task with smaller
number of labourers. In addition, ageing in agricultural societies in developed countries is a problem that needs to
be solved by automating physically-tiring and dangerous tasks as well as repetitive tasks. Developing the
mechanism required two compoﬁents, the first was a machine vision system able to detect the potato tubers and

distinguish them from the clods, while the second was a set of mechanical components which removed the clods.

Chapter 2 summarizes observing the performance of the pqtaté harvester in Hokkaido University indicated that
the objects flow on the harvester in an average rate which was approximately 4.2 object/s and did not exceed 7
object/s. Besides, the observation of the size and mass of the tubers indicated that the diameters of the varieties
investigated ranged from 25 to 100 mm. Besides a relationship Between the diameters of the tuber and the mass

could be observed as the correlation was high and reached 0.943 for one of the varieties.

Chapter 3 describes the machine vision system which distinguishes between potato tubers and clods bearing the
changes in clods colour due to different water contents and the changes in the lighting conditions. Three cameras
were tested to choose the most appropriate vision sensor. Since the objects have similar wide ranges of sizes and

masses, the recognition was based on the spectral reflections. Therefore, the general concept of detecting the
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objects was to capture an image, to isolate the objects from the background, and to discriminate every pixel

separately. Finally, a judgement was required to identify whether the cluster of pixels was a tuber or a clod.

The RGB colour camera provided distinct differences between the objects when the clods were wet but failed to
discriminate in the same success rate when the clods were dry. The hyperspectral camera provided two spectral
reflections at 752 nm and 480 nm which could discriminate the objects under any water content rate. The setbacks
of the hyperspectral camera were its high cost and excessive amount of information which affected the image
processing speed. The ultraviolet camera could also differentiate between tubers and clods under the wet and dry
conditions. Its cheap price and few amount of information gave it the favour to be applied as the vision sensor of
the machine vision system in this research. Using UV images, the image processing rate was 10 frame/s when the
frame size was 320x240 pixels. The machine vision system was also enabled to perform additional processing
such as singulating attached tubers and clods visually by finding the contact points if the objects were arranged in-

lines. Also, it was enabled to calculate the diameters and sizes of the tubers for future size grading of the tubers.

Chapter 4 describes the mechanical components needed to complete the potato and clod separating mechanism.
They included separating deflectors and a set of conveyors. The separating deflectors were connected to the
machine vision system via relay circuit and a micro-controller which switched on the motor of each deflector
when a potato tuber entered a corresponding detection area of the vision system. Examining the response of the

déflectors, it was found that they work without any error if the objects approach them in a rate equal to 2 object/s.

In the set of conveyors, the objects entered a feeding conveyor where they flowed randomly. At the other end of
the conveyor, two arranging conveyors were placed perpendicular to the feeding conveyor. A difference in speed
between the arranging and feeding conveyors detached the successive objects. Also, having two arranging
conveyor broke each line of objects on the feeding conveyor creating two queues of objects simultaneously. The
queue in each arranging conveyor moves toward the sorting conveyor which runs in a hiéh speed causing
additional detachment between the objects. It was found that a speed ratio of 20:1 between the feeding and sorting
conveyors was able to detach and arrange the objects in an error rate which did not exceed 3%. At a sorting
conveyor speed of 200 mm/s, the rate of objects was approximately 1.25 object/s for each row. In order to meet
the required rate in practice, increasing the number of arranging conveyors so that mo.re objects can be

simultaneously discriminated and increasing the overall speed of the conveyors are suggested.
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Chapter 5 describes some of the perspectives of using the potato and clod separating mechanism. Using the
machine vision system developed in this research with its hardware specification it was found that the highest rate
of object detection was 20 object/s. However, it requires creating 16 rows of objects in order to detach and queue
the objects in the same rate. In the next step, automatic collection of the small tubers is required. The machine
vision system can be extended toward automating the collection of small tubers as it is able to provide information
about the diameters and the érea of the tubers. In addition, extending the automation toward post harvest grading
based on quality was also observed. This can be obtained by developing a machine vision system using the
hyperspectral imaging. However, subjectivity in judging diseased and injured potatoes as well as the feasibility of

using hyperspectral imaging should be considered when developing grading system based on quality.
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