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A methodology for efficient harvesting and grading of
haskap berry, and its application on blueberry harvesting
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In this research, a system which can harvest haskap berries and blueberries and a methodology which can
grade the harvested haskap berries were developed. The system was aimed to replace the conventional hand
picking for harvesting haskap berries and blueberries in Japan. The methodology of grading was the first
step for developing a future automatic berry grading system which could replace current hand sorting. The
main propose is to improve the productivity of the farm owners by accomplishing this agricultural task with
smaller number of labors and lower cost to encourage more farmers to plant berries, especially the being
appreciated local haskap berries. In addition, ageing in agricultural societies in developed countries is
becoming a serious problem that needs to be solved by automating physically-tiring and dangerous tasks as
well as repetitive tasks which do not require special skills.

In order to improve the harvesting efficiency of haskap berries with minimal added cost, three new
harvesting systems were developed by making use of items that are usually available in farm sheds or
easily found in the market. In 2008, haskap berries were separated by picking and dropping method,
collected by a modified umbrella, and cleaned by sieving fruit by mesh nets in water. In 2009, haskap
berries were separated by striking the fruit branches with a hand-hold plastic pipe, collected by a plastic net
container, and cleaned by blowing foreign materials with an electric fan. In 2010, haskap berries were
separated by vibrating the fruit branches with a special designed metal hock which is linked to a modified
Jigsaw, collected by a portable tarp catch, and still cleaned by blowing with an electric fan. Among them,
the new harvesting system developed in 2010 was selected as the optimal way. It could separate 19.4 kg or
clean 22.9 kg haskap berries in one hour, reached the total harvesting efficiency of 10.4 kg/h which is seven
times than that of the conventional hand picking (1.5 kg/h). Morecover, it could reduce the average cost for
harvesting haskap berries from 483 yen/kg of the conventional hand picking to 78 yen/kg based on a rough
estimate. However, it increased damaged fruit rate from 2.7% of the conventional hand picking to 3.8%,
and required additional grading for classifying large unripe and damaged fruit from the sound haskap
berries.

Since the skin colors of the unripe haskap berries (green or red) are different from that of sound ripe berries
(blue), and damaged berries have the presences of defects but none in sound ripe berries. All of them thus
were supposed to be able to be distinguished from each other by using color imaging analysis. All the
samples were divided into five groups based on the skin’s color features: ‘nondefective’, ‘damaged’
(including ‘scarred’, ‘insect damaged’, and ‘broken’), ‘shrunk’, ‘unripe (red)’, and ‘unripe (green)’. In
order to reduce the cost of using controlled lighting, images of all samples in Red, Green, and Blue (RGB)
were acquired at outside noon shade. Since it is uncontrolled lighting condition, directly obtained RGB
components are varied with lighting change. Therefore, a relatively stable color model HSI (Hue,
Saturation, and Intensity) which decouples the intensity component from the color information was adapted.
And the procedure for classification is as followed. Firstly, by analyzing the hue values distribution which
was obtained by sampling pixels from the ‘nondefective’ fruit, the color of haskap berries was found near
212° in hue value. The same method was used to investigate the optimal background color by testing the
fourteen common color sheets that available in the market. One of them No.11 with the hue value around
29° was selected as the background to hold haskap berries. Then, with the threshold computed by Otsu’s
algorithm in the red channel, the fruit were segmented from the background successfully. Lastly, three
parameters, average and standard deviation of hue component, and average of saturation component, were
chosen as the best descriptions for each haskap berry. Based on that, three canonical functions obtained by
using forward stepwise discriminant analysis were able to classify ‘nondefective’, ‘damaged’, ‘unripe
(red)’, ‘shrunk’, and ‘unripe (green)” haskap berries at success rates of 95.1%, 81.5%, 85.0%, 88.9%, and
100%, respectively. However, around 15% ‘damaged’ were misclassified into the ‘nondefective’ berries.
Nevertheless, this study indicated that it is possible to classify the unripe and damaged fruit from the sound
berrics under noon shade according to their color features by using imaging analysis with a RGB color
camera.
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However, there was one more category haskap berries, overripe berries, were left in the group
‘nondefective’ since their color appearance is similar to the sound ripe berries and thus could not be
detected from them by the RGB color imaging analysis. The problem is that the overripe berries can be
extremely damaged or broken with its juice leaking out. It may not bad at the time of harvesting but may be
unacceptable when they reach the consumer. Therefore, a novel technique, hyperspectral imaging, was
employed for distinguishing overripe berries from ripe berries of haskap. It included two parts, i.c.,
removing background from fruit and discrimination between overripe and ripe haskap berries. Both of them
can be divided into pixel-based discrimination and object-based discrimination.

From sample pixels of fruit and background, it was found that intensities of fruit pixels at the NIR
wavelength region were higher than that at the RED, while intensities of background pixels were high at
RED. Therefore, the value of the intensity at 751 nm divided by the intensity at 671 nm of each pixel was
calculated for removing background. Then, spatial processing was applied to identify ecach entire fruit
object. And it reached the success rate of 90%. For discrimination between overripe and ripe haskap berries,
the sample pixels could be discriminated correctly in 70.5% using three wavebands at 751 nm, 420 nm and
857 nm. And the success rate of fruit objects discrimination was only 65.8% which is not high. Therefore, a
future improvement is to erode the fruit object area for eliminating the fruit edge area where most pixels
had been misclassified by the pixel discriminate modcl. Nevertheless, it showed the potential of overripe
berries identification using hyperspectral imaging analysis.

The new harvesting system not only for haskap, but also had been test on blueberry. The harvesting
experiment for blueberry in Yoichi Orchard reached a rate of 19.7 kg/h with the harvesting system 3 (2010)
while that of the conventional hand picking is 2.8 kg/h. However, this new system also harvested 20%
unripe blueberries. Therefore, it was necessary to investigate the suitable vibrating speed of the
experimental jigsaw, and this speed should separate more ripe while less unripe fruit with the shortest time.
A high-speed camera was employed to record separating process of blueberries by the jigsaw. Then, details
of the harvesting process were collected by replaying recorded videos in a slow motion. After that,
statistical analysis was used to determine the suitable vibrating speed and vibrating time. It was found that
the best setting of the jigsaw was dial 2 with the vibrating speed of 1670 cpm to vibrate each branch around
1 s. In that case, it could separate 78% ripe blueberries while only 17% unripe blueberries.

>

In 2011, the new harvesting system (2010) was applied in a commercialized blueberry farm. Since
blueberries in this business oriented farm were more productive, the harvesting efficiency was increased to
around 30 kg/h, and it is ten times than that of the conventional hand picking (3.0 kg/h) in this farm.
However, it harvested much more unripe blueberries which would burden on grading. Grading efficiency
was dropped to 2.4 kg/h from 3.5 kg/h on the fruit of conventional hand picking. Nevertheless, the total
cost for harvesting 1 kg blueberries was reduced 21% from ¥433 to ¥344. Moreover, the new harvesting
system could save field working time thus increase production that had been lost every year due to lack of
handpicking workers and raining during harvesting season. In all, this new harvesting system by vibrating
blueberries with a modified jigsaw is already adopted by this farm. Although they still handpick blueberries
in the early harvesting stage where few ripe fruits, they will use the vibrating system to harvest them in
later stage when all or most blueberries are ripe. '

Finally, it can be said that, a harvesting system, which not only harvested haskap berries and blueberries
efficiently but also reduced cost, was developed by making use of items commonly available in the farm
sheds or casily found in the market. A grading methodology, which successfully classified unripe and
damaged haskap berries from sound ripe haskap berries using RGB color imaging analysis and identified
overripe haskap berries using hyperspectral imaging analysis, was also developed.
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