K 4, Buayai Prawit
HEoHLBoar Ht (T5)

¥R F OB ELREFES80T
EALR G HE AR AM3FEIA28H

LR G0 B PGS 4 555 1 IR

%K % TEHER VAT ARG THa—A

7 fm X & H An End-to-End System Using Artificial Intelligence (AI) and

H

i

*

Augmented Reality (AR) to Support Table Grape Cultivation
(N THBEAD & JEEBSEAR) 2 VW5 8 9 HibE 3R)

mXEAEZTR IE BE®R O FOBS
o TR DG
# B B EE
€S IR 7 N
li=c S o1 =N
== c 5 €5

AR XNEDER

Trimming the inflorescence and thinning the berries are two critical processes in table grape
cultivation. This is because bunch compactness, bunch shape, and berry size, which are
controlled mainly by these two tasks, all have a significant impact on the market value of table
grape production. The inflorescence trimming and berry thinning should be carried out during
appropriate period and farmers have limited time to complete the tasks. Especially in case of
berry thinning, the appropriate time period is 2-3 weeks and it overlaps with raining season
during which the berries grow quickly and the bunches soon become densely packed and it
becomes impossible to do thinning without hurting the neighborhood berries. Since berry
thinning requires high skill and is the key task to decide the final shape of the grape bunch, the
size and quality of each berry, which has a dominant impact on market value, instead of getting
help from part-time farmers, the farmers have to perform berry thinning tasks by themselves.
Consequently, one skilled farmer usually needs to thin berries for more than 3000 bunches each
season. Therefore, the technologies for supporting skilled farmer to perform the task more
efficiently or enabling part time farmers perform the task with least training are urgently
required by the table grape industry.

This dissertation addresses the challenging issues in applying state-of-the-art Artificial
Intelligence (AD) and Augmented Reality (AR) technology to assist inflorescence trimming and
berry thinning tasks in table grape cultivation. An end-to-end approach was implemented by
considering the whole process from preparing data, training Deep Neural Network(DNN)
models, deploying DNN models on the server, selecting the appropriate AR device for farmers,
and designing the user interface for showing the relevant information to farmers. Image



augmentation technique has been designed to tackle the difficulty of collecting sufficient images
for training a DNN model generalized to detect grape berries with high accuracy under various
unconstrained capturing environment. Experiments have been conducted to select and fine
tune the state-of-the-art DNN models for the particular tasks. Novel post-processing techniques
have been proposed to fulfill the requirement for each task. A server-site approach is adopted to
make the DNN model capable of working with various devices and reducing the computation
on edge devices such as mobile phones and smart glasses. Furthermore, the user experience
has been taken into consideration in visualizing the predicted results to farmers in adherence
with the intent of empower the farmer and do not disturb the regular tasks. The proposed
end-to-end supporting system consists of an Al server and an Optical See-Through
Head-Mounted Display (OSTHMD). Images are captured with the cameras installed on
OSTHMD and sent to the Al server via pocket WiFi. The Al server accounts for intensive
prediction computing then sends the results back to OSTHMD, showing the results and
instructions to the farmer. This dissertation presents three main technologies for constituting
such grape cultivation supporting system. The first is an automatic inflorescence measurement
technology for supporting the inflorescence trimming task. The second is the automatic berry
counting technology for supporting the berry thinning task. The third is the technology for
automatically identifying berry to be removed for berry thinning task.

In most cases, only 20%—30% of an inflorescence is required to produce a bunch of grapes, and
the ideal length varying by grape variety. Trimming inflorescences efficiently requires a farmer
to accurately assess their length using their eyes, which is difficult for inexperienced farmers.
While one to two weeks is the optimal time for inflorescence trimming, grape growers can
significantly benefit from automated inflorescence measuring operates on a wearable device.
The proposed novel end-to-end inflorescence measurement technology enables farmers to
accomplish table grape trimming efficiently. It uses 2D images of the trimming scene only
without requiring extra calibrators or high sophisticated preprocess, such as the existing
methods based on 3D model reconstruction. The experiment results demonstrate that the
proposed approach could reach an accuracy of 88.02% in inflorescence measurement and the
inference time are fast enough for real-world working circumstances. An OSTHMD was
employed to capture images and guide farmers without obstructing their trimming tasks. An
Interview to the farmers who used the proposed technology indicates that they are satisfied
with the visualization design and that it aided them in intuitively comprehending the current
and target lengths. As a result, the proposed system could significantly improve inflorescence
trimming operations, and according to several farmers, the proposed system transformed a
laborious process into a delightful one.

Berry thinning is a critical step in table grape cultivation. It is a necessary procedure for
eliminating undesirable berries and provide sufficient space for remaining berries to grow into
1deal size and taste. Karoglan et al. discovered that combining bunch and berry thinning
increased mean cluster weight, total phenols, flavan-3-ols, anthocyanins, and a variety of other
phenolic chemicals. The number of berries in the bunch is the essential criterion in the berry
thinning task, and the optimal berry count range vary by the table grape variety. On the other
side, counting berries during berry thinning takes time for both expert and novice farmers, and
it 1s especially difficult for novice farmers. The proposed novel end-to-end berry number
prediction technology succeeded in predicting the numbers of berries in the operating bunch
accurately by making use of the state-of-the-art deep learning technology. Since a DNN model
requires massive training data, a novel data augmentation technique simulating the thinning
process is proposed to create a customed grape dataset for gaining a good instance
segmentation result. To focus on the working bunch only and avoid detecting surrounding
bunches, the structure of the state-of-the-art instance segmentation model is modified to
integrate the location feature. The proposed location-sensitive Hybrid Task Cascade (HTC)
model can also be applied for other object detection problems that require detecting a particular
object from an image comprised of multiple objects of similar features. A set of features, together



with their extraction algorithms, is designed for predicting the number of berries in a bunch
(3D counting) using the berries detected on a single 2D image. Experiments results show that
the proposed the average prediction error is below +2.5 berries, which is considered to be
smaller enough for being used for supporting real thinning task.

To verify the practicality of the proposed system in actual viticultural settings, the table grape
field in Yamanashi prefecture, Japan, was selected to experiment with the proposed system
during the entire annual cultivation process in season 2021. Participants including 1 skilled
farmer and 6 people who have no experience of grape cultivation at all were invited to perform
the tasks with the 6 naive farmers using the supporting system while the skilled farmer didn’t.
The experiment showed that the proposed system enables unskilled farmers to perform
inflorescence trimming and berry thinning efficiently and accurately. The unskilled farmers can
become to be familiar with the proposed system very fast. For inflorescence trimming tasks,
they can perform better than the target time and even faster than professional farmers. The
berry thinning task is more challenging than the inflorescence trimming task. Unskilled
farmers can thin the berry faster when they get used to the system and tends to reach the
target time. Nevertheless, it is impressive that unskilled farmers can perform the tasks without
training. As the results, the average quality score of harvested table grapes grown by unskilled
farmers using the proposed system was 8.18 % higher than that by skilled farmers, which
demonstrates that the proposed Al model can prevent human error to determine which berry
should be removed.
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