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ABSTRACT

This paper describes the functional structure and interface requirements between functional elements
constituting the indoor smart cultivation system, and aims to define items such as specific metadata between
related functional elements in the future. The indoor smart cultivation system is a collection of devices that
can monitor and manage environmental information such as CO2, temperature/humidity, EC, and pH, and
remotely monitor and manage the operation and growth environment of the cultivation system through a PC or
mobile app. When a user remotely accesses the integrated management system using a mobile app or PC, it is
linked with the cultivation operation system to monitor crop cultivation environment settings, control the

actuator, and register and manage the related cultivation history.
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Table 1. Sensor node management information

Division Key information provided

Sensor node identifier
Identifiers of sensors included in
the sensor node

Sensor node
configuration
information

Sensor identifier
- Sensor type
Sensor data type
Collection type

Sensor node

property - Collection cycle
information | - Upper and lower limit of sensor
value
- Precision
- error range

- Sensor node’s onboard software
serial number and version
information

Integrated controller ID

Sensor node identifier

- Node initialization state

- Node monitor mode

Sensor node | - Node monitor values

operation - Number of communication failures
status - Number of service failures
information | - Sensor identifier for each sensor

connected to the sensor node
- Sensor type
Sensed value
- Sensor status
Initialization state
Sensor monitor mode
- Sensor monitor value
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Table 2. Actuator node management information

Division Key information provided
Actuator . .
- Actuator node identifier
node i . .
. - Identifiers of actuators included in
configuration
i K the actuator node
information
Actuator
node - Actuator identifier
property - Actuator data type
information
- Actuator node’s onboard software
serial number and version
information
- Integrated controller ID
- Actuator node identifier
- Node initialization state
- Node monitor mode
Actuator .
- Node monitor values
node L. .
. - Number of communication failures
operation . .
- Number of service failures
status . o
. . - Actuator identifier for each atuator
information
connected to the actuator node
- Actuator type
- Actuator value
- Actuator status
- Initialization state
- Actuator monitor mode
- Actuator monitor value
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Table 3 Integrated controller management information

Division Key information provided
- Sensor node identifier and actuator
node identifier connected to the
Integrated .
integrated controller
controller i . .
. . - Identifiers of sensors included in
configuration . e
. . each sensor node and identifiers of
information . .
actuators included in each actuator
node
- Manufacturing serial number
Integrated . .
- Operating system type and version
controller .
- Memory size
property
information | ~ Power type
- SW version
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- Integrated controller ID controller
- Mounted platform (MCU, etc.) and - Sensor identifier and status
software serial number information for each sensor node
Integrated - Initialization information of - Actuator node identifier and status
controller communication module for each information in the integrated
operation driver node and sensor node controller
status - Initialization information of sensors - Actuator identifier and status
information and actuators information for each actuator node,
- Error recognition status when it occurs
- Overcapacity outstanding status - Video device identifier and status
information information
- Integrated controller identifier
3.4 THHHSUAIAE 21| M - Sensor node identifier in integrated
—= = i controller
Al Al Hle 1 49} 22 ARE F#] A=]s} Cultivation | - Driver node identifier in the
), sl A2 A £ o3 AR operating iSntegrate:g co.1f1“trollerd . |
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Table 4. Cultivation operation system management
information
Division Key information provided
Cultivation . .
. - Integrated controller identifier and
operating ; Lo .
configuration information
system . Lo ™
. . - Video device identifier and
configuration . L .
. . configuration information
information
Cultivation - Cultivation operating system
operating identifier
system - Operating system type and version
property - Memory size
information - SW version
Cultivation - User ID uniquely assigned to each
operation cultivation operating system (plant
system uer cultivator)
information - User-changeable password
Cultivation - Cultivation operating system
operating identifier
system - Integrated controller identifier and
operational status information
status - Sensor node identifier and status
information information in the integrated

Crop recipe

System setting information for
each crop growth environment
management (crop ID, temperature,

information humidity, CO2 concentration,
actuator operation time, etc.)
Cultivation - Agricultural (observation) journal
operating registration time and final revision
system time
cultivation - Author name
history - Total length of the journal
information - Journal text content
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Table 5. Integrated Management System Management
Information

E 6. A1t AlA k= 7 <lEde]x 71e
Table 6. Interface function between integrated controller
and sensor node

Division Key information provided
Integrated o .
- Cultivation operation system
management . o .
identifier and configuration
system . . . .
. . information for each interlocking
configuration . .
. . indoor cultivator
information
Integrated - Integrated management system IP
management information
system - Operating system type and version
attribute - Memory size
information | - SW version
Integrated
management
system - Cultivation operation system
operational operation status information
status
information
User - User ID and type (master user,
information general user, etc.) information

System setting information to
provide optimal growth environment

Crop recipe for each crop (crop ID,

Information temperature, humidity, CO2
concentration, actuator operation
time, etc.)

Environment | - Environmental information history

al history measured by sensors for each

information indoor cultivator
Growth - Measurement information and image

history history of cultivated crops for each

information indoor cultivator
- Actuator operation history for each
Setup and . p 4
indoor cultivator
control .
. - Alarm occurrence history
history Set value change histo
information & Y

- User access log
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. . . . Interface
Division Key information provided ..
direction
- Connection establishment
. Sensor
Connection request when the sensor
. . node —
setting node is booted (when
. . . Integrated
function power is on or when it
. controler
recovers from a failure)
. Integrated
Operational &
- Request sensor node controller
status .
. . operation status -
inquis . .
9 ‘ry information Sensor
function
node
. Integrated
Environment
. . - Request for controller
information . . .
L environmental information | —
inqui
q .ry measured by the sensor Sensor
function
node
Operational .. Sensor
- Transmission of sensor
status . node —
. node operation status
notification . . Integrated
X information
function controller
Environ-
Sensor
mental .
. k - Sensor node environment | node —
information . .
e . information transfer Integrated
notification
. controller
function
Integrated
e controller
Initialization| - Request sensor node and N
function sensor initialization
Sensor
node
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Table 7. Interface function between integrated controller Table 8. Interface function between the integrated
and actuator node controller and the cultivation operation system
- . . . Interface
. . . . Interface Division | Key information provided -
Division Key information provided L. direction
direction
- Connection establishment
. . . Integrated
. | - Connection establishment Connecti request when the
Connecti Actuator . . controller—
request when the actuator on integrated controller is .
on . node — . . Cultivation
. node is booted (when setting booted (when power is
setting . . Integrated . . management
. power is on or when it function on or when it recovers
function . controller . system
recovers from a failure) from a failure)
. Operatio Cultivation
Operatio Integrated P
nal - Integrated controller management
nal - Request for actuator node controller . .
. status operation status history system—>
status operational status d L . .
L . . inquiry information request Integrated
inquiry information Actuator .
. function controller
function node
Environ L
. Cultivation
Operatio ment
. - Integrated controller management
nal .. Actuator informat . .
- Transmission of actuator . environment history system—>
status . node — ion . .
. . node operation status L. information request Integrated
notificati . . Integrated inquiry
information . controller
on controller function
function .
Operatio
Integrated
nal - Integrated controller,
Integrated controller—
Actuator status sensor node, and actuator L.
controller e . Cultivation
control notificati node operation status
- Actuator control request e . . . management
request on information delivery
. Actuator . system
function function
node
Environ
mental Integrated
. Integrated . - Integrated controller, g
Initializa controller informat controller—
. - Actuator node and actuator . sensor node, and actuator L
tion initializati - o node environment Cultivation
. initialization request e
notificati . . . management
function Actuator information delivery 8
node on system
function
4.3 SO} MEHSBAIAS 7+ QlEfTlO|A Actuator Cultivation
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[e] o
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Table 9. Interface function between cultivation operation
system and video device

E10. Al
Table

10. Interface function between
operation system and the integrated management system

325} B 2 Qesols 7
the

cultivation

. . . . Interface L . . . Interface
Division | Key information provided .. Division Key information provided L
direction direction
. | - Connection setup request | Video Cultivation
Connecti . .. . .
when video device is device— Connecti management
on . . . .
ttin booted (when power is Cultivation on - Connection establishment system—>
se L. .
functifn on or when it is management setting request Integrated
recovered from a failure) | system function management
. . system
Operatio Cultivation
nal - Request for video device | management Overatio Integrated
status operation status history system—> pnal management
inquiry information Video at - Request for operational system—
. . status . . . -
function device inqui status history information | Cultivation
d -ry management
Crop L. function
Cultivation system
growth management
informat | - Request for crop growth s steriﬁ Environ Integrated
. . . . y
ion history information . ment L management
Lo 24 Video . - Smart Cultivation System 8
inquiry . informat . . system—>
. device . Environment History L.
function ion . Cultivation
L. Information Request
. nquiry management
Operatio . .
| Video function system
na . . . .
- Delivery of video device | device—
status . . Integrated
. . operation status Cultivation Growth
notificati . . . management
information management informat
on . - Request crop growth system—
. system on . . . s
function inquir history information Cultivation
u
. ,y management
Crop function
X system
growth Video
informat . device— Environ .
. - Delivery of crop growth I Cultivation
ion . . Cultivation mental . .
. . information . - Delivery of environmental | management
notificati management informat . .
) information measured and | system—
on system on . .
. e collected in the indoor Integrated
function notificati ..
on smart cultivation system management
Cultivation . system
Initializa management function
n . .
. - Video device g L
tion R system—> Growth Cultivation
. initialization request . .
function Video informat . management
. . - Transmission of crop
device ion . system—>
. growth history
notificati . . Integrated
on information management
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