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Abstract 

As cities strive to become more sustainable and livable in the age of smart urban develop-

ment, there is tendency toward urban landscaping concepts that combine ecological ben-

efits and aesthetic appeal. Within this context, artistic landscaping, the deliberate spatial 

arrangement of plant species to create visual compositions, has emerged as a valuable 

aspect of modern urban green infrastructure. While cutting-edge Unmanned Ground Ve-

hicle (UGV) development has primarily focused on large-scale precision agriculture, its 

potential for artistic and small-scale urban landscaping remains unexplored. Furthermore, 

integrating Internet of Things (IoT) technology into UGVs for autonomous seeding pre-

sents an interesting research point. Addressing these challenges, this paper introduces a 

compact design of an IoT-enabled UGV specifically for artistic landscaping applications. 

The system includes an effective full seeding mechanism with dedicated modules for soil 

digging, sowing, water spraying, and backfilling. These operational modules are coordi-

nated using a microcontroller-based control system to ensure reliability and repeatability. 

Additionally, in this study, a web-based interface has been developed to support both 

autonomous and manual operation modes, allowing users to customize path planning for 

geometric seeding patterns as well as real-time monitoring. A fully functional prototype 

was built and tested under controlled conditions to confirm the core modules’ effective-

ness. This development provides a practical solution for supporting the realization of 

smart and sustainable cities. 

Keywords: artistic landscaping; unmanned ground vehicle; internet of thing; seeding 

mechanism; smart cities 

 

1. Introduction 

While climate change and biodiversity loss remain central to global environmental 

discourse, urban expansion and land-use conversion are increasingly recognized as major 

contributors to ecosystem degradation. As cities continue to grow, with over 68% of the 

global population projected to live in urban areas by 2050, the challenge lies in developing 

urban systems that harmonize built infrastructure with ecological sustainability [1]. 
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Urban sprawl often fragments or completely replaces natural landscapes, reducing eco-

logical integrity and functionality [2,3]. The consequences of these transformations in-

clude rising urban heat, disrupted hydrological cycles, and reduced biodiversity—condi-

tions that compromise both environmental health and human well-being [4,5]. The chal-

lenge lies in developing urban systems that harmonize built infrastructure with ecological 

sustainability [1]. These converging pressures underline the urgent need for integrative 

urban planning solutions that reconcile infrastructure development with ecological 

preservation [3]. 

Urban green infrastructure has emerged as a critical strategy for addressing these 

multifaceted challenges while delivering measurable ecosystem services to urban com-

munities [6]. Furthermore, green infrastructure serves as a nature-based solution for cli-

mate adaptation, enhancing urban resilience to extreme weather events while supporting 

biodiversity conservation in increasingly fragmented urban landscapes [7]. 

Plant landscaping offers a promising strategy for mitigating the ecological impacts of 

urbanization while enhancing urban livability. Vegetation in cities performs multiple 

roles: it reduces surface temperatures, improves microclimates, filters air pollutants, and 

provides psychological and recreational benefits [8]. These benefits position urban plant-

ing systems as more than aesthetic elements; they function as critical green infrastructure 

with measurable contributions to environmental quality and public health. Therefore, ef-

fective integration of planting systems into urban design is not merely decorative but es-

sential for building resilient, human-centered cities. 

Despite their ecological and cultural potential, artistic planting designs remain un-

derutilized in urban environments due to implementation constraints. Artistic landscap-

ing—characterized by deliberate spatial arrangements of diverse plant species—requires 

time-intensive planning, skilled labor, and context-sensitive execution. These constraints 

limit its scalability in fast-growing urban areas where demand often exceeds human re-

source availability [8]. Without automation, such intricate planting designs are difficult to 

execute consistently or cost-effectively at scale. This implementation bottleneck restricts 

the practical adoption of ecologically expressive landscaping. Thus, there is a critical need 

for technological innovations that can translate artistic design principles into scalable, de-

ployable solutions for modern cities. 

Robotic systems have been developed for agricultural automation over the past dec-

ade, but most are ill-suited for the nuanced demands of artistic landscape planting. Sev-

eral studies have introduced UGVs capable of multi-task operations such as planting, 

weeding, and monitoring [9,10]. Advanced agricultural robotics have demonstrated sig-

nificant capabilities in precision agriculture, with comprehensive reviews highlighting 

their applications in harvesting, seeding, weeding, and crop monitoring [11,12]. For in-

stance, [13] developed a modular robot for seeding and mapping, while a weeding robot 

was introduced in [14], and [15] presented a semi-autonomous system for seeding and 

harvesting. However, these platforms often lack holistic automation frameworks, rely 

heavily on human control, and are optimized for uniform monocultures rather than com-

plex seeding patterns. These limitations reflect a gap between current agricultural robotic 

capabilities and the flexibility required for artistic landscaping, which demands high spa-

tial precision, contextual adaptability, and creative interpretation of seeding plans. Con-

sequently, while agricultural robotics offers foundational tools, a new class of robots is 

needed to bridge the divide between technical functionality and artistic ecological design. 

This study introduces the conceptual and technical foundation for an intelligent ro-

botic system tailored specifically for artistic landscape seeding in urban contexts. The pro-

posed system is designed to autonomously interpret and execute seeding plans as spa-

tially expressive compositions. It integrates IoT-enabled environmental sensing, modular 

hardware architecture, and a web-based user interface to enhance automation and 
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adaptability. By fusing robotic engineering with landscape architectural principles, the 

system addresses the dual challenge of ecological fidelity and labor scalability. Unlike ex-

isting agricultural machines, it prioritizes design complexity, automation, task and site 

variability, and aesthetic intent. This research contributes a novel framework for trans-

forming artistic seeding from a manual, resource-intensive process into an intelligent, 

scalable component of urban green infrastructure. 

To facilitate understanding of the proposed system, the remainder of this paper is 

organized as follows. Section 2 presents the overall system architecture, including hard-

ware components and firmware integration. Section 3 describes the design of the web-

based user interface used to control seeding schemes. Section 4 offers conclusions and 

discusses future research directions. 

2. ARTgriculture System Design 

The proposed system, named ARTgriculture, combines “art” and “agriculture” to 

reflect its dual focus on aesthetic seeding design and autonomous execution. It was devel-

oped to overcome the labor and scalability barriers of artistic landscaping in urban envi-

ronments by automating key seeding tasks. 

As shown in Figure 1, ARTgriculture is a modular UGV equipped with various mech-

anisms for digging, sowing, backfilling, and spraying. Following the design specification 

on Table 1, the system integrates multiple subsystems, all managed by the STM32F401 

microcontroller, which serves as the central controller. The digging and backfilling sys-

tems utilize linear motors for automated height adjustments. Meanwhile, the sowing sys-

tem incorporates a stepper motor to precisely control the dispensing of seeds, allowing 

the user to specify the desired quantity. Additionally, the spraying system employs a wa-

ter pump to irrigate the soil after backfilling. Finally, the navigation system features a 

four-wheel-drive mechanism powered by four DC motors. The following subsections pro-

vide a detailed explanation of each subsystem, including their hardware configurations 

and control algorithms. 

 

Figure 1. Real-life prototype of the ARTgriculture. 
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Table 1. ARTgriculture Specification. 

Parameter Specification 

Dimensions (L × W × H) 100 cm × 80 cm × 80 cm (approx.) 

Weight 50 kg 

Battery Capacity 24 V, 100 Ah 

Travelling Capacity 3–4 h of operation per charge 

Seeding Capacity 500 seeds per operation cycle 

Water Capacity 5 L 

Manufacturing Cost $600–$700 USD 

2.1. Digging and Backfilling System 

The digging and backfilling processes are essential tasks that ARTgriculture is de-

signed to perform, forming critical components of the seeding workflow. Digging is the 

first task in the full seeding sequence, where precise hole locations are prepared for sow-

ing. Following sowing, backfilling ensures that the seeds are properly covered with soil, 

completing the seeding process. ARTgriculture also offers flexibility, allowing users to 

perform these tasks independently based on specific requirements. For instance, digging 

alone may be needed for transplanting saplings, or backfilling may be used to address 

unfinished tasks. 

The digging system is mounted at the front of the UGV, while the backfilling system 

is positioned at the rear. Although both systems share similar core components, as illus-

trated in Figure 2, each is equipped with distinct tool heads designed for their specific 

tasks. Each system is powered by a dedicated linear motor, a DC 24 V unit with a 10 W 

power rating, a 1 A current draw, and a 30 cm stroke length. These motors are equipped 

with Hall effect sensors, providing precise position feedback for accurate height adjust-

ments. Each motor operates independently through its own relay, controlled by the 

STM32F401 microcontroller. This configuration ensures precise and automated height 

control for the digging and backfilling rods, enhancing operational efficiency and enabling 

adaptability to diverse field conditions. 

 

Figure 2. Digging and backfilling hardware diagram. 

The ARTgriculture’s digging process shown in Figure 3 uses color coding to indicate 

where each action takes place: yellow represents operations performed on the web page, 

while blue corresponds to tasks handled by the STM32 microcontroller. It begins when 

the system initiate Digging Mode. Initially, the Dig Flag is set to 0, and the linear motor 

responsible for digging is reset to its starting position. The user inputs the desired digging 

depth (DD), which is validated against a maximum allowable depth of 20 cm. If the spec-

ified depth exceeds this limit, the system halts the operation and displays a warning mes-

sage: “Exceed Maximum Depth of Dig.” If the depth is within the allowable range, the 

system calculates the required digging time (Linear Digging Timer) as DD/3 s, which rep-

resents the time needed to reach the specified depth. 
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Figure 3. Flow chart of digging process, similar to backfilling process. 

Once the parameters are set, the system initiates the digging process with the mes-

sage “Start Digging.” The ARTgriculture’s linear motor advances incrementally, continu-

ously monitoring the current depth (Count_Depth) in real-time. Progress updates are dis-

played with the message “Digging in Progress, Count_Depth.” The ARTgriculture con-

tinues the operation until the current depth equals the desired depth (Count_Depth = DD). 

Upon reaching the desired depth, the system resets the linear motor to its initial position, 

sets the Dig Flag to 1, and displays the message “Digging Finish.” This concludes the dig-

ging operation, preparing the ARTgriculture for the next task. The same procedure also 

applies to the backfilling process, where the ARTgriculture fills holes created during dig-

ging and sowing tasks, ensuring a uniform surface for subsequent operations. 

2.2. Sowing System 

Sowing is one of the four main tasks in ARTgriculture’s seeding process, performed 

sequentially after the digging process and before backfilling. This critical step ensures that 

seeds are accurately placed within the prepared holes. ARTgriculture’s sowing system 

allows users to specify the size of the seed (small, medium, or large) and the system auto-

matically determines the corresponding number of seeds to be placed in each hole, ensur-

ing consistent and efficient seeding. 

The sowing system, as shown in Figure 4, utilizes a NEMA 17 stepper motor, which 

operates at 1.8° per step and provides a holding torque of 45 N·cm, controlled by an A4988 

driver. ARTgriculture’s sowing process shown in Figure 5 begins by initializing Seed 

Mode. During this step, the Seed Flag is set to 0, and the stepper motor controlling the 

sowing mechanism is reset to its initial position. The system then determines the number 

of seeds (NS) to be dispensed. The user selects the seed size—small, medium, or large—

corresponding to the following values of NS: 5 for small seeds, 3 for medium seeds, and 1 

for large seeds. Based on the selected seed size, the system calculates the rotation degree 

of the stepper motor as NS × 60 degrees. 
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Figure 4. Sowing hardware core components. 

 

Figure 5. Flow chart of sowing process. 

Once these parameters are configured, the system initiates the sowing process and 

displays “Start Sowing” on the web page. The stepper motor rotates incrementally to dis-

pense the seeds, while the system monitors the count of dispensed seeds (Count_Seed) in 

real-time. Progress updates are shown with the message “Sowing in Progress, 

Count_Seed.” ARTgriculture continues the operation until the number of dispensed seeds 

matches the predefined value. Once sowing is complete, the Seed Flag is set to 1, and the 

web page displays “Sowing Finish.” 

2.3. Spraying System 

In the autonomous seeding sequence, spraying is carried out after the backfilling pro-

cess to ensure proper spraying of the planted seeds. However, ARTgriculture also pro-

vides the flexibility for users to perform spraying as an independent operation, allowing 

the system to water the field as needed without executing other tasks. 

The water spraying system, as shown in Figure 6, utilizes an R385 water pump, which 

operates at a voltage range of 6–12 V and a flow rate of up to 1.5 L per minute, managed 

by the ESP8266 microcontroller. The spraying process, as shown in Figure 7, where the 

yellow color represents actions on the web page, the blue color corresponds to processes 
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executed by the STM32 main microcontroller, and the green color highlights tasks man-

aged by the ESP8266 module. 

 

Figure 6. Spraying hardware core components. 

 

Figure 7. Flow chart of spraying process. 

During initialization step, the Spray Flag is set to 0, preparing the system for opera-

tion. The user selects the desired water quantity, which determines the spraying time. The 

system offers three levels of water quantity: LOW (15 s), MEDIUM (30 s), and HIGH (45 

s). Once the water quantity is selected, the spraying time (ST) is set accordingly. This value 

is then sent to the ESP module for processing, and the status is updated on the web inter-

face to provide real-time feedback to the user. 

With the spraying time established, the system activates the spraying mechanism. 

The R385 water pump, powered by a 12 V supply, is turned on, and the system displays 

the message “Start Spraying.” During the spraying process, the ESP8266 tracks the timer 

(Count_Spray) and updates the interface with progress messages such as “Spraying in 

Progress.” The process continues until the Count_Spray matches the ST. Once the spray-

ing is complete, the Spray Flag is set to 1, and the system displays the message “Spraying 

Finish.” 

2.4. Navigation System 

The navigation system is a critical component of ARTgriculture, enabling precise and 

efficient movement across agricultural fields to perform its seeding tasks. This system en-

sures that tasks such as digging, sowing, backfilling, and spraying are performed accord-

ing to users’ requirements while minimizing errors and maximizing productivity. Effec-

tive navigation is essential for achieving the precision and consistency required in modern 

farming, making it a cornerstone of ARTgriculture’s functionality. 
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Figure 8. Navigation hardware core components. 

For navigation and mobility, ARTgriculture features a 4-wheel drive mechanism 

powered by four DC motors, each rated at 24 V, 1.6 A, and capable of delivering a torque 

of 9 N·m with a 65.5:1 gear ratio and a speed of 40 rpm. These motors are controlled by an 

MDD10 CYTRON motor driver, which supports dual-channel motor control with a con-

tinuous current capacity of 10 A per channel. The movement is monitored by four DC 5 

V–24 V 360 P/R incremental rotary encoders with AB 2-phase output and a 6 mm shaft, 

offering 360 pulses per revolution for precise tracking and adjustments. Additionally, 

ARTgriculture is equipped with an obstacle avoidance system using an HCSR04 ultra-

sonic distance sensor. Wireless communication is facilitated by the ESP8266 microcontrol-

ler, allowing for remote control and monitoring through a web-based interface. 

The flowchart in Figure 9 uses color coding to represent where each action occurs: 

yellow indicates processes happening on the web page, blue represents calculations and 

commands executed by the main microcontroller, and green highlights tasks performed 

directly by the UGV. The navigation process of ARTgriculture start with specifying pa-

rameters like land dimensions, including length (L) and width (W), the spacing between 

seeding points, digging depth, and the water volume for spraying. The seeding parame-

ters, such as the total number of rows (R) and columns (C), the number and type of re-

quired turns, and the total seeding points were calculated afterward. 

The grid size is determined using the formulas 𝑅 =  𝑊/Δ𝑟  and 𝐶 =  𝐿/Δ𝑐. Once 

the parameters are set, ARTgriculture initializes its position at (0, 0), with all counters set 

to zero. The robot moves forward along the grid, performing seeding actions at each node 

while incrementing both the seeding counter (Count_Seeding) and the row counter 

(Count_Row). When ARTgriculture reaches the end of a row (i.e., Count_Row = R − 1), it 

executes a U-turn to align itself with the next column. If additional columns remain (i.e., 

Count_Column < C − 1), the column counter is incremented, and the row counter resets to 

zero, allowing the robot to begin seeding along the next row. This process continues until 

all rows and columns are traversed, as shown in Figure 10. Upon completion, a “Finish” 

message. 
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Figure 9. Flow chart of navigation process. 

 

Figure 10. Illustration of path planning ARTgriculture. 

3. ARTgriculture Web-Based User Interface 

A web application illustrated in Figure 11 provides a user-friendly interface for man-

aging and controlling all processes of the seeding task. The front-end of the web applica-

tion is developed using the Flutter framework, while back-end operations are handled by 

the Laravel framework, an open-source and robust PHP framework. 

START 

END 
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(a) (b) (c) 

Figure 11. Web-based User Interface of (a) login screen, (b) control selection, and (c) manual control 

interface. 

Upon successful login, the dashboard enables the user to choose between manual 

and autonomous modes. In manual mode, the web application functions as a digital joy-

stick, enabling the user to remotely navigate the UGV. For autonomous mode, users can 

configure commands and define parameters on the web platform specific to the selected 

operation. These parameters include the shape and dimensions of the land, the spacing 

between seeding points, the intensity of spraying, and the size of the seed to be planted. 

Commands are sent to the ESP8266 module on ARTgriculture, which relays confirmation 

to the cloud server. If ARTgriculture encounters an obstacle, the user is notified via an 

alert on the dashboard. 

The autonomous control system of ARTgriculture supports six operational modes, 

as shown in Figure 12a. The “All” mode performs a full sequence of tasks, including dig-

ging, sowing, backfilling, and spraying. Users can customize movement patterns to suit 

specific field layouts, such as squares, rectangles, or other shapes, by specifying the length 

and width of the land. The depth of digging can also be specified, with a maximum allow-

able depth of 20 cm. For spraying, users can choose from three quantity options, and for 

sowing, they can select from three predefined seed sizes. 

 

 

(a) (b) 

Figure 12. Autonomous seeding control user interface (a) parameter setting page, (b) progress 

tracker page. 
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The “Dig Only” mode allows users to utilize ARTgriculture for applications beyond 

seed planting. For instance, users may need to dig holes for planting small plants, shrubs, 

or saplings that require manual placement. This mode adapts ARTgriculture to diverse 

planting needs beyond traditional seeding. 

Similarly, the “Spray Only” mode is particularly useful after the full seeding process 

is completed. Users may need to water the planted seeds daily or apply fertilizers or pes-

ticides without triggering other tasks such as digging or sowing. This flexibility ensures 

that ARTgriculture can support ongoing maintenance and care for crops beyond the initial 

seeding stage. 

These specialized modes make ARTgriculture a highly adaptable tool, capable of ca-

tering to a wide range of farming requirements and offering flexibility to suit specific op-

erational needs. 

A progress tracker, as shown Figure 12b, keeps the user informed of task completion 

status (e.g., “19 out of 40 seeds planted”). The interface also includes control buttons that 

allow the user to resume paused tasks, pause ongoing operations, or stop them entirely, 

ensuring flexibility and user control throughout the process. 

As shown in Figure 13, the process begins with the user activating Autonomous 

Mode. The chart employs color coding to delineate the locations of each step: yellow sig-

nifies processes occurring on the web page, blue corresponds to actions performed by the 

primary microcontroller, and green indicates tasks directly executed by the UGV. ART-

griculture then performs its primary tasks, including navigating to the target location, 

digging, planting seeds, leveling soil, and spraying water. In the event of an obstacle de-

tection, the UGV executes an obstacle avoidance protocol before resuming its trajectory. 

Throughout this process, ARTgriculture monitors user inputs to initiate pauses or halt the 

operation. If a pause is requested, the UGV ceases its operations and awaits a resume 

command. Conversely, upon receiving a stop command, all actions are terminated 

promptly. This iterative process continues at each target location until all tasks have been 

successfully executed. 
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Figure 13. Flow chart of autonomous seeding mechanism. 

4. Conclusions 

This study has successfully achieved its primary objective of developing and modu-

larly testing the ARTgriculture system. The core modules were successfully constructed 

and validated under controlled conditions, demonstrating their ability to perform essen-

tial agricultural operations like digging, sowing, backfilling, and spraying. These results 

confirm the significant success of meeting the research’s fundamental objectives. 

However, it’s important to acknowledge the current limitations of this work. While 

individual modules have shown promising performance, the comprehensive integration 

and testing of the entire ARTgriculture system have not yet been completed. Additionally, 

the current path planning algorithm is suitable for the initial development phase but re-

quires further advancement to handle more complex agricultural scenarios. 

Looking ahead, future work will focus on expanding the system’s operational capac-

ity and integrating advanced functionalities. For instance, adopting machine vision tech-

nology will enable autonomous weed and pest detection and removal, further strength-

ening the system’s potential to revolutionize modern farming practices. 
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