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Abstract


This work blends the domain of Precision Agriculture with the prevalent paradigm of Ambient Intelligence, so as to enhance the interaction between farmers and Intelligent Environments, and support their various daily agricultural activities, aspiring to improve the quality and quantity of cultivated plants. In this paper, two systems are presented, namely the Intelligent Greenhouse and the AmI seedbed, targeting a wide range of agricultural activities, starting from planting the seeds, caring for each individual sprouted plant up to their transplantation in the greenhouse, where the provision for the entire plantation lasts until the harvesting period.






Keywords:


precision agriculture; ambient intelligence; smart greenhouse; smart seedbed












1. Introduction


Throughout their cultivation activities, farmers often face complex decision-making problems [1], which do not necessarily have straightforward solutions. This complexity becomes apparent when considering the amount and type of information that they have to process on a daily basis. In more detail, farmers must be aware of various parameters of their cultivated area (e.g., soil moisture levels, weather conditions), while they should also be able to assess the status of each plant separately [2]. The advancements in technological components, such as sensors, actuators, robotics, and mechanized equipment, have contributed towards the alleviation of several complex tasks and the emergence of the term Precision Agriculture (PA). PA depends inherently on Information and Communication Technologies (ICTs), so as to analyze data collected from multiple resources and make informed decisions associated with plant cultivation [3]. However, despite the fact that PA undoubtedly contributes to the improvement of the quantity and quality of agricultural products and the optimization of resource utilization [4], there is still limited research towards creating human-oriented agriculture-related intelligent environments (i.e., farms, greenhouses) whose primary goal is to satisfy the needs of the people working in them. The term “Intelligent Greenhouse” [5], became prevalent in the past quinquennium, and refers to greenhouses that focus on minimizing their carbon footprint [6], permitting the creation of self-regulating cultivation environments, automating several agricultural activities [7]. They are usually equipped with several I/O devices and control devices [8], and permit users to monitor and control them remotely. Apart from technologically enhanced greenhouses, there are several approaches concentrating on seedbeds [9], so as to streamline the process of planting the seeds and caring for the seedling before transplanting them elsewhere. However, these approaches do not support automated daily care and precise seedling measurement, while there is no provision for the post-grow period of seedlings, especially for climbing and brassica vegetables. In general, existing solutions targeting either greenhouses or seedbeds mainly focus on advancing the hardware infrastructure rather than focusing on the needs of users and enhancing User Experience (UX). Conversely, this work takes advantage of the Ambient Intelligence (AmI) paradigm [10] towards creating a user-centric [11] Intelligent Environment (IE) consisting of a greenhouse and a seedbed. Both systems target the domain of PA, deliver novel interaction techniques, and respond to user needs.




2. Design Process


A user-centered design approach was followed, based on the Design Thinking Methodology [12], which is an iterative process consisting of five phases: Empathize, Define, Ideate, Prototype, and Test. For the first two phases, the design team studied the related work on the domain of Intelligent Systems for Agriculture and examined relevant commercial solutions. Next, in order to gain an empathic understanding of the user needs, the team defined specific personas (i.e., Agronomist, Professional Farmer, and Hobby/Amateur Farmer) and created several motivating scenarios under the guidance of an agronomist familiar with AmI Technologies. Then, for the Ideate phase, the team organized several brainstorming sessions with the participation of several stakeholders, that resulted in an abundance of ideas which were subsequently filtered, so as to remove unfeasible solutions and to prioritize the most promising ones. This process led to the decision of firstly investigating the potentials of AmI in the domain of closed-type Agriculture, and to the formulation of a list with high-level requirements (Table 1) for an AmI Seedbed and an Intelligent Greenhouse. For the Prototype phase, the design team, along with specialists from other relevant fields (e.g., automation and robotics engineers), collaborated during focus group meetings in order to (i) decide the type of sensors, actuators, and other technological components that should be used, (ii) identify any custom-made artefacts that should be designed and developed, (iii) discuss the specifics regarding the installation of the technological equipment (e.g., where each sensor should be placed), and (iv) pinpoint the requirements that the greenhouse construction should satisfy so as to accommodate the envisioned scenarios. As a next step, User Interface (UI) and UX experts undertook the task of prototyping the identified end-user applications.




3. AmI Seedbed and Intelligent Greenhouse


The AmI Seedbed (Figure 1a) is a PA Computer Numerical Control (CNC) project that comprises a metal bench on which there are various sensors to measure air temperature and humidity and a Cartesian (xyz) coordinate robotic “arm” made of high-quality aluminum linear rail profiles. The robotic system’s head is equipped with a commercial Raspberry Pi camera for image capturing and custom-made 3D printed planting and irrigation units. A small air pump through a tiny tube that ends to a trunk and is used for planting seeds into well-prepared pots with soil substrate, while a thin water tube pours water precisely into each pot.



The Intelligent Greenhouse (Figure 1a) is a small-scale (approximately 25 m2) experimental gable-type greenhouse covered with polycarbonate cover sheets and equipped with various sensors, actuators, as well as custom-made artifacts (Table 2). The installed sensors permit the monitoring of internal and external conditions (e.g., air and soil temperature and humidity, solar radiation, external weather conditions), as well as the assessment of specific parameters of each plant (e.g., weight). Additionally, the employed actuators can be controlled via appropriate software, permitting users to manually control them, and enabling the greenhouse to automatically change its status so as to optimize its interior conditions based on Artificial Intelligence (AI). Finally, custom-made control panels are installed on the pathway in front of each cultivation zone, allowing users to view the zone’s current status and, if needed, adjust its actuators.




4. End-User Applications


Intuitive and user-friendly applications [13] were designed and developed targeting PCs, tablets, smartphones (Figure 1b), and other technologically-enhanced artifacts (e.g., billboards, smart TVs, the smart refrigerator of the Intelligent Home [14]) so as to enable remote and on-site management of multiple dispersed greenhouses and seedbeds. The applications satisfy the requirements A-H mentioned in Table 1 and deliver personalized content, keeping in mind the characteristics and needs of each user. Additionally, following the advancements in the domain of Mixed Reality (MR), and considering their benefits towards PA, the mobile applications foster such technologies so as to offer advanced visualizations regarding the greenhouse’s conditions. For example, the application features a simulation tool that offers an animated visualization of the plant growth (Figure 1c).




5. Conclusions and Future Work


Currently, the end-user applications are accessible via a PC in the greenhouse’s storehouse. Through that PC, the in-house agronomist is able to monitor and control the greenhouse, as well as analyze the collected data, so as to suggest automations and improvements in the system’s decision-making logic. In the past five months, the AmI Seedbed undertook the tasks of automatically (i) planting several pots with cucumber seeds (which are of great importance for the local (Cretan) agricultural economy), (ii) capturing an image of each pot to calculate the seedlings’ growth stage according to the percentage of their leaf area, and (iii) irrigating them on a daily basis. Each column of the seedbed was irrigated with a different amount of water, starting from 0 mL and ending at 18 mL, so as to investigate the optimal amount of irrigation. The latter revealed that 4–6 mL of water per day lead to normal grown seedlings up to the stage of four leaves and a height of approximately 120–140 mm. Next, the young cucumbers were transplanted into the greenhouse, where the intelligent infrastructure was used to reach optimal internal conditions (i.e., temperature, humidity, and soil moisture) automatically. The results were quite positive, and we were able to harvest almost 100 kg of cucumbers out of a net cultivation area of 2 m2 (nine plants distributed in two rows 1 m away, and a 40 cm gap between each plant). Regarding future work, we are planning a full-scale user-based evaluation with the participation of agronomists, professional farmers, and hobbyists so as to assess the UX, while apart from improving the current infrastructure, we are already investigating the potentials of AmI in open-area fields.
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Figure 1. (a) AmI Seedbed and Intelligent Greenhouse, (b) snapshots of the web applications, (c) AR plant growth simulation. 
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Table 1. High-level requirements.
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	Intelligent Greenhouse
	AmI Seedbed
	Common





	
	
Detailed information regarding the cultivated plants



	
Detailed information regarding the interior/exterior conditions



	
Remote and on-site monitoring of one or more greenhouses



	
Remote and on-site management of any controllable equipment



	
Remote and on-site access to details for pending activities



	
Automations



	
Context-sensitive guidelines for planting/caring/harvesting plants



	
Notifications and warnings





	
	I.

	
On-demand dibbling and planting of seeds




	J.

	
Precise irrigation of the seedlings on a daily basis




	K.

	
Daily image capturing




	L.

	
Measurement of air temperature and humidity






	
	M.

	
Collaboration between farmers and agronomists




	N.

	
Intercommunication with other IEs




	O.

	
Natural and intuitive interaction
















 





Table 2. The technological infrastructure of the Intelligent Greenhouse.
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	Sensors
	Actuators
	Custom-Made Artefacts





	
	
Soil moisture and soil temperature sensor



	
Solar radiation sensor



	
Internal air temperature sensor



	
External weather station



	
Fruit weight sensor (custom-made for climbing vegetables)



	
IP cameras





	
	
Roof window



	
Door



	
Fan for air circulation



	
Irrigation valves



	
Grow lights



	
Work lights





	
	
Control panel embedding a touchscreen, a LED display, metal buttons, flip switches, IR receiver, and an NFC reader
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