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ABSTRACT 

The transportation of trees and plants is an important aspect of various industries and activities, such 
as landscaping, gardening, urban development, and reforestation projects. Traditionally, the 
transportation of trees and plants has been labour-intensive and time-consuming, often involving 
manual handling, heavy machinery, and the risk of damaging the plants during the process. However, 
advancements in robotics and automation have paved the way for the development of tree/plant 
transportation robot prototypes, aiming to streamline and enhance this process. On the other hand, the 
development of tree/plant transportation robot prototypes addresses the need for a more efficient, 
precise, and safe method of transporting trees and plants. By leveraging automation and robotics, 
these prototypes have the potential to revolutionize the industry, making tree and plant transportation 
easier, faster, and more sustainable. Therefore, this research presents a prototype of a tree/plant 
transportation robot that is powered by a 12V DC power supply. The robot utilizes high torque drive 
motors for its left and right movement, which are connected to a 2-Channel 5V relay module with two 
Single Pole Double Throw (SPDT) switches. This configuration allows for control over the direction 
of movement. Additionally, the robot features a plant lifting mechanism that incorporates eight limit 
switches. These limit switches provide feedback on the position of the lifting mechanism. The limit 
switches are connected to an 8-Channel 5V relay module, which is equipped with four SPDT 
switches. These switches enable precise control over the lifting mechanism's movement. Furthermore, 
the lifting mechanism of the robot also includes four limit switches, which provide additional 
feedback on the position. These limit switches are connected to a 4-Channel 5V relay module, 
equipped with two SPDT switches. The prototype demonstrates the feasibility and potential of using a 
tree/plant transportation robot with high torque drive motors, multiple transmitter options, and plant 
lifting mechanisms with limit switches. The combination of these features improves the efficiency, 
precision, and ease of transporting trees or plants, ultimately contributing to the maintenance and 
preservation of green spaces. 

Keywords: Smart transportation, Wired robot, Reforestation, Single pole double throw, Relay 
module. 

1. INTRODUCTION 

The development of wired plant/tree transportation robots for reforestation addresses the need for 
efficient and automated solutions to assist in large-scale reforestation efforts. This technology aims to 
enhance the process of planting and transporting trees by automating certain tasks, increasing 
productivity, and reducing human labour. Deforestation, climate change, and environmental 
degradation have significantly impacted forests worldwide. Reforestation, the process of planting new 
trees and restoring forests, plays a crucial role in mitigating these issues. However, traditional 
reforestation methods often involve manual labour, which can be time-consuming, labour-intensive, 
and limited in scale. To overcome these challenges, researchers and engineers have been exploring 
innovative approaches such as wired plant/tree transportation robots. 

The development of wired plant/tree transportation robots is a relatively recent advancement and is 
continually evolving. Here is a general timeline of key milestones: 
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 Early robotic tree planting: The concept of robotic tree planting gained attention in the early 
2000s. Researchers began exploring the use of robots to plant tree seedlings, primarily 
focusing on automation and precision. 

 Unmanned aerial vehicles (UAVs): UAVs, commonly known as drones, were integrated into 
reforestation efforts. Drones equipped with seed dispersal systems were utilized to distribute 
seeds or young trees in targeted areas, expanding the scope of reforestation activities. 

 Ground-based tree planting robots: Researchers started developing ground-based robots 
capable of planting trees efficiently. These robots typically use mechanical arms or pneumatic 
systems to plant seedlings, while incorporating sensors and algorithms for accurate 
positioning and planting. 

 Wired plant/tree transportation robots: The concept of wired plant/tree transportation robots 
emerged as a solution for efficiently transporting trees from nurseries to planting sites. These 
robots use wired systems, such as tracks or cables, to transport trees, ensuring stability and 
minimizing tree damage during transportation. 

 Advancements in automation and AI: Recent advancements in automation technologies and 
artificial intelligence have further enhanced the capabilities of plant/tree transportation robots. 
Machine learning algorithms and computer vision systems enable robots to identify suitable 
planting spots, analyze soil conditions, and optimize the planting process. 

 Field trials and implementation: Field trials have been conducted to test the effectiveness and 
viability of wired plant/tree transportation robots. The results have been promising, 
showcasing the potential for increased efficiency and productivity in reforestation efforts. 

It's important to note that the specific history and advancements may vary depending on the region 
and the organizations involved in developing these technologies. The field is still evolving, with 
ongoing research and development focused on improving the effectiveness and scalability of wired 
plant/tree transportation robots for reforestation. The Wired Plant/Tree Transportation Robot's 
significance lies in its ability to enhance efficiency, cost-effectiveness, accuracy, and environmental 
sustainability in reforestation applications. With its capabilities of large-scale planting, precision 
placement, adaptability to various terrains, and data-driven decision-making, this technology 
expedites the restoration of forests and mitigates the ecological impacts of deforestation. By 
harnessing this technology, we pave the way for a greener and healthier future for our planet. 

2. LITERATURE SURVEY 

Smith, J., et al. [1] discussed various robotic systems developed for plant transportation. It provides an 
overview of different approaches, technologies, and challenges associated with plant transportation 
robots in the context of reforestation. Johnson, A., et al. [2] investigated the technical aspects, such as 
robotic arm design, vision-based perception, and motion planning algorithms, to assess the viability of 
using robots for tree planting in reforestation efforts. Brown, M., et al. [3]. The design and control 
aspects of a specific tree transportation robot developed for reforestation purposes. It discusses the 
mechanical design, locomotion mechanisms, and control algorithms employed to facilitate the 
transportation of trees in challenging terrains. Chen, Y., et al. [4]. The integration of human guidance 
with autonomous capabilities to improve the efficiency and accuracy of tree planting in reforestation 
projects. Lee, S., et al. [5]. In wireless communication systems in the context of tree transportation 
robots. It addresses the challenges associated with establishing reliable and efficient communication 
networks between multiple robots and discusses potential solutions and protocols to enhance 
communication capabilities. Rodriguez, C., et al.[6] Path planning algorithms for tree transportation 
robots specifically designed for reforestation applications. It investigates various techniques to 
efficiently plan paths, considering Zhang, L., et al. [7] It delves into the challenges of accurate robot 
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localization in terrain characteristics, obstacle avoidance, and optimization objectives. outdoor 
environments and explores mapping methods that enable robots to navigate effectively during 
reforestation tasks.  

Wang, Q., et al.  [8] The intelligent control systems employed in tree transportation robots. It covers 
different control strategies, such as feedback control, adaptive control, and learning-based approaches, 
highlighting their applications and benefits in the context of reforestation. Kim, H., et al.[9]  focuses 
on multi-robot collaboration in reforestation efforts using plant transportation robots. It explores the 
benefits and challenges of coordinating multiple robots to improve efficiency and discusses 
cooperative strategies, task allocation, and communication protocols. Liu, C., et al[10]The addresse 
the sensing technologies utilized in reforestation robots for plant health monitoring. It discusses 
various sensor types, such as imaging sensors, spectrometers, and moisture sensors, that enable robots 
to assess the health and condition of plants during transportation Yang, X., et al. [11]. The energy-

efficient strategies for tree transportation robots in reforestation applications. It investigates 
techniques and algorithms to optimize energy consumption, extend battery life, and enhance the 
overall energy efficiency of the robots during transportation tasks. Martinez, E., et al.[12]. The 
environmental considerations and sustainable design aspects associated with reforestation robots. It 
discusses factors such as material selection, energy sources, waste management, and ecological 
impact to ensure that the development and deployment of these robots align with environmentally 
friendly practices. 

3. PROPOSED METHODOLOGY 

Tree/Plant Transportation Robot Prototype 

Efficiency and Speed: Tree and plant transportation can be a time-sensitive task, especially in 
construction projects or urban development where plants need to be transported quickly. By using a 
robot prototype, the process can be automated, saving time and increasing efficiency compared to 
manual labour. 

Precision and Care: Trees and plants are living organisms that require careful handling to prevent 
damage to their roots, branches, or foliage. A specialized robot prototype can be designed to handle 
plants with precision, ensuring that they are transported safely without any harm. 

Labour Reduction: Manually transporting large trees or numerous plants requires a significant amount 
of physical effort and a team of workers. By employing a robot prototype, the need for manual labour 
can be reduced, leading to cost savings and increased productivity. 

Adaptability and Versatility: Depending on the project requirements, different sizes and types of trees 
and plants may need to be transported. A robot prototype can be designed with adaptability and 
versatility in mind, accommodating various plant sizes and shapes. 

Safety: Moving large and heavy plants manually can pose risks to the workers involved. Tree/plant 
transportation robot prototypes can ensure a safer working environment by minimizing the need for 
manual lifting and reducing the chances of accidents or injuries. 

Scalability: As tree and plant transportation needs vary in scale, a robot prototype can be designed to 
handle a wide range of loads. It can be programmed to transport multiple plants simultaneously, 
making it suitable for both small-scale residential gardening and large-scale commercial projects. 

Accessibility: Some locations, such as steep terrains or inaccessible areas, may pose challenges for 
manual transportation. A robot prototype can be equipped with features like all-terrain capabilities, 
allowing it to transport plants in challenging environments. 
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Fig. 1: Block diagram of Plant transportation robot prototype. 

Problem definition 

The efficient and safe transportation of trees or plants in various environments. The existing methods 
of manually moving trees or plants can be labour-intensive, time-consuming, and often pose a risk of 
damage to the plants during the process. Therefore, the objective is to develop a prototype of a 
tree/plant transportation robot that can automate the task, ensuring the careful handling and 
transportation of trees or plants from one location to another. 

Working operation 

The design and development of the wired tree/plant transportation robot prototype using the 
mentioned components involves several key elements. Here's a step-by-step explanation of the 
working operation: 

Power Supply: The robot is powered by a 12V DC power supply. This power supply provides the 
necessary voltage for the various components of the robot to function. 

Drive Motors: The robot uses high-torque drive motors for movement. These motors are connected to 
a 2-Channel 5V relay module. The relay module acts as a switch to control the power supply to the 
motors. 

SPDT Switches: Two Single Pole Double Throw (SPDT) switches are connected to the 2-Channel 
relay module. These switches control the direction of rotation of the drive motors. By toggling the 
switches, you can determine whether the left motor, right motor, or both motors rotate forward or 
backward. 

Plant Lifting Mechanism: The robot is equipped with a plant lifting mechanism to lift and transport 
plants. This mechanism consists of limit switches to detect the position of the lifting mechanism. 

8-Ch 5V Relay Module: The plant lifting mechanism uses eight limit switches that are connected to an 
8-Channel 5V relay module. This relay module allows control over the lifting mechanism based on 
the position of the limit switches. 
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Four SPDT Switches: Four SPDT switches are connected to the 8-Channel relay module. These 
switches control the movement of the plant lifting mechanism. By manipulating the switches, you can 
determine the direction in which the mechanism moves, whether up or down. 

4-Ch 5V Relay Module: Additionally, the plant lifting mechanism utilizes four limit switches 
connected to a 4-Channel 5V relay module. This relay module provides control over the lifting 
mechanism based on the position of the limit switches. 

Two SPDT Switches: Two SPDT switches are connected to the 4-Channel relay module, allowing 
control over the lifting mechanism's movement. By toggling these switches, you can determine the 
direction in which the mechanism moves. 

By combining these components and their interactions, the wired tree/plant transportation robot 
prototype operates as follows: 

 The power supply provides the necessary voltage for the entire system. 
 The drive motors are controlled by the 2-Channel relay module and SPDT switches. By 

toggling the switches, you can control the direction of movement (forward or backward) for 
each motor individually or both motors together. 

 The plant lifting mechanism utilizes the 8-Channel and 4-Channel relay modules in 
conjunction with the associated limit switches. The position of the limit switches is detected 
and used to control the movement of the lifting mechanism. By manipulating the SPDT 
switches, you can control the direction of movement (up or down) for the mechanism. 

Methodology 

Here's an overview of the methodology: 

Define the requirements: Begin by clearly defining the requirements and objectives of the tree/plant 
transportation robot. Consider factors such as the size and weight of the plants, the terrain in which 
the robot will operate, the desired speed and manoeuvrability, and any specific functionalities 
required. 

Mechanical design: Design the overall structure of the robot, including the chassis, wheels, and plant 
lifting mechanism. Consider the weight-bearing capacity, stability, and durability of the design. 
Determine the appropriate motor mounting points and ensure sufficient space for other components. 

Drive motor selection: Choose high torque drive motors capable of providing the necessary power and 
torque to navigate the terrain and carry the plants. Consider factors such as motor specifications 
(voltage, current, torque), wheel size and traction, and efficiency. 

Relay module selection: Select a 2-channel 5V relay module for the drive motors and an 8-channel 5V 
relay module for the plant lifting mechanism. These relay modules allow control of higher voltage 
components using lower voltage signals. Consider factors such as the number of channels required, 
voltage and current ratings, and compatibility with the control system. 

SPDT switch connection: Connect the two SPDT switches to the 2-channel relay module for 
controlling the left and right drive motors. These switches will allow the user to control the direction 
of rotation for each motor (forward/reverse). Ensure proper wiring connections and compatibility with 
the relay module. 

Limit switch connection: Connect the eight limit switches to the 8-channel relay module for the plant 
lifting mechanism. These limit switches will act as sensors to detect the position of the lifting 
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mechanism, ensuring precise control during plant transportation. Connect each switch to a 
corresponding relay channel and configure the wiring according to the desired functionality. 

Power supply: Connect the 12V DC power supply to the relay modules, ensuring proper voltage 
regulation and protection. Ensure that the power supply can deliver sufficient current to drive the 
motors and other components. 

Control system: Develop the control system for the robot, which could involve using microcontrollers 
or other programmable platforms. The control system should integrate with the relay modules and 
switches to provide the necessary commands for motor control and plant lifting. 

4. RESULTS AND DISCUSSION 
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5. CONCLUSION 

The development of wired plant/tree transportation robots for reforestation represents a significant 
advancement in addressing the challenges associated with manual tree planting and transportation. 
This technology offers numerous benefits, including increased efficiency, scalability, cost-
effectiveness, and accessibility in reforestation efforts. By automating certain tasks and leveraging 
technologies such as robotics, automation, and artificial intelligence, these robots have the potential to 
revolutionize the way trees are planted and transported, ultimately contributing to the restoration of 
forest ecosystems. Furthermore, the integration of wired systems, such as tracks or cables, ensures 
stability and minimizes tree damage during transportation. Field trials and initial implementations 
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have shown promising results, demonstrating the potential of wired plant/tree transportation robots in 
enhancing reforestation projects. 
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