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Recommendation ITU-T Y.4466

Framework of smart greenhouse service

Summary

A smart greenhouse service enables precision farming with the help of Internet of things (1oT)
devices (such as sensors and actuators) installed in a smart greenhouse. A smart greenhouse service
collects information about both the environment and crop-growth status and then analyses the
information to produce an optimal growth model for each crop. With the optimal growth model, a
smart greenhouse service can maximize agricultural productivity and improve crop quality. In
addition, it can enhance user convenience.

To describe a smart greenhouse service framework, Recommendation ITU-T Y.4466 specifies
requirements, a reference model, a functional architecture and interfaces for a smart greenhouse

service.

History
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2020

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.

Documents
i Rec. ITU-T Y.4466 (01/2020) Document Sharing Hub

Full document details: ITU-T Y.4466 2020


http://www.itu.int/ITU-T/ipr/
http://www.avadocuments.com/doc/itu-t-y-4466-2020
http://www.avadocuments.com/doc/itu-t-y-4466-2020

Table of Contents

Page

1 ST ol0] o[- PP UPRUPRRTPIN 1
2 RETEIBNCES. ... ettt ettt e b e e e ste et e sre e re et 1
3 DETINITIONS ...t bbbttt b e bbb b 1
3.1 Terms defined EISEWNEIE ... 1

3.2 Terms defined in this Recommendation............ccccovevveiinienieenine e 2

4 ADDreviations and aCTONYMS .......ccviieiieie e ese e e e sre e re e sreesaeenee e 2
5 000 11771 o1 £ ] SO PRRPRPPRTRT 2
6 OVBIVIBW. ...ttt bbb bbbttt bbbt bt be e st e e ettt be st 3
7 Requirements of smart greenhoUSe SEIVICES.........ccoieierierieriniesieeeeee e 5
7.1 Requirements of Smart greenhouUSE ...........coccoveriiiiininieee e 5

7.2 Requirements of SG Service Provider...........ccccoeiiiiiinieiieieie e 5

7.3 Requirements 0f SG SEIVICE USEN .......c.ccveieerieiieiieieseesieesie e sre e see e 6

SG service reference MOel ..o 6

SG service fuNCtional arChiteCtUNE.........c.ovveiiiiiirieee e 9

9.1 SG $eNSING FUNCLION......cciiiiiic e 10

9.2 SG actuating fFUNCHION .......ccveiieiice e s 10

9.3 SG CONLrOl FUNCHION ... e 11

9.4 SG 0peration TUNCHION..........coviiiiiieierere e 11

9.5 SG Integration FUNCION .......ccooiviiiiiiieeee e 12

9.6 SG management fUNCLION .........cccouiiiiieee e 12

10 Interfaces for smart greenNOUSE SEIVICE .........coeiiiiiieieieie e 13
11 SECUTItY CONSIABIALIONS ......ecvieiieie ettt sre e ra e e e 14
Appendix | — Use cases of SMart greenNOUSE .........coovvieiiiiiiie s 15
Appendix Il — Example of optimal growth models..............cccooveviiiiiicii e, 17
1.1 Example 1: The optimal growth model for tomatoes..............ccccevevvviiveieennnne 17

1.2 Example 2: The optimal growth model for watermelon ...............ccccoveeenie 17

1.3 Example 3: the optimal growth model for paprika............cccoceveveniinieiininnnns 17

1.4 Example 4: the optimal growth model for strawberry............ccccocvvviniinnnne 18
BIDHIOGIrAPNY ... et re e 19

Documents

Rec. ITU-T Y.4466 (01/2620)"nt Shjing Hub

Full document details: ITU-T Y.4466 2020


http://www.avadocuments.com/doc/itu-t-y-4466-2020
http://www.avadocuments.com/doc/itu-t-y-4466-2020

Documents

Document Sharing Hub

Full document details: ITU-T Y.4466 2020


http://www.avadocuments.com/doc/itu-t-y-4466-2020
http://www.avadocuments.com/doc/itu-t-y-4466-2020

Recommendation ITU-T Y.4466

Framework of smart greenhouse service

1 Scope
This Recommendation describes a framework of a smart greenhouse service for precision farming.

The scope covered by this Recommendation includes:
— overview;

— requirements of each service entity;

— reference model and functional architecture;
— interfaces between service functions.

Use cases of a smart greenhouse service and examples of optimal growth models are also provided
in Appendix | and Appendix Il respectively.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T Y.4000] Recommendation ITU-T Y.4000/Y.2060 (2012), Overview of the Internet of
things.

3 Definitions

3.1 Terms defined elsewhere
This Recommendation uses the following terms defined elsewhere:

3.1.1 device [ITU-T Y.4000]: With regard to the Internet of things, this is a piece of equipment
with the mandatory capabilities of communication and the optional capabilities of sensing,
actuation, data capture, data storage and data processing.

3.1.2 Internet of things (loT) [ITU-T Y.4000]: A global infrastructure for the information
society, enabling advanced services by interconnecting (physical and virtual) things based on
existing and evolving interoperable information and communication technologies.

NOTE 1 — Through the exploitation of identification, data capture, processing and communication
capabilities, the 1oT makes full use of things to offer services to all kinds of applications, whilst ensuring that
security and privacy requirements are fulfilled.

NOTE 2 — From a broader perspective, the IoT can be perceived as a vision with technological and societal
implications.

3.1.3 application [b-ITU-T Y.2091]: A structured set of capabilities, which provide value-added
functionality supported by one or more services, which may be supported by an API interface.

3.14 sensor [b-ITU-T Y.4105]: An electronic device that senses a physical condition or
chemical compound and delivers an electronic signal proportional to the observed characteristic.
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3.1.5 actuator [b-ITU-T Y.4109]: A device performing physical actions caused by an input
signal

3.2 Terms defined in this Recommendation

This Recommendation defines the following terms:

3.2.1 greenhouse: A facility that can control a crop-growth environment (i.e., light, temperature,
humidity, etc.).

3.2.2 optimal growth model: A recipe to set an environment to maximise crop productivity as
well as quality according to the life cycle.

3.2.3 smart farm: A group of smart greenhouses under management of an administrator.

3.24 smart greenhouse: A facility that can control the environment of a greenhouse with
minimum human intervention using Internet of things (IoT) technologies.

3.25 smart greenhouse service: A service that enables precision farming based on a smart
greenhouse.

4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:

loT Internet of Things

SF Smart Farm

SG Smart Greenhouse

SGA Smart Greenhouse Actuating
SGC Smart Greenhouse Control

SGI Smart Greenhouse Integration
SGM Smart Greenhouse Management
SGO Smart Greenhouse Operation
SGS Smart Greenhouse Sensing

5 Conventions

The following conventions are used in this Recommendation:

- The keywords "is required to" indicate a requirement which must be strictly followed and
from which no deviation is permitted, if conformance to this Recommendation is to be
claimed.

— The keywords "is recommended™ indicate a requirement which is recommended but which
is not absolutely required. Thus, this requirement need not be present to claim
conformance.

— The keywords "can optionally" indicate an optional requirement that is permissible, without
implying any sense of being recommended. This term is not intended to imply that the
vendor's implementation must provide the option and the feature can be optionally enabled
by the network operator/service provider. Rather, it means the vendor may optionally
provide the feature and still claim conformance with the specification.

— The keyword "function” is defined as a collection of functionalities. It is represented by the
following symbol in this Recommendation:
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[ Function 1

— The keyword "functional entity" (FE) is defined as a group of functionalities that has not
been further subdivided at the level of detail described in this Recommendation. It is
represented by the following symbol in this Recommendation:

Functional
Entity (FE)

NOTE — In the future, other groups or other Recommendations may possibly further subdivide these FEs.

Frame borders of "function” and "FE", and relational lines among "function™ and "FE" are drawn with solid
lines or dashed lines. The solid lines mean required functionalities or relations. On the other hand, the dashed
lines mean optional functionalities or relations.

6 Overview

In order to improve crop production and quality and to control the production period, it is necessary
to have an isolated space which can control environment conditions (i.e., humidity, temperature,
and light intensity). To provide this isolated space, the greenhouse came into existence; a
greenhouse is a structure with walls and roof made chiefly of transparent materials in which a crop
cultivation environment can be controlled.

NOTE — A greenhouse can be used to overcome the problems accompanied by the growing season and land
space.

However, traditional greenhouses exhibit the following shortcomings:
— Users are necessary to control the crop-growth environment manually for better harvesting.

- Users have to monitor the crop-growth environment continuously and then adjust the
environment to meet specific conditions.

— User's lack of experience may necessitate undergoing a lot of trial and error in cultivating
crops.

To overcome these shortcomings, various Internet of things (10T) technologies are applied. Based
on a number of collected sensing data, the crop-growth environment can be intelligently adjusted to
meet optimal conditions for cultivating crops. To differentiate a greenhouse with 10T technologies
from a typical greenhouse, a new term, smart greenhouse, has been introduced. A smart greenhouse
is a greenhouse using 10T technologies for stable and efficient crop production. A smart greenhouse
monitors both the environment status and the crop-growth status and controls the crop-growth
environment intelligently and automatically with the help of 10T technologies. A smart greenhouse
enables users to cultivate crops anytime and anywhere, it minimizes user's interventions, labour
costs, energy consumption and fertilizers consumed.

Figure 1 shows a conceptual diagram of a smart greenhouse. A smart greenhouse has the following
features:

— A crop-growth condition is configured according to a specific optimal growth model.
— A controller monitors both environment and crop-growth status using various sensors.
— A controller controls the crop-growth environment using various actuators.
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