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Abstract Research is actively underway to respond to climate change caused by global warming and to
provide an optimized plant growth environment in greenhouses. The objectives of the study is to develop
a mobile robot platform that monitors the environment, and to establish and to verify a digital shadow
framework based on real-time 3D model simulation. The main body of the robot platform, equipped
with a sensor module that can measure the growing environment of plants such as temperature,
humidity, illuminance, and carbon dioxide, could be controlled by an Arduino-based controller and
steered via an RF transceiver. In order to use the platform as a framework, it was built based on a
commercial model that is about 1/4 scale of an actual working robot. The framework was developed
using Simulink with the data communication established through ThingSpeak IoT server. As a result of
verifying and analyzing the developed framework, it was possible to collect, analyze, and publish
information of greenhouse environment and robot operation in real time by separated seven channels,
and remotely to check the environment through a vision sensor. Simulink 3D model simulations were
performed based on data from the IoT server, allowing the digital model to be controlled simultaneously
with the physical model, with an average latency of 4 seconds, including minimum update time. In this
study, we propose a basic study on the agricultural use of digital shadow technology, which can be
developed into true digital twin technology through further researches.
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Where, Rum denotes turning radius(mm), Z

denotes wheel base distance(mm), # denotes
steering angle in degree.
RPM , X GX7XD
Vinax = 60000 @
Where, Vmax denotes maximum speed of robot
platform(m/s),  RPMy.c denotes maximum

revolution per a minute of motor, G denotes gear

ratio, D denotes tire diameter(mm).

Table 1. Specifications of robot platform

Category Specification
Model Dimension 236 x 220.5 x 415 mm
Tire Width 57 mm
Tire Diameter 125 mm
Wheel Base 242 mm
Max Speed 4.15 km/h
Move Speed 2.76 km/h (80%)
Steering Angle + 45.8°
Turning Radius 242 mm
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Table 2. Specifications of devices of robot platform
Category Device Specification
Operating Voltage: 5 ~ 24 V
Digital Pins: 54 (15 PWMs)
MCU Analog Pins: 16
Clock Speed: 16 MHz
Controller
Memory: 32 Mbit SPI Flash
Camera RAM: 520 KB + 4 M PSRAM
board Network: Bluetooth, Wi-Fi 802.11
b/g/n/e/i
Operating Voltage: 3.3 ~ 6 V
Temperature | Temperature Range:
Humidity | -40 ~ 80 + 0.5°C
Humidity Range: 0 ~ 100 +2%
Operating Voltage: 3 ~ 5V
Light Sensor Range:
1-65,535 lux £ 20%
co Operating Voltage: 6 V
Sensor 2 Sensor Range! 350 ~ 10000ppm
Voltage | b ger 0,025 ~ 25 +0.005 V
Sensor
Operating Voltage: 3 ~ 12 V
RF Receiver | Clock Speed: 2.4 GHz
Range: up to 70 m
Resolution: 16001200 @15 FPS
Vision Output: RGB data, JPEG
Clock Speed: 2412 ~ 2484 MHz
DC-DC Input Voltage: 4.5 ~ 60 V
Converter Output Voltage: 3 ~ 35V
Actuator Operating Voltage: 6 ~ 7.4 V
Servo Motor | Max Speed: 0.09 s/60°
Max Torque: 12.8 kg - cm

613

Motor Operating Voltage: 6.6 ~ 7.2 V
Controller | Max current: 60 A
Max Speed: 17500 rpm
DC Motor Max Torque: 31.8 mN - m
Battery | -2V Ni-MH Battery
12V 3A 18650 Li-ion Battery
Others Operating Voltage: 3.3V
Wi-Fi Module| Memory: 8 Mbit QSPI flash
Wi-Fi: 2.4 GHz b/e/n
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Table 3. Sensor Channels of ThingSpeak IoT Server

Channel No. Data Signal Type
1 Temperature Analog
2 Humidity Analog
3 Light Analog
4 CO; Analog
5 Battery Voltage Analog
6 Speed Digital
7 Angle Digital
Image Channel 2D image Digital
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