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Recommendation ITU-T Y.4495

Requirements and a reference model of data for smart greenhouse service

Summary

For data interoperability, Recommendation ITU-T Y.4495 defines requirements and a reference model
of data for smart greenhouse service.

Smart greenhouses have improved productivity by controlling the growing environment of crops. The
demand for data-based smart greenhouse services has been increasing, as the importance of converged
agricultural services (autonomous farm control, pest control, etc.) based on big data is emphasized.
Accordingly, the data generated and consumed by loT devices in the smart greenhouse have been
increasing continuously.

In order to efficiently manage and analyse vast amounts of data and create various services based on
the analysed data, a standardized data model for data collection and management system is required.
In particular, compatibility of data generated and consumed by heterogeneous devices must be
guaranteed to ensure interoperability between devices of heterogeneous vendors.

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 1ISO 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 not received notice of intellectual property,
protected by patents/software copyrights, 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 appropriate ITU-T databases available via the ITU-T website at
http://www.itu.int/ITU-T/ipr/.

© ITU 2024

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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Recommendation ITU-T Y.4495

Requirements and a reference model of data for smart greenhouse service

1 Scope

This Recommendation addresses requirements and a reference model of data for smart greenhouse
service including the following:

— Overview of crop-growth related data for smart greenhouse service;

- Requirements of crop-growth related data for smart greenhouse service;
— Reference model of data for smart greenhouse service;

— Use cases of the data model for interoperability.

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.

None.

3 Definitions

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

3.1.1 data model [b-ITU-T J.380.8]: A data model is a formal view of the data items contained in
an information store to which an information service implementing this standard will provide access
and is specified for purposes of formulating and executing queries against the information store's data.
This standard specifies one data model that may be used for querying a logical service's information
store with this standard's "basic query" interface. More complex data models may be specified
independently of this standard and may be queried with this standard's "advanced query" interface.
In this latter case, the mechanisms by which a consumer incorporates a data model specification so
that meaningful queries may be issued against it are outside the scope of this standard.

3.1.2 greenhouse [b-ITU-T Y.4466]: A facility that can control a crop-growth environment (i.e.,
light, temperature, humidity, etc.).

3.1.3 smart farm [b-ITU-T Y.4466]: A group of smart greenhouses under the management of an
administrator.

3.1.4 smart greenhouse [b-ITU-T Y.4466]: A facility that can control the environment of a
greenhouse with minimum human intervention using Internet of things (10T) technologies.

3.1.5 smart greenhouse service [b-ITU-T Y.4466]: A service that enables precision farming
based on a smart greenhouse.

3.2 Terms defined in this Recommendation
None.
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4 Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:
CO2  Carbon Dioxide

CCW Counterclockwise

CW  Clockwise

DMS Data Management System

EC Electrical Conductivity

GNSS Global Navigation Satellite System
pH potential of Hydrogen

ppm  parts per million

RPM  Resolution Per Minute

SG Smart Greenhouse

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.

6 Overview

Smart greenhouses have improved productivity by controlling the growing environment of crops. The
demand for data-based smart greenhouse (SG) services has been increasing, as the importance of
converged agricultural services (autonomous farm control, pest control, etc.) based on big data is
emphasized. Accordingly, the data generated and consumed by 10T devices in the smart greenhouse
have been increasing continuously.

Figure 1 shows a general conceptual diagram of the data flow generated and consumed for the smart
greenhouse service. In the smart greenhouse, a controller collects data from various sensors of
environmental conditions such as temperature, humidity, and CO2 level as well as crop-growth status
indicators like crop height, stem thickness, leaf size, number of flowers, and fruit status. And
according to the analysis result of the collected measurement data, the controller controls various
actuators to adjust the environmental conditions suitable for the crop-growth.

In addition to the measurement data, the smart greenhouse service also requires configuration data
which the user configures on greenhouse or farm facilities such as installation location, structure,
scale, as well as specification data like the use, form, model number, and manufacturer of various
devices installed in the greenhouse. The configuration data also includes user data such as the
information on the user of the farm, smart greenhouses, and data managed for the smart greenhouse
service.

Business data which a user may provide, related to resource input plans for farming, production plans
from sowing to harvest, production, etc. are also necessary as configuration data in order to increase
income. Moreover, a user may provide user data describing the information of the user.

The measurement data and configuration data are managed by a data management system (DMS)

installed for the smart greenhouse, collects and manages all the data collected and caBtcr’agerlnrlrt]tg% ts
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data to the smart greenhouse service provider for more in-depth analysis. The smart greenhouse
service provider analyses the delivered various and vast big data and establishes the optimal operation
model for the smart greenhouse and the optimal growth model for crops based on the analysis results.

In order to provide smart greenhouse services provided by service providers to users as described
above, the collection and analysis of various data must be performed efficiently. This
Recommendation presents requirements and reference models for measurement data and
configuration data for the smart greenhouse service.

NOTE - Data related to crop growth status, operation model, growth model, and business for smart greenhouse
or smart farm management are not under the scope of this Recommendation.
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Figure 1 — Conceptual diagram of data flow for smart greenhouse service

NOTE - This Recommendation is not applicable to the data with dashed boxes in Figure 1.

7 Requirements of crop-growth related data for smart greenhouse service

Crop-growth related data used in smart greenhouses can be classified into two categories, which are
configuration data and measurement data. Configuration data are used to identify a farm, smart
greenhouses in the farm, and devices or equipment used in the smart greenhouses and specify their
characteristics. The configuration data are set by a data administrator. Measurement data are used to
collect and analyse the environmental status of smart greenhouses and the status of devices installed
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in the smart greenhouses. The measurement data can either be collected by sensors in the smart
greenhouse or provided by external data providers.

7.1 General requirements

To properly utilize the crop-growth related data, two categories of data need to have a relationship.
For example, the configuration data including the shape of the greenhouse and device installation
information, and the measurement data including environmental status information are considered
together for the status of the smart greenhouse during a specific period in the past. Thus, each data
needs to have information showing the relationship with other data, and it needs to be distinguishable.
The crop-growth related data also need to have temporal and spatial information for precise analytics.
The temporal information provides the time value such as the time when a specific configuration is
set or when a sensor reports the sensing value. The spatial information provides the value indicating
the location of the entities including a smart greenhouse, device or sensor installed in the smart
greenhouse. The crop-growth related data can be used by various users such as administrators,
farmers, data analysts, etc, and each user needs a different type of authority. As an example, an
administrator can create and update configuration data, while a farmer can retrieve part of the data.
Thus, each crop-growth related data needs to have authority information regarding the user type.

Crop-growth related data used in smart greenhouses have the following general requirements:

— Crop-growth related data are required to be stored and managed by a data management
system (DMS) supporting create, retrieve, update, and delete operations;

— Crop-growth related data are required to include temporal and spatial information;

- The temporal information is required to be presented by the time in year, month, date, hour,
minute, second, and subsecond (if supported);

- The temporal information is required to be presented by supporting various resolutions;

— The temporal information is required to be presented in a specific format such as
yyyy/mm/dd/hh/mm/s;

- The temporal information is recommended to conform to the time notation which DMS uses;

- The spatial information is required to be composed of absolute position information and
relative position information;

- The spatial information is required to represent the position in a 2-dimensional space and 3-
dimensional space;

— The spatial information is recommended to include absolute position measured by equipment
such as global navigation satellite system (GNSS) and relative position set representing
relative direction and distance from the reference position set by the administrator;

— Crop-growth related data are required to have an identifier which may conform
[b-1TU-T X.667];

— Crop-growth related data are required to have the authority information to access, use, and
administer the data.
7.2 Requirements of configuration data

Configuration data provide information about smart greenhouse configuration and it is set and used
by a data administrator such as an owner of the smart greenhouse. Configuration data are merely
changed after initial configuration. Configuration data are composed of farm data, greenhouse data,
device data, device installation data, and user data.

7.2.1 General requirements
Configuration data have the following general requirement:
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