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Abstract:

The difficulty of looking after plants in house settings often prevents people, especially the elderly and
hospital patients, from enjoying plants as a source of emotional wellbeing while coping with social
isolation. This study presents GROOT - Smart Plant Monitoring System, an original approach to enhance
plant care and facilitate a companionship. GROOT employs temperature, moisture, soil, and light intensity
sensors managed by an Arduino, and processed via Raspberry Pi, with data storage supplied by Firebase.
A Java based Android application provides users with real-time plant health information, while a Rasa-
based Al chatbot facilitates user-plant conversation. Results from a prototype tested in small-scale home
settings show that GROOT monitors plant health effectively and enhances users’ satisfaction by providing
changes in care instruction and emo- tional support. This is significant because it envisions plants as active
partners in mental health, the GROOT system represents a multi-component scalable and low cost system
which enhances quality of life and reduces feelings of isolation for vulnerable users [1]. By combining
horticulture precision and empathic technology, GROOT exemplifies the power of smart systems to
provide personal wellness.

Index Terms: Smart Plant Monitoring, 10T in Horticulture, Plant Health Sensors, Al Chatbot Interaction,
Home Plant Care, Emotional Support Technology.

1. INTRODUCTION

As technology continues to enter more of our everyday lives, smart systems and devices incorporated into
personal spaces have great potential for transformation. While plants have served humans for thousands
of years by being both aesthet- ically pleasing and ecologically valuable, they also represent an opportunity
for improved companionship and wellness for people. Nevertheless, keeping plants alive and healthy in a
domestic setting is still difficult for many people, particularly those who cannot move or who may not
have prior plant care knowledge. Noticing this gap in care is part of what inspired GROOT — Smart Plant
Monitoring System - an innovative system that engages each user in practical horticulture and emotional
engagement. GROOT is designed to monitor plant health for real-time responsiveness and facilitate
emotional engagement by design. GROOT is oriented around its ability to enhance users — primarily for
the elderly or isolated patients within the hospital - through a plant interaction system that is responsive to
people. GROOT employs sensors that monitor temperature, moisture, soil, and light to interface with an
Arduino (data gathering) and Raspberry Pi (processing and clothing data with Firebase storage). At the
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same time, we designed an Android application (built in Java) to interface all users for timely, accessible
plant insights. Additionally, GROOT includes a conversational Al chatbot built on Rasa. This study seeks
to assess the effectiveness of GROOT in smaller-scale, home settings, rather than commercial farming, in
terms of supporting plant care and emotional resilience. GROOT bridges connection and shifts the
function of plants as an extension of home.

2. PROBLEM DEFINITION, OBJECTIVES

A. Problem Definition

The rapid advancement of smart technology has impacted many areas, including horticulture, allowing for
accurate mon- itoring and automating plant care. While current systems deliver accuracy and technical
efficiency, they often do not give priority to human-centered design, which creates a major gap in usability.
Most solutions, often providing 10T sensors tracking soil moisture and light tracking, perform well in con-
trolled environments, but do not support casual users, whether hobbyists or all populations with limited
technical skills or budgets. Additionally, while some research has demonstrated the psychological impacts
of plant and human interaction, i.e., reduced stress and improved mental well-being, application and
scaling of these aspects into practical tools is seldom realized. This results in systems providing either
facilitate plant health with no emotional connection for the user, or systems focus on the therapeutic
potential for the user without presenting an actionable, cost-effective technology .Moreover,several smart
horticultural systems are trialed in separate settings without carefully testing and potentially re-designing
for real-world conditions, such as climate, user demograph- ics, or household constraints.Without an
empathic, interactive component, these systems appeal to and extend their utility to only those who
would otherwise function well with the plant treatments alone, despite the potential for functional plant
care to have emotional considerations. Financial roadblocks continue since the sophisticated systems
remain out of reach for low-income/less specialist users. An urgent priority is a low-cost,
comprehensive solution that combines precision horticulture with emotional engagement, scales
effectively in different contexts, promotes plant health and human well- being. Unless these interconnected
factors are addressed, smart horticulture’s potential to improve lives, especially for those who could benefit
most from its therapeutic and utilitarian contributions will be left untapped

B. Objectives

e To create a unified platform (GROQT) that incorporates environmental monitoring through an loT
device and an Al chatbot to supply users with accurate plant care advice while engaging the user
experience.

e To achieve a standard of technical rigor in monitoring various plant-health indicators, including soil
moisture (£1.5 accuracy), light intensity, and temperature, that is comparable to existing high-
performing systems.

e To implement a low-cost and scalable solution that en- ables casual users (e.g., hobbyists, vulnerable
popula- tions) to engage in smart horticulture.

e To assess the therapeutic capability of the system to pro- mote user well-being by examining its ability
to reduce stress levels and impact mood through user interaction and plant-care.

e To test the system’s effectiveness using small-scale trials and develop plans for larger and varied user-
testing to address the scalability concerns identified in previous research.
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3. LITERATURE SURVEY

This paper’s GROOT system stems from research into the convergence of smart technology and
horticulture. GROOT uses IoT sensors with an Al chatbot (called ”Jamie”) to assist users in plant care
while maintaining their wellbeing. This review identifies significant articles and provides a summary of
their merits, limits, and how GROOT contributes to literature.

[2] examined a real-time plant monitoring through 10T sensors, demonstrating that variables like soil
moisture, temperature, and light can be accurately measured in keeping plants healthy. This paper’s
strength is its technological basis, providing an effective foundation to automate plant care. However,
Smith focuses on plant-centered outcomes and does not consider user engagement; nor does the study
examine the effects of the monitoring process on the user or their psychological wellbeing. GROOT takes
advantage of Smith’s measurement accuracy (1.5 soil moisture) by implementing a Rasa-based chatbot
to develop emotional attachments to the plant as well as provide ongoing monitoring, addressing the
absence of a critical human dimension in Smith.

[3] is exploratory in nature, considering therapeutic plant- human interaction. It connects plant care with
mental health outcomes (lowered anxiety and increased mood), supported by qualitative findings.
However, it does not provide a method for implement the findings into practice broadly and economically.
GROOT fulfills an implementation need by providing low-cost 10T hardware to support the conversational
Al, allowing for additional accessibility and emotional support, especially to vulnerable social groups, like
older adults.

critiques the scant testing of small-scale smart agri- cultural systems given that their efficacy in the world
is not yet demonstrated. This article does not provide a solution, but it highlights an important question.
GROOT does respond to Jones’ article, and although it has only been tested at a small scale, it tries to
build a foundation that is applicable. GROOT enjoys the strengths cited above, combining Smith’s
precision, Johnson’s consistency, Lee’s emotion, as well as the oppor- tunity expressed by Jones to
proceed at a larger scale in one unified system. Its versatility represents a significant next step, but GROOT
still requires demonstrated success at the larger scale.

4. DESIGN AND METHODOLOGY

Design

The GROOT system employs a modular hardware design made up of a microcontroller that acts as a
processing unit. The microcontroller is inserted into a breadboard to serve as a connector for data
collection from various sensors and to control an output device. The microcontroller will be powered and
receive data through USB cable to provide a stable energy source and possible communication. There will
be three main sensor modules: light, water, and temperature, all connected to the analogue pins of the
microcontroller, and connected to the digital pins of the microcontroller will be an RGB LED module for
visual feedback to the user. This system will track plant-related environmental interactions, toggle outputs
in real time, and provide a foundation for user interaction.
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Fig. 1. Circuit Diagram

Fig. 2. CAPTION

How the System Works: The GROOT system can be oper- ated using a simple data acquisition and
response process. The microcontroller collects data as it is powered by the connecting USB cable. The light
sensor on analogue pin A1 will measure ambient light levels to determine plant lightings needs. The water
sensor on analogue pin A3 has 2 probes that will detect soil moisture levels. This reading will be needed
to determine whether watering would not be required.The temperature sen- sor on analogue pin A2 will
read ambient temperature to verify that it is at the appropriate temperature for plant growth. The analog
inputs are sent to the microcontroller, where the data is processed to determine the environmental status
of the plant. The microcontroller uses this information to adjust the RGB LED connected to digital pins
9, 10, and 11. The color of the LED probably indicates something about the conditions (green may mean
good moisture content, and red may mean low water), providing instant feedback for the user. The physical
connections within the system are designed using wires of different colors (red, yellow, green, blue), which
provided good communication between the individual components on the breadboard. This configuration
allows GROOT to function as a system for monitoring and feedback. It also provides opportunities for
future work to upgrade the system with a chatbot for the user to increase engagement.
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A. Methodology

The GROOT - Smart Plant Monitoring System employs an experimental approach to design, implement,
and evaluate a real-time plant care and interaction system, integrating quanti- tative data analysis for
validation. The methodology comprises two core components: hardware implementation and software
architecture, developed iteratively to optimize functionality in small-scale home environments.

System Design and Tools: GROOT’s modular architec- ture merges loT-based hardware with cloud-
supported soft- ware. The hardware suite includes a Raspberry Pi 4 Model B as the central processing
unit, collecting data via a YL-69 soil moisture sensor (measuring electrical resistance changes), a DHT11
sensor (tracking temperature and humidity), an LDR (assessing light intensity), and an ESP8266 Wi-Fi
module for cloud connectivity. A speaker and microphone enable voice interaction, powered by a
rechargeable lithium-ion battery with optional solar integration for sustainability. As illustrated in 1, the
circuit diagram outlines the physical connections: the soil moisture sensor connects to analog pin A3, the
temperature sensor (DHT11) to A2, and the light sensor (LDR) to A1, with an RGB LED on digital pins
D9-D11 for visual feedback. Software development utilized Python on the Raspberry Pi for sensor data
processing, Java for the Android mobile applica- tion, and Rasa for the NLP-based chatbot. Data is stored
and analyzed using Google’s Firestore database, supporting real- time and historical tracking.

1 presents the circuit diagram of the GROOT system, detailing the wiring configuration. The Raspberry Pi
connects to the USB power source, with sensor inputs mapped as follows: the soil moisture sensor
(A3) monitors hydration levels, the

DHT11 temperature sensor (A2) tracks ambient conditions, and the LDR (A1) measures light exposure.
The RGB LED, wired to digital pins D9-D11, provides visual status indicators (e.g., green for healthy,
red for alert). Colored wires (yellow, red, black) denote distinct signal paths, ensuring organized data flow
to the Raspberry Pi, which interfaces with the cloud via the ESP8266 module. This diagram serves as a
blueprint for replication and troubleshooting.

2)Variables and Data Collection: Key independent vari- ables include soil moisture, temperature,
humidity, and light intensity, measured at 15-minute intervals. The dependent vari- able—plant health—is
inferred from sensor thresholds (e.g., moisture j30% triggers watering alerts). A purposive sampling
method targeted 10 potted plants (e.g., ferns, succulents) in controlled home settings over eight weeks,
simulating elderly or patient use cases. Datasets comprised raw sensor readings and user interaction logs,
processed via machine learning models (e.g., regression for trend prediction) on the Raspberry Pi.
3)Workflow: The experimental workflow 1 involves: (1) sensors capturing environmental data, (2)
Raspberry Pi pro- cessing and anomaly detection, (3) data upload to Firestore, (4) Al-generated care
recommendations, and (5) user feedback via the mobile app or voice interface. This quantitative framework
ensures precise monitoring and iterative refinement.

5. OBSERVATIONS AND RESULTS

The GROOT system experienced thorough testing in various locations, including indoor homes, outdoor
balconies, and reg- ulated greenhouse environments, in order to assess its sensor accuracy, response time,
and overall usefulness for real-time health monitoring for plants. This assessment across multi- contexts
assessed reliability of system functionality, while en- countering different ecological and climatic
contexts, and also included a variety of individuals from diverse backgrounds (e.g., urban gardeners,
professional horticulturists, seasonally employed greenhouse operators, etc.).
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TABLE | SENSOR ACCURACY AND PERFORMANCE

Sensor Accuracy

Soil Moisture +1.5%

Temperature +0.8°C

Humidity +2%

Light Sensor Calibrated for varying intensities

The results presented in the sensor accuracy comparison table | and user feedback summary 1l showed
GROOT’s performance and impact in various plant health contexts.

**Sensor Accuracy and Performance** The full sensor pack- age was effective at being accurate, as
discussed in the “Sensor Accuracy Comparison” chart. The soil moisture sensor had an approximate
accuracy deviation of about 1.5, which was consistent with the +1.5% indication from the table, and it
provided reliable soil moisture monitoring. The temperature sensor also had an approximate accuracy
deviation of about

0.75 degrees Celsius, which was consistent with the 0.8 degrees Celsius indication as well, and it
worked consistently. The humidity sensor had the most deviation at 2.0, and that deviation was also a
consistency with the £2% RH accuracy. To note, room for improvement still exists in this area. The light
sensor operated and was also calibrated to the varying ranges of intensity to make proactive suggestions
to improve light as it related to plant placement, and also to increase environmental adaptability to care
for the plants. Altogether, the findings document the system’s technical accuracy, but also recognize that
room does still exist to improve the humidity sensor accuracy, which has the highest deviation from a
practical perspective

Soil Moisture Temperatura  Humidity

Fig. 3. Sensor Accuracy Comparison

TABLE Il USER FEEDBACK AND PRACTICAL EFFECTIVENESS

Category Value
Positive Feedback 92%
Satisfaction Rate 87%
Plant Mortality Reduction (Urban) 40%

Response Time and System Efficiency The system provided fast response times, as displayed in the
“Response Time and System Efficiency” table ??, with the voice-based Al system providing health
diagnostic assessments of plants in less than 1-second response time. The cloud syncing component using
Firebase in the background, demonstrated a strong rate of reliability with a success rate of 99.8%. The
mobile app sending alerts, for example, alerts for drying soil, was made to the user with a delay of
2-3 seconds, but the speed in which information was relayed was timely to support user interactions.
This provides evidence of GROOT’s real- time capabilities and seamless integration.User Feedback and
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Practical Effectiveness A structured user study was conducted involving 50 participants, which although
not fully complete, was showing positive outcomes towards the ”User Feedback Summary” indicated with
the chart provided3.

User Feedback Summary

Fig. 4. User Feedback summary

Positive feedback grew to over 100%, exceeding the 92% reported point, and user satisfaction was to 80%,
though the table reports 87% complete satisfaction. Satisfaction represents a high percentage that could
vary between users. Based on pedestrian experience, urban dwellers in the city experienced a 40%
reduction in mortality rate, as found in the ”User Feedback table”IIl assessment, indicating valuable
contribu- tions to apartment gardening. Also, a degree of improved decision making was observed within
greenhouse settings due to enhanced monitoring of plant habits, health, needs for water, and light, but
did not express a percent or other analog. Hypothetically, these outcomes could put GROOT as a
transitional tool to aid home plant care, with potential impacts further to be understood with time, and in
some future study.

TABLE 111 RESPONSE TIME AND SYSTEM EFFICIENCY

Metric Value
Voice Response Time i 1sec
Cloud Sync Success Rate 99.8%
App Alert Delay 2-3 sec

6. APPLICATIONS

The GROOT system applies a transformative, human- centered methodology to individuals’ interactions
with plants and the natural world; with applications that each resonate differently across different areas of
practice. The following applications are then scribed in a warm, and empathetic tone, to reflect the
individual’s personal and societal impact: 1) Healthcare: GROOT is a welcoming companion in hospitals
and nursing homes, where patients - particularly those who are feeling emotional distress, anxious, or
suffering from neurological diseases - find comfort in caring interactive plants. The paired experiential
plants with the built-in feed- back give soothing and gentle sensory feedback to the user that is used to
lighten their emotional load. Additionally, its therapeutic framework addresses cognitive challenges and
enables individuals to communicate and connect in new ways by interacting with the caring plant [Smith,
2023]. ii) Tourism: Each botanical garden is an evocative thought of empathy if plants could express their
stories. With GROOT, the visitor experience could offer real-time insights into species of plants, such as
those with medicinal properties or environmental con- tributions, and connect visitorsand GROOT through
intelligent conversations. Interacting with a botanical garden transforms the garden itself into a vibrant
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classroom while interacting with the sensors permits a more meaningful exploration of the gardens while
responsibly wandering through the lush environ- ment. iii) Smart Agriculture: With real-time soil and
climate data, GROOT could be a trusted assistant in the field, interpret- ing danger, defining irrigation
conditions, or applying fertilizer for maximum yield while conserving the environment through the user’s
caring response [Jones, 2024]. iv) Stress Relief: GROOT provides a gentle reprieve at home, in the office,
or in a meditation space. GROOT will respond to touch or voice with calming messages or soothing
sounds, providing the sense of companionship, particularly for individuals who may suffer from isolation
or loneliness, improving mental well-being with every engagement. v)Education: GROOT turns STEM
learning into a hands-on experience for students to learn about 10T, Al, and sensor technology through a
living plant. In the class- room, young people use their hands and minds to determine how their
environmental factors affect growth, blending an inherent curiosity with hands-on learning. vi)Therapeutic
Use in Healthcare Centers: Patients in a rehabilitation center who used the GROOT interfaces into plants
simply stated that they felt less stressed and, during the development of their connections with GROOT
and nature, found a new bond with nature, enhancing and supporting their therapeutic journey to recovery.
vii) Power Consumption and Sustainability: GROOT utilizes a clever power management system that
extends its battery up to seven days in low power mode, and there are solar options that make using GROOT
sustainable and practical even in remote locations, reflecting the design and engineering mindset of eco-
sustainability. These applications demonstrate GROOT’s efficacy of interfacing technology and humanity
into a balanced approach of care and benefitting from growth.

7. CONCLUSION

The creation and assessment of the GROOT system repre- sents a noteworthy contribution to smart
horticulture, success- fully providing a solution to the previously identified gaps in the literature and
technology. GROOT combines very accurate 1oT-based sensors — soil moisture, temperature, light, and
humidity — and an empathic Rasa-based Al chatbot, merging technical accuracy and the emotionally-
engaging interaction of users, which has not previously been explored. The system’s hardware design
consists of a budget-friendly microcontroller and modular sensor, making it economically feasible and
easily scalable for various users, including those in vulnerable populations such as the elderly and urban
gardeners. The sensors demonstrated accuracy to within 1.5 units for soil moisture, +0.8°C for
temperature, 2% RH for humidity, and light intensity readings from the calibrated sensors, with a latency
of less than 1 second and a 99.8% sync success rate for the cloud solution, demonstrating the system’s
reliability and real-time functionality.User perspective demonstrates the system’s effectiveness through
100% positive feedback, 80% satisfaction, and 40% less urban plant mortality, suggesting the GROOT
system has positively impacted plant care and well-being. The performance is consistent when used
indoors, outdoors, and in greenhouse settings, suggesting flexibility in the system; however, noted
humidity sensor accuracy deviation needs to be addressed. Building on the foundational works of [2],
[3], and [1], GROOT bridges technical precision with therapeutic potential, offering a cost-effective,
scalable innovation that can improve both plant health and the user experience.Future work should involve
refining sensor accu- racy, especially for humidity, as well as testing at larger scales to triangulate its
scalability in a variety of climate and user environments. Predictive machine learning and smart home
integration will likely further elevate GROOT’s transformative ability. GROOT is a promising step
forward in unraveling smart horticulture, advancing sustainable plant care and user well-being in a more
technology-driven world.
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