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Abstract :Agriculture is the most significant industry directly
related to human survival. However, the reduction of the labor
force according to the continuous decreasing population and
aging population brings a decrease in productivity. A smart farm
networking system can be an alternative solution to solve these
problems. Due to lack of interoperability and scalability, however,
many smart farm systems are not sufficiently suitable to be
utilized in a real field and a market. This paper proposes a
structure of scalable and configurable 1/0 module interface for
the smart farm control system. The proposed smart farm interface
makes easy to extend sensor-actuator interface modules which are
used for interfacing between sensor-actuator and the main
controller, from which the scalability and interoperability can be
gained. Also, Sensor data (Digital, Analog) can be easily obtained
and the actuator data (PWM, Direction, On/Off) can be controlled
regardless of its interface. The interface module can be easily
added on the main controller, so additional functionalities to be
able to support various sensor and actuator can be easily merged.
These advantages are obtained by using local Modbus protocol
between the sensor-actuator interface modules and the main
controller. The sensor-actuator interface module is designed to
divide into two parts; one is the communication parts with the
main controller, and the other is the control part for sensors and
actuators. With this structure, acquiring data from sensor data
and/or sending control data to the actuator can be done
independently with the main controller. An operation of sensors
and actuators which are connected to the sensor-actuator
interface module can be asynchronously done by using shared
local registers. From the proposed structure, it is possible to
provide configurable interfaces with the scalability using the
modular sensor-actuator interface structure under the various
environments that are needed to control the smart farm system.

Keywords: Smart Farm, Configurable structure, Sensor
interface, Actuator control, Scalable interface, Modbus, 10T
interface

I. INTRODUCTION

With the current technological advances, the incorporation of
Information and Communications Technology (ICT) is
getting more accelerated for the improving productivity and
the facilitating management in various industries such as the
automobile, factory, health, and city.
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In agriculture and livestock, advanced technologies such as
10T (Internet of Things), Al (Artificial Intelligence), and big
data are developed with convergence. A smart farm system
can be used for assisting the growing of crops and of livestock
as maintaining an optimal environment. Based on the
acquired data from sensors, the smart farm system can
maintain an environment being suit to livestock or crops. For
example, based on the acquired data from the pre-equipped
sensor on the system, it is possible to automatically and
remotely

control actuators such as a nutrient solution irrigation system,
ventilation fan, chiller/heater, and motor for side windows.
Like this, controllability of actuators depending on sensor
data makes maintaining certain environment possible. With
this, problems which are caused by the shrinking labor force
and by the increasing needs to improve the productive
capacity can be alleviated.

Under this situation, the smart farm will be the best choice as a
solution. The smart farm solution can be used for not only
factory farms but also helping cultivation. To become
important to develop the smart farm system as a solution for
agricultural problems, the development of loT-based smart
farm system is advanced in various areas.

For instances, the 10T based system for ginseng cultivation
and recording its history information was designed and is
utilized in a real field [1]. An intelligent management system
for a fuzzy logic based automated irrigation system in the
greenhouse has been studied and developed [2]. Using this,
the amount of water absorption would be estimated depending
on the irrigation model, the characteristics of the environment
of its greenhouse, and the condition of the soil. A greenhouse
temperature and humidity control algorithm based on direct
Fuzzy logic controller were designed, tested and implemented
[3].

And, the study for creating a cultivation environment under
the harsh environment has been performed using smart
cultivation system [4]. Monitoring has been performed with
the measured sensor data from distributed sensors using
wireless sensor network [5]. An integrated environmental
management system has been designed as building a sensor
network for controlling the indoor environment. Actuators are
remotely controlled depending on measured sensor data. With
this, the greenhouse can be managed without the limits of time
and place [6].
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Using a pressure sensor and a rain sensor, an loT technology
has been applied on the rooftop of the greenhouse for
preparing for natural disasters such as heavy rain and heavy
snow [7]. loT based platform that can automate
environmental, soil, fertilization and irrigation data collection
is proposed [8]. From this study, in order to automatically
correlate the data obtained from the platform and to evaluate
the performance of the crops, they filtered out the wrong data
and calculated the crop forecasts for individual farms and
individual crop recommendations.

Not only in agriculture but also in livestock, many studies are
underway. To monitor and to manage the swine housing,
CCTV and USN sensors which are used for gathering sensor
data such as illuminance, humidity, temperature, and
ammonia gas, etc. are installed inside and outside of the
facility. Using this system, the growing conditions of
livestock can be controlled and managed remotely [9].

A system consisting of the physical layer for information
gathering and environmental control of livestock farm,
application layer that provides the service, and a middle layer
that supports communication between physical layer and
application layer and maintains best breeding environment
through control of device has been proposed and tested for
system verification [10].

Although many such studies have been carried out, most of all
systems are hard to be standardized because most systems had
been designed with no consideration of integration with other
devices [11]. Also, systems are developed depending on the
characteristics of pre-specified sensors and actuators, which
make difficult to use other new or improved devices. If the
company who provides the smart farm services decides to
stop to support their system anymore, then the customer
service also is not available anymore. So, it needs to develop
the system with consideration of its scalability and
compatibility.

This paper proposes a sensor-actuator interface structure with
scalability and compatibility.

1. STRUCTURE OF MODULE INTERFACE

The smart farm system is used for maintaining a certain
environment as monitoring and controlling various devices.
To support this system, various sensors and actuators are
needed. However, in the meantime, already developed
sensors and actuators are differently controlled because most
interfaces are different. So, it is not easy to integrate them into
one system. With this low scalability and compatibility, a data
converter which can interface them each other should be
needed. The sensor-actuator interface module is proposed as
the data converter. The data converter is used for converting
from the protocols with different interfaces to one protocol.
For instance, the acquisition data from various sensors which
provide various signal type such as digital, analog, or network
interface will be converted to being fitted with common local
bus data. Then, it can easily gather the sensor data using only
the common data protocol. Like this, to solve existing
problems, the data transmission protocol and the interfaces
between sensors/actuators and the main controller can be
standardized. However, standardization is not sufficient. This
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paper proposes the design of a sensor-actuator interface
which is able to easily extend and integrate to the other
system. Using this module, manufacturer and system manager
provide their system as enabling to independently choose
sensors and/or actuators and to install. This will result in
establishing an environment in which to choose
sensors/actuators to achieve economic feasibility and
profitability.

2.1Input-Output Interface

Currently, the standardization of devices for the smart farm is
on the advance, but there are still no clear criteria. Therefore,
in order to make possible to utilize various sensors/actuators
in one system, it is necessary to support various types of input
and output interfaces.

The sensor-actuator interface module supports multiple ports
for sensor/actuator, and the number of multiple ports is
supportable depending on the provided microprocessor by its
specification.

The supported sensor input type is digital, analog and other de
facto data stream, such as Inter-Integrated Circuit (12C),
Modbus, etc. Especially for analog sensors, the accuracy can
be controlled depending on the limitation value of supported
voltage and current. Generally, it will be supported above the
12bit Analog-to-digital converter (ADC).

Actuators have to support diverse control methods depending
on the specification of the actuator. For examples, irrigation
fan or lights are easy to control because it is available to
control only using turn-on and turn-off signal. But motors
used for a hinged window and/or sunshade are complicated
because they need to control the direction and speed of
rotation. The rotation direction and speed control could be
performed by various methods. And to control the dimming of
lights is needed. Therefore, it should support most of the
possible control method for various actuators.

Table 1 1/O interface

Interface Remarks

Analog Input 12bit

Digital Input Local data format
PWM Output Speed control with

PWM Output +/- Direction control

Digital Output On/Off control with
Digital Output +/- Direction

Dimming Light

2780 & Sciences Publication

In table 1 has specified the supported input and control
method of output. As an input, digital sensor and analog
sensors can be support both, and various control methods also
can be supported such as on/off, on/off with direction, PWM
(Pulse Width Modulation) for speed control, and PWM with
direction. Which involves encoding a control data into a
pulsing signal. Its main use is to allow the control of the power
supplied  to  electrical
devices, especially to inertia
loads such as motors.
Otherwise, the motor speed
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will be controlled by digital output. Especially for the analog
sensor, both the current signal and the voltage signal could
also be measured.

2.2Connection structure

Sensors and actuators which are equipped at the smart farm
system can be chosen depending on the optimal environment
for crops and livestock. Depending on its necessary condition,
a sensor or actuator can be added or deleted. To support this,
the scalability should be guaranteed. Figure 1 shows the
connection structure of the sensor-actuator interface module
with the main controller. The sensor-actuator interface
module can communicate the sensor-actuator interface
module with the main controller via the local Modbus
protocol. The equipped sensors and actuators on the
sensor-actuator interface module are configured by using the
Modbus protocol. It means that the functionality which the
command can be performed by using the pre-defined
command in Modbus protocol is supported.

Modbus

1]

Sensor/ Actuator
Interface Module

F
i1

[ Sensors

¥ ..
‘1 .

Actuators

Interface Module

L JT I I
[

[ Sensor/Actuator |

Sensors Actuators

Figure 1 Architecture of Sensor-actuator Interface
Module
Therefore, the sensor/actuator can be controlled
corresponding to predefined functionalities, which guarantees
the extensibility for the sensor/actuator addition. With a
result, available functionalities can be standardized by using
the Modbus protocol. It is usefully used for communicating
the sensor-actuator interface module with the main controller.
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Motion Indoor motion detection

Rain Outdoor weather environment
Wind direction Outdoor weather environment
Wind speed Outdoor weather environment

Load cell Growing bed weight measurement

Sensor types can be added as needed, so the proposed
structure has the configurable characteristic which can
classify according to the sensor model.

2.3Device attributes

Each sensor or actuator has its own characteristics depending
on the type, so each should be determined before connection
by a software setting.

The connection and operation of sensor and actuator can be
configured using the characteristics shown in table 3, which
can be done through the main controller. Therefore, when the
sensor type or connection is added, deleted or changed, a
dynamic sensor configuration is possible by changing the
software setting after the hardware connection.

The characteristic elements related to a sensor are as follows.

Table 3Attributes for sensor configuration

Attributes Set Value

ID Unique ID

Mode Demand/Periodic/Once
Interval Milliseconds

Type Sensor type

Interface Digital/Analog/Modbus.
Model Model number

Address Modbus/I2C address
Offset Connection offset
Timeout Max. read time

Report mode Simple/All

There are many sensor types in the smart farm system, but the Resolution
following sensor types are supported in the proposed Level Voltage/Amp. level
structure.
Range low Low value
Table 2 Sensors for the smart farm system Range high High value
Sensor type Remarks Enable EnablelDisable
Temperature Indoor and outdoor temperature
Humidity Indoor humidity 1. 3.CONTROL SOFTWARE
o To ensure the compatibility and scalability of the various
co2 Indoor carbon dioxide sensors and actuators that are installed in the smart farm, the
DO Dissolved oxygen of nutrient sensor actuator interface module must be able to control the
solution sensors and actuators independently of the main controller.
EC Electrolysis of a nutrient solution This paper proposes the most useful 'holding register' among
various kinds of registers
PH The acidity of nutrient solution provided by Modbus in order
Photo Illumination, intensity to enable each sensor and
actuators to operate
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independently from the main controller.

The main controller can control the sensor actuator interface
module through an internally determined message. The
message between the main controller and the sensor actuator
interface module is designed in the form of an abstract
message about the type of the sensor and the operation of the
actuator, not the command dependent on each sensor or
actuator, thereby ensuring compatibility.

In the sensor actuator interface module, the process of the
message and the operation process of the sensor and the
actuator are designed to be separated.

To be able to do this, holding registers which are the highest
usability in Modbus protocol will be used. The holding
registers are shared for the message processing and
sensor/actuator control.

Messages from the main controller are written to the holding
registers and the sensor actuator interface module periodically
checks the holding registers. The identified command is
processed independently by the sensor actuator interface
module and the processing

[ Configuration Management ]

‘ ¢
Register
Interface
Operation
Data

Sensors Device
Message Driver

Processing

Bus Driver

AT 1endia/doeny

Figure 2 SW structure of Sensor-actuator Interface
Module

result is written to the holding register.

This process allows the sensor actuator interface module to
run independently and asynchronously with the main
controller, ensuring the scalability and compatibility of each
device.

3.1Software structure

Figure 2 shows the software structure of the sensor-actuator
interface. It is composed that the message processing part,
system configuration part, and 1/0 controlling part. The
message processing part has two main functionalities; one is
for communication between the main controller and the
Modbus driver, the other is for recording processed data from
the message to the holding register.

Holding register addresses are preallocated depending on
each action/or command. So, when some command is
transmitted to the sensor-actuator interface, that command is
updated at the corresponding register. And the command will
be performed by checking the value of the corresponding
register. The system configuration part is used for setting
sensor/actuator information such as storing, setting, and
deleting, etc. This is asynchronously performed referred to
Modbus holding register. The controlling part is performing
the command depending on the set-up information from the

Retrieval Number G6399058719/19©BEIESP

2782

main controller, and also interfacing with sensors and
actuators connections.

3.2 Functional Register Construction

The command from the main controller is performed via the
corresponding holding register in the sensor-actuator
interface. One or more action should be referring to one or
more holding register field values for performing one specific
command. Table 4 shows the construction of holding
registers. The function of each holding register is described
below, which are not intended for the whole functions but
only for the main part.

Table 4 Holding Register components construction

Function R/W Remarks
SCU R/W Sensor Configured/Updated
ACA R/W Actuator Configured Active
SS R System Status
ADDR R/IW Modbus address
e w S ot
Acqw ot Confgstn
w System Configuration Request
RIW Baud rate
R/IW Timeout
SYSCQ R/W Set Date-time
W Force Reset
w Program update
w Force Factory Default
AOC w Actuator Operating Command
ACI RIW Actuator_Configuration
Information
RIW Sensor C_onfiguration
scl Information
R/W Measurement time
SRI RIW Sensor Reading interval

3.2.1Sensor Configured/Updated
15 8 7 0

Updated Configured

Figure 3 SCU register Configuration

The main controller should check the status of all connected
sensor at the sensor-actuator interface module. The upper bits
indicate the update status. And the lower bits indicate the
status of the sensor. Before doing any actions related to the
sensor, the status of the sensor at that index and whether it has
been updated or not should be checked. This allows the main
controller to synchronize the measured data.
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3.2.2Actuator Configured Active
15 g8 7 0

Active Configured

Figure 4 ACA register Configuration

As shown in Figure 4, the upper bits of the ACA register
indicates whether the actuator is active or not. And, lower bits
of the ACA register indicate whether it is configured or not.
And, as described above, before doing any actions related to
the actuator, it should be checked whether not only the
actuator is active or not, but also the actuator is configured or
not. This register allows the main controller to check and
synchronize the connection and operation of the actuator
connected to the sensor actuator interface module.
3.2.3System Status

15 8 7 0

System Status

Figure 5 SS register Configuration

System status register indicates the status of the
sensor-actuator interface module. Because each module
operates independently, the status information of each module
must be verified. The status of each module can be checked
through the value of this register.

3.2.4Sensor Configuration Request/Ack.

15 8 7 3 0

Model Sensor Ack. |Sensor Num.

Model Interval

Type
Figure 6 SRQ register Configuration

The holding registers for sensor configuration request and
acknowledge is defined in Figure 6. To be able to support
various sensors, many kinds of sensors should be available to
set depending on its type. When to configure their new sensor,
the main controller sends a request message to be set-up the
sensor. In the message, required sensor information such as
model number, sensor number, interface of the sensor, type of
sensor, and the reading interval is enclosed. This will be
processed in the message processing unit in the
sensor-actuator interface. Then, the sensor related required
information will be stored in the appropriate holding register.
And, this holding register will be referred for acknowledge of
the sensor.
3.2.5Actuator Configuration Request/Ack.

15 g8 7 3 0

Model Act. Ack. Act Num.

Dir/Pol Value

Type

Figure 7 ACQ register Configuration

To connect various actuators, the configuration is required
depending on its drive type. The main controller can request
the setting via the register which is shown in Figure 7.
Depending on the location of the port where the actuator is
connected, actuator related information can be configured.
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Actuator related information is composed of actuator mode,
number, type, direction, and polarity.

3.2.6System Configuration Request

Through the system configuration request, the system related
setting information of sensor-actuator module interface will
be configured. the system related setting information can be
composed of a baud rate, timeout, date-time, reset, and
program update factory default reset. Using this information,
the system will be initialized and configured.

3.2.7Actuator Operating Command

15 g8 7 3 0

Command Act. Ack. ActNum.

Figure 8 AOC register Configuration

As shown in Figure 8, the command for driving motor can be
configured. In this holding register, the command value, the
direction, and polarity, and the actuator number should be set
depending on its specification. With this configuration
setting, the actuator which is obtained by the actuator number
can be controlled to determine the direction with command
value between 0 and 254.
3.2.8Actuator Configuration Information

15 g8 7 0
Dir/Pol

Value

Type

Figure 9 ACI register Configuration

ACI register is configured for storing an actuator. To add a
new actuator, ACQ information should be transmitted from
the main controller. And, the transmitted information should
be composed of actuator type, direction and polarity, and the
value. These are referred for driving actuators. If some
actuators are activated and the ‘run' command is transmitted,
then this holding register should be referred for the
confirmation whether this actuator supports the type of
transmitted command. Because actuators are controlled in a
different way. It is specified in their spec-sheet. And, the
supported control type is defined in Table 5.

Table 5 supported actuator type

No Type Interface

1 AC ONOFF Pinl - ONOFF

2 DC_ONOFF Pinl - ONOFF
Pinl - ONOFF
Pin2 - Direction

3 DC_ONOFF_DIR Pinl - CW ON
Pin2 - CCW ON

4 DC_PWM Pinl - PWM
Pinl - PWM
Pin2 - Direction

5 DC_PWM_DIR Pinl - CW PWM

Pin2 - CCW PWM

3.2.9Sensor Configuration Information
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15 8 7 0

Interface Interval

Type

Reserved Model number

Sensor value

Time of Measurement(L)

Time of Measurement(H)

Figure 10. SCI register Configuration
SCI register is used for storing sensor configuration
information which is equipped sensor information.
Many information should be configured like the sensor type
such as temperature, humidity, and CO2, etc., sensor interface
such as digital and analog signal, and measuring interval,
model type which is used for the combined sensor, Especially,
model type is needed for a combined sensor which is capable
of many sensors at on device. For example, some of the CO2
sensors are not only supporting the measuring CO2 value, but
also the measuring humidity and temperature. In this case, to
configure more information is needed for obtaining humidity
using a CO2 sensor. First set the model type as CO2, then set
the sensor type depending for its various sensors.
The Sensor value field has the value from the sensor and is
generally stored as a value with multiple times of values. For
example, the temperature value of 34.5 degrees is stored as a
number of 345, which is ten times higher, so that the increased
precision is supported. Time of Measurement is the time the
Sensor value is gathered and is formatted as the number of
seconds. In table 6, supported sensor interfaces are shown.

Table 6 Supported sensor interface

Interface Remarks

Serial RS-232C, RS-485...
Digital 1/0 Local data format
Analog 1/0 Above 12-bit

12C One-wire

SPI High speed

3.3Software process

This chapter proposes the method of the sensor actuator
interface module to operate independently of the main
controller.

As mentioned above, each sensor actuator interface module
communicates with the main controller using the Modbus
protocol, and several interface modules can be connected to
the main controller. Each module has a unique ID and
receives and processes commands or data transmitted from
the main controller.

Figure 11 shows the overall software process. The software of
the sensor actuator interface module has a two-step process
based on the Modbus holding register to ensure the
independence of each module.

The first step is message processing. At this step, the sensor
actuator interface module receives command or configuration
data from the main controller and writes the data to the
corresponding registers. It also reads the updated register

Retrieval Number G6399058719/19©BEIESP

2784 & sciences Publication

value and sends to the main controller. In this process, sensor
or actuator operations are executed, only message processing
and register read/write operations are executed.

The second step is the operation processing loop. At this step,
the sensor actuator interface module

Message Process [ Messape Callback J————  Main Contoller |
L
Set
| Check Update
i 1 1 i
scu [ aca | ss [ appr | ske [ aco [svsco [ aoc [ sor | acr |
1¥ T I L3
i ! !

| :
c=—=F-——, i F P
| [(register oneek | | [ |R:gisln(‘bcd. i
i ) - ! T H P
. Write Del I ' [

I;___ | Sensorinfo i
| Register i ; L'_]'-_ I
| SetCoufi H ' H !
s J i | ReadSemsor |1 i
P [

F = : N

4 Wiite Register

i i :
| Sensor Data 1,""'1[,",-; i

Figure 11 Software process of Sensor-actuator Interface
Module
periodically checks the updated registers through the message
processing step and executes the commands. In this
processing, each command is executed by referring to only
the value of the holding register regardless of the command of
the main controller, and the execution result is updated to the
holding register.
In this process, messages exchanged between the main
controller and the sensor actuator interface module take the
form of abstract messages that indicate the device number and
action of the sensor or actuator regardless of the data type of
device. The sensor actuator interface module converts the
abstract message into a command suitable for each device by
referring to the pre-set information of the sensor and the
actuator. For example, in order to operate the motor, the main
controller transmits only the number, direction, and value of
the actuator, not the command corresponding to the
specification of the actuator. Then, the sensor interface
module can generate an output signal corresponding to each
device with reference to pre-set information.
In addition, separating the time point of processing the
message and the time point of executing the operation of the
device by using the holding register, even if multiple sensor
actuator interface modules are installed, independence of
each operation can be assured. Thus, the scalability of the
sensor and the actuator can be secured.
3.3.1Sensor Configuration Process

Holding
Register
)
Message :
callback SCU |« Enable/Disable
Register Write
AddDel || SRQ
SCI |« Configuration
— )
Message Process. Operation Process |

Figure 12 Sensor configuration process
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Main controller requests the configuring the sensor on the
sensor-actuator interface module. When to add or to update
sensor information, main controller request sensor
configuration by SRQ and the sensor information is stored in
the SCI field and the index in the SCU field is enabled. When
to delete the sensor, the sensor information is deleted in the
SCU field and the index in the SCU field is disabled.

3;3.2Actuator Configuration Process

"fHolding
Register
T
Message _
callback ACA |« Enable/Disable
| |,[ Register Write
Add/Del > ACQ
ACT |« Configuration
N :
Message Process ", Operation Process

Figure 13 Actuator configuration process

Adding or updating actuator to the sensor-actuator
interface can be performed via ACQ field by requesting of the
main controller. First, the actuator information is stored at the
ACI field. Then, the index of ACA field is enabled. Deleting
actuator configuration is performed by deleting date in ACL
field and disabling index in the ACA.

3.3.3Sensor Data Read Process

Holding
Register
Message ( )
callback — SCU [¢F-------------
R‘iad Check
Register
L U
Read S
Message Process ~— Operation Process

Figure 14 Sensor data read process

To read sensor data and write sensor data can be processed as
shown in Figure 14. The sensor value will be periodically
updated. At that time, the update data status is recorded at the
update field in SCU. Thus, as the main controller checks the
update field of SCU, updated measured sensor data can be
transmitted to the main controller.

3.3.4Actuator Drive Command Process

-

{ Holding
Register
0
Message - -
callback ACA [¢F-------mmmmmmmmmoes Active/Stop

Actuator Write
N ||
T

Operation Process
Message Process®, P

Figure 15 Actuator drive command process
The main controller can set the command to drive the

actuator via AOC field. After the command is checked, the
status of the actuator is confirmed to avoid setting the same
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command again. And, ACI field should be checked about the
actuator information such as actuator type and output
interface. The actuator information can be referred for
properly controlling the actuator depending on its
characteristics. After then, the changed status of the actuator
should be recorded in the ACA field. And, this information is
used for synchronizing with the main controller.

IV. CONCLUSION AND FUTURE WORK

This paper proposes a structure of scalable and configurable
sensor-actuator interface for the smart farm control system.
The proposed interface structure makes easy to extend
sensor-actuator interface modules which are used for
interfacing between sensor-actuator and the main controller,
from which the scalability and interoperability can be
obtained. The interface module is communicated with the
main controller by using local Modbus protocols or other
interfaces which is a widely used industrial communication
protocol. Modbus protocol supports holding register which
can be used as user definition. Using the holding register, the
configuration, data acquisition, and data writing can be
independently and asynchronously performed. The proposed
sensor-actuator interface module supports digital and analog
sensors, and the user can easily install sensor or actuator
devices on their interface module regardless of its connection
interface and model type. It also supports various control
types as combining operating commands depending on
various actuator types.

The proposed sensor-actuator interface module for the smart
farm is useful to standardize as a data converter for the smart
farm field. Because the standardization is not enough stage to
utilize in a real field. Many companies make their own system
using self-standard. It causes a lack of compatibility. So, if
minimum functions for them are provided, then the smart farm
systems which are made by other companies can have the
compatibility. And, also the other companies can reduce the
development period to the market. Moreover, this proposed
module can be used in the livestock industry and the
aquaculture industry. The sensor-actuator interface module
will be developed and improved through future works.
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