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1. Introduction and Objectives

In recent years, gardening activities have been drawing attention for their
potential to improve physical, psychological, and social health, alleviate stress, and
enhance wellbeing. Cultivation of crops by city residents is one such activity, which are
beneficial in forming attachment to nature, promoting interaction among the neighbors,
securing the amount of agricultural produce, and improving the quality of dietary.
However, the urban residents face four major hurdles to engage in cultivation activities,
such as access to cultivation site, securing time for activities, the heavy workload of
cultivation activity, and lacking knowledge and experience!''?I[3] To overcome these
barriers, this research aims to verify the feasibility of the remote support system for
gardening activities, which is defined as a system that remotely operates the machines
installed in the garden via network to monitor and support cultivation activity. The
system is expected to lower the frequency of onsite activities, enabling the management
in a remote garden. Also, the garden manager can conduct sowing, watering, and
weeding remotely while performing soil preparation, fertilization, thinning, and
harvesting onsite. Furthermore, the real-time images and soil moisture information
provided by the system allows the advisors to provide advice to the garden manager
through SNS. To implement the system, FarmBot, an opensource project of
FarmBot.inc, was employed. It is equipped with the functions of irrigation, weeding,
photography, seeding, and soil moisture measurement, and can be operated via the
Internet. Previous studies related to FarmBot mostly focused on its application in the
agricultural industry, necessitating detailed functional evaluation considering private
users or gardening beginners in urban areas. Therefore, this study established the
following two research tasks; Task 1 to evaluate the basic performance of the FarmBot
under the expected usage and explore the implementation issues, and Task 2 to improve
the FarmBot functions based on the results of Task 1 and re-evaluate the improved
functions.

2. Research Methods

Vegetable gardens of 2m x 3m was set up on the rooftop of Environmental
Studies Building in the Kashiwa Campus, University of Tokyo, and following
experiments were conducted between August and November 2020.

Task 1: The six functions of FarmBot (sowing, irrigation, weeding, observation,
soil moisture measurement, and others) were verified if they could be adequately used
in accordance with the expected usage and the encountered challenges were identified.
Particularly for observation function, a participant taking the advisor’s role was asked

to engage in a cultivation experiment for three months using FarmBot and a web camera,



and four participants with the audience and garden manager’s roles were asked to
operate the web camera. Then five online interviews were conducted to all the
participants (90-120 min for each), asking them to evaluate the usability. Other
functions were verified through experiments and observation by the author.

Task 2: To address the issues encountered in Task 1, the three functions of
irrigation, observation, and weeding were improved and the results were evaluated in
the same way as Task 1.

3. Results and Discussion

Task 1: Regarding the observation function, the images from the default web
camera were insufficient to monitor plants and the whole vegetable garden. Soil
moisture measurement was also inadequate although it is the basis for determining the
need for irrigation. Sowing was possible for smaller seeds but not for larger or heavier
seeds. The irrigation function was somewhat available, but it was impossible to irrigate
like a shower and the seeds flowed out. Weeding was not implemented well. Therefore,
the default FarmBot function is insufficient to perform the remote support system for
gardening activities, and it is necessary either to improve some functions or give up
unnecessary functions. In Task 2, irrigation, weeding, and observation functions were
improved and evaluated.

Task 2: For irrigation, a simple jug cap that enables a shower-like irrigation was

attached and seed furrows were made to effectively prevent seeds from flowing out. For
weeding, rather than eliminating weeds, a rotating blade was attached. By agitating the
soil surface, it was shown to prevent weeds to grow to some extent. For the observation
function, a two-degree-of-freedom camera and a live camera were installed in addition
to the default web camera, which enabled monitoring details of the plants, the whole
garden, and the operation status of FarmBot. With these cameras, the garden manager,
advisor, and the audience can now observe the garden according to their purposes.
These improvements made it possible for the garden manager to depend part of the
sowing, irrigation, and weed prevention on the machine, which may reduce the
frequency of onsite activities, allowing him to cultivate crops even at busy times and
reduce the workload. Also the advisors can get timely information for precise advice
and the audience can see the garden and share the images with their friends through
SNS, implying the feasibility of remote advice and online communication.

This study verified the feasibility of reducing workload and frequency of onsite
activity through partial improvements of FarmBot. In particular, the improved
monitoring is suggested to enhance the feasibility of online advice and communication
among a wider range of users. However, further improvement in observation for detailed

garden situation as well as reducing workload of thinning and fertilizing are expected.
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