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Abstract : The purpose of this paper is to present the design and research foundation of the Nurtura Smart Pot, an Internet of
Things (loT)-enabled plant care system developed specifically for urban households in India. The research study addresses a key
challenge in home gardening, the lack of timely, actionable, and easily interpretable information required for effective plant care.
Although many new household individual aspire to maintain healthy houseplants, they often struggle to provide appropriate care
due to insufficient feedback and monitoring mechanisms. This study integrates findings from a review of seven academic sources
with primary research conducted among twenty residents of urban population in India. Data were collected through focus groups,
home visits, and co-design sessions to better understand users plant care practices, challenges, and expectations. The findings reveal
a significant gap between awareness and action. While most participants demonstrated an understanding of their plants’ basic care
requirements, fewer than half consistently carried out the necessary maintenance activities. Furthermore, 80% of participants
reported having lost at least one houseplant due to forgetfulness or extended periods of travel. The study also identified strong
interest in automated self-watering solutions, with participants expressing a preference for systems that combine automation with
the flexibility of manual override controls.

Index Terms - Smart planter, 10T plant care, urban horticulture, feedback systems, soil sensing, automatic irrigation,
human-centred design, user behavior, smart home devices

. INTRODUCTION
Domestic plants have an unusual position between a living entity and a created object and have been given little attention in design
research. There has been a sustained increase in interest in indoor gardening, partly as a response to physical confinement during
and after the COVID-19 pandemic, partly due to a trend toward biophilic design, and partly due to a desire to connect with nature.
Urban residents between the ages of 20 and 39 (millennials and Gen Z) have played a significant role in driving growth in the smart
indoor gardening market, which is projected to increase from $2.9 billion in 2025 to $4.9 billion in 2034.

While the market for smart indoor gardening continues to grow, a recurring theme for those purchasing smart gardening systems
has been high levels of plant mortality; not due to neglect, per se, but due to a failure of the indoor plant and its owner to establish
a feedback relationship. Plants do not convey their needs to owners in a timely manner, and by the time, plants exhibit early warning
signs of wilting they have, in many cases, already suffered irreversible damage. This is akin to an interaction design scenario where
the system has not developed an output state that can clearly be interpreted by the user.

The develops an innovative Al centred, integrated design to create a multi-layered architectural framework replacing fixed moisture
threshold with variable moisture thresholds determined from predictive models using a combination of a cloud-based machine
learning and reinforcement learning to facilitate predictive irrigation. By using the cloud, the system can respond to environmental
variables and improve water consumption efficiency and plant health but faces challenges including drift in the sensors and an
absence of a greater awareness of the user’s ability to interpret the information; thus its application is limited primarily, for the
home user [1], They developed their system to integrate the Arduino platform, using resistive moisture sensors with wi-fi and a
smart phone interface in combination with an assumed manual control based on threshold based computations. While this system
enables users to monitor the plants in real-time, the ability to perform manual control still relies heavily on the users' knowledge of
how the various components work. Their emphasis on correct user interface design highlights an important component of providing
access to readers for the purpose of interpreting the readings by referring to the specific input used to gather the moisture value [2].
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Even much more sophisticated solution consisting of a Raspberry Pi based solution, using Convolutional Neural Networks (CNN),
dynamic scheduling algorithm and the ability to identify plants and monitor their health through various means of dynamic
scheduling. Although this design was able to maintain a high level of accuracy and reduce manual intervention, the overall
complexity of this design appears to align itself with either research, enthusiast or experimental users during normal household
applications [3]

Il. LITERATURE REVIEW

As part of the literature review referred, many papers related to plant development IOT based plant care systems. The features an
ESP32-based smart pot which is powered by solar energy. An array of environmental sensors is used to monitor conditions, outfitted
with an OLED display, and can be monitored with a mobile application. This document is the closest to being aligned with Nurtura,
bridging the gap between technical capability and user-focused design [4].

The smart gardening will provide an assistive infrastructure that allows for continued engagement for individuals with physical,
cognitive, or mobile limitations. Examples of systems they discuss are automated irrigation systems, programmable LED grow
lights, and remote monitoring dashboards. While these examples of technological tools demonstrate automation, they also reduce
some of the physical and cognitive burdens associated with providing care. This change in perspective demonstrates that smart
gardening can be seen as an accessibility intervention instead of a convenience tool and confirms the findings from the Bengaluru
research that show that plant failure was due more to a lack of structural support for the ongoing behaviours related to caring for
plants than to a lack of knowledge on how to care for them [5].

The traditional usability evaluation metrics, such as measuring task completion rates or counting errors, are inadequate for
measuring how user-friendly and effective contextually aware, autonomous systems, such as smart homes and ambient systems,
operate. Therefore, a multi-dimensional framework which includes measurements of effectiveness, efficiency, user satisfaction,
privacy, trust, naturalness and social presence with a heavy emphasis on longitudinal, real-world studies is necessary [6]

In 2025, the worldwide smart indoor gardening sector will be worth about $2.9 billion, and it is expected to increase to $4.9 billion
by 2034 at a rate of 6.1% annually. There are three main reasons this growth will occur, the dramatic increase of people who kept
plants indoors due to COVID-19, the growing affordability of small-scale loT devices, and increased consumer demand for smart,
responsive domestic products in many consumer product categories [7].

Biophilic design strategies play a vital role in improving urban wellbeing by alleviating stress, strengthening social interaction, and
enhancing environmental quality. Successful interventions integrate elements such as vegetation, water features, natural lighting,
sensory-rich materials, and strong spatial connectivity for urban users. This reduction in stress about 25% and social cohesion by
18% rise and environmental satisfaction by 30% increase [8].

Understanding consumer behavior is essential for developing products that minimize environmental and social impacts. Studying
user behavior and observation helps identify the gap between environmental and social awareness and actual consumer actions.
Since many products are used automatically with little conscious deliberation, consumer interaction with products reflects cultural
and social values. Improving product design can encourage behavior that is more responsible and support sustainable social and
environmental practices [9]. This paper focuses on determining low-cost soil moisture and soil water content. The study
experimentally characterized a commercial capacitive soil sensor integrated with low-cost 10T applications. Different levels of soil
sample compaction led to significant variations in the sensor’s output voltage [10].

Bengaluru, India serves as a compelling target market thanks to its youthful urban demographic, disposable income level that is
above average, high rates of smartphone ownership and the level of experience that its consumers have with loT-enabled products.
The trend towards home wellness will continue to foster interest in the care of plants; thus, plant care exists at the confluence of
wellness, home decorative elements and consumer technology all three sectors are growing locally at an accelerated pace.

The "smart" plant care market can be broken down into three categories, each of which offers only part of a solution. For example,
passive systems such as Lechuza and Click & Grow Smart Garden utilize a subsoil reservoir and capillary action to provide water
to the plants. These systems are designed for low maintenance, are visually harmonious with their environment, and do not require
power or connection.

The primary drawback of the passive systems is that they lack the ability to sense, be intelligent, or provide feedback to the user.
This means that users of the passive systems cannot monitor the level of water in the system, the performance of the system, or the
health of the plant. While the passive systems will automate the care of a plant, they will not provide any form of communication
or insight on the success of the plant’s care.

Products using sensors like Xiaomi Mi Flora or Parrot Flower Power utilize data-gathering techniques to actively gather
environmental information about temperature, humidity and light levels but while users have access to that data through mobile
applications, they must act manually using that information. There are two issues with this type of approach: 1) it creates a
significant interpretation gap for the average user when they translate these data readings into care decisions, because they lack
either the experience or desire to learn how to make those translations.
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Figure 1- Competitive products in the market

When using automated irrigation on gardens/balc (i.e. using systems like Gardena Smart or Rachio), they offer highly advanced
systems; these are designed for the outdoors & very large-scale (use) gardens; while they do work great in large gardens, it does
not work well with indoor plants (i.e. the types of systems you're speaking about). In addition, the price point of those types of
systems make them excessive for the average consumer in the domestic market.

2.1 Ethnography Study

Primary data was collected via four methods in order of decreasing generality (eg: from broad generalizations to detailed contextual
insights). Focus groups (3 - 5 participants) were conducted to gain insight into common perceptions about caring for plants, the
emotional consecutiveness participants have with their plants and participants responses to early ideas for products.

Figure 2- Field research in progress: home visits and ethnographic observation in Bengaluru.

I11. DATA ANALYSIS

Qualitative data from focus groups, home visits, and co-design sessions was analysed using thematic coding. Around forty initial
codes were grouped into key themes such as care failure modes, emotional responses, feature needs, aesthetics, and trust concerns,
then aligned with secondary research. Quantitative data was analysed using frequencies and cross-tabulations to identify patterns
across user types.
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3.1 Unmet Needs: A Synthesis

The thematic analysis of qualitative data, integrated with the survey findings, produces a map of six unmet needs that collectively
define the design opportunity Nurtura occupies. Each need is briefly elaborated below, as it emerged from the data and as it connects
to the product's design decisions.

1) Real-time feedback delivered as interpretable signals, not dashboards. Participants preferred clear guidance over raw data.
Those who used devices like Xiaomi Flora stopped engaging because metrics lacked context. They wanted simple
confirmation of plant health, not numerical readings.

2) Users wanted a buffer during periods of inattention, especially travel. The goal was not to remove responsibility, but to
prevent irreversible damage while they were away.

3) Learning support through gentle prompts, not instruction manuals. Participants were open to learning, but only through
timely, contextual prompts. Static instructions felt effort-heavy, while in-the-moment guidance was seen as useful and
manageable.

4) Space efficiency appropriate to urban living. Limited shelf and windowsill space made compact, integrated solutions
essential. Multi-part systems with separate reservoirs or cables were seen as impractical.

5) Aesthetic integration into the home, not aesthetic compromise. Users rejected products that looked overtly technological. The
expectation was a planter-like object that blends into the home, not a visible gadget.

6) Affordability within a defined value ceiling. The product price approx. 3,500 range reflects a perceived value limit.
Participants questioned higher prices not due to affordability, but due to lack of trust in existing smart plant product.

The Competitive Gap noted by the researcher, in existing market no products provide an automated watering system, multi-create
sensors (temperature + light + humidity + soil EVAP + AC system EVAP) + solar powered/fridged + clear, easy to understand app
feedback + plant-specific information & designed in a compact system for an acceptable price (modestly below %3,500). All
competing products in the market have addressed one or more of these features (separate from each other). No product currently
offers all of these within one single product that will address the specific needs of urban consumers; therefore, Nurtura will fill this
gap. The product feature consists of Sensing Layer: Soil Moisture, pH, and NPK, Multi-parameter sensor integration, Automatic
Watering Actuation, Connectivity and Mobile Application.

3.2 Planning of Cost estimation

The following Bill of materials (BOM) reflects component-level costs at production volumes of approximately 1,000 units. At
5,000-unit runs, molded parts and PCB fabrication costs drop meaningfully, with a realistic BOM target of approximately 1,600 to
2000 at that volume.

Table 3.1 Cost estimation

Component Estimated Cost
Stoneware ceramic shell (Morbi/Khurja) 180-300
Food-grade PP inner liner with reservoir 60-90
ESP32-S3 microcontroller 200-280
Capacitive soil moisture sensor 120-180
pH sensor module (DFROBOT SEN0169) 600-900
NPK sensor module (Seeed/JXCT RS485) 800-1,200
SHT31 temperature/humidity sensor 80-120
Solar cell (ETFE monocrystalline, ~500m2) 200-300
LiPo battery, 2,000mAh 180-250
Peristaltic pump + food-grade silicone tubing 250-400
PCB, conformal coating, connectors 150-200
POM pump housing, miscellaneous moulded parts 80-120
Packaging 80-120

From the ethnography, study participants are ready to pay rupees 32,000-%3,500 range, covering eleven of twenty participants. Four
were willing to pay %3,500-%5,000, indicating potential for a premium tier. The average price of about 32,750 sets the target for the
first product, highlighting the challenge of delivering a functional, well-designed IoT device within a 33,500 limit, so that product
success in the market.
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IV. CONCEPT DESIGN

The concept design process is the primary, foundational phase of product development. It bridges the gap between fresh ideation
and detailed engineering by turning abstract problems into clear, tangible product directions that define how the product looks,
feels, and functions. This iterative process ensures the product meets user needs while remaining technically and financially viable
before heavy manufacturing or coding begins. Considering above parameter generate the concept for Nurtura Smart Pot (Technical
Requirements — Concept Exploration — Details on Final Design Acquirement including Renders, Brand Development, App and
IoT Interaction) is documented in this section as an integrated progression, which provides evidence of the research and can be
translated into a realistic, manufactural product design.

Nurtura Smart Pot - Concept Design Sheet
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Figure 3 - Concept ideas Documents external aesthetic directions
4.1 Concept Ideation: Technical Aspects to the product Development

In the idea phase of the project, developed 15 different concepts around the same theme all at the same time with diverse forms
(e.g., shapes), materials, and interaction design (e.g., minimal functional form to expressive, technologically forward and long (like
awindow box)) in order to explore a wide range of possibilities before selecting a final idea. Each concept was then analysed against
a weighted ranking matrix, based on research insight and core design principles, against a variety of criteria that included: Aesthetic
fit - does it feel like a planter, Cost feasibility; Urban home spatial suitability; Integration of solar elements; Clarity of user
interaction. The "Intelligent Botanist™ concept was defined by an octagonal shape with leaf motifs; textural surface; touch-capacitive
edge; and face-mounted display and scored the highest on criteria to be selected for continued development.
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Figure 4 - Concept directions developed during the ideation phase.

4.2 Final Concept selected for further development

One concept selected and modified the sketch in to octagonal shape and named as “Intelligent Botanist,” features and shaped
footprint that will make the product stand out but also provide a compact design for the various sensors and water reservoir that
will be housed within. The overall height of the product (approximately 180 mm) allows it to sit naturally on a desk, shelf, or
windowsill without dominating that space. The product’s shape supports two purposes; it supports the functionality of the product
and provides an attractive look. A circular intelligent display with touch-capacitive trim in gold will provide the primary user
interface at the front of the product. The display will use an animated face to provide plant health information, which will provide
an emotional basis for communicating plant health rather than purely providing numeric data. Design details such as embossed leaf
designs, consistent surface textures, and indentations for gripping for the sides of the product all create a balance between usability
and a high-quality appearance and feel for the consumer.
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Figure 5- Final concept and rendered model

4.3 Product Renders

To provide a detailed view of the final product with high-definition renders that allow for clear views of material and finish therefore
confirming the commercial attractiveness and visual balance; they have been designed to provide a premium/industrial/technical
identity (botanical, premium or true industrial/product) in a multi-part combination of white matte/clean finish product. This
combination does not play favors toward one part or several parts of this design are more appealing than others.
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4.4 Branding and Poster Design

Using a product poster for communicating the Nurtura brand and concept in a holistic manner for use at retail and digital. The poster
places the Nurtura product into a framework of Curated Care, i.e. Personalized versus generic automation, species-specific versus
general species support, the product is based on 36+ different plant profiles.

INTELLIGENT BOTANIST (curated
Expiore o tich dotabose of 34+ curtted plant profies.
vemonitored for personalzed attention. The perfect
cormpanion for efforfies hoene gardening

Figure 6 - APP and sensor indicator bar (Water Status, Air Temperature, Ambient Light, Relative Humidity, Message
Notification) visible at lower frame.

The visual environment of the product poster is a warm, natural home or user environment to provide examples of where users
would typically find their plants. This places the Nurtura product into an everyday-use setting rather than an aspirational, lifestyle-
based setting. In addition, the circular graphics of each of the 36+ plant profiles creates a strong visual indication of the intelligence
of the system. Also, indicates the animated facial expression on the device provides a dominant focus that communicates the primary
point of the product’s design: to provide visibility to the health of your plants, to provide an intuitive means of identifying a plant's
needs, and to make the health of your plants engaging on an emotional level.

V. App Integration lIoT Experience
5.1 Ul Development

The primary means of connecting users' plants to 10T is through the Nurtura companion app, which is user-friendly and engaging
and provides users with a long-term interaction with their plants. The app has four distinct screen clusters (Monitoring, Control,
Insights & Gamification, and Utility & Plant Hub) that support different aspects of how the user interacts with their plant. The
overall design of the user interface uses a progressive disclosure model where the default view is simple status-type information,
but deeper detail can be found at the touch of the screen. As such, the information provides clarity on an easy to use and non-
overwhelming complex system.
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NURTURA APP: INSIGHTS & SOCIAL/GAMIFICATION HUB
INSIGHTS SOCIAL / GAMIFICATION
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Figure 7- Nurtura app - Moisture, Sun-Lover, Master Propagator, First Harvest
5.2 Monitoring and Control Screens

The monitoring screens focus on the most important plant care errors, such as pests and diseases that may go unseen; changing the
watering needs of plants because of outside weather conditions; and unseen indoor environment problems. The Pest & Disease
Alert function uses computer vision to identify leaf problems early, while providing users with suggestions on what they can do
about them. The Weather Sync feature allows the system to automatically change both water and light based on current weather
conditions, while at the same time, informing users of those changes; and the Air Quality/CO: screen converts complex sensor
information into simple, straightforward status indicators. The control screens provide users with the ability to have their plant care
automated, but also under their control. For example, the Lighting Control feature simulates a natural sunrise/sunset cycle as a
means of supporting the plants, and the Nutrient Dispenser allows users to simply schedule their use of fertilizer in a straightforward
calendar format. Additionally, the AUTO vs MANUAL toggle allows users to easily understand.

5.3 Monitoring and Control Screens

The goal of the Insights and Social/Gamification Hub is to establish trust in users' ability to care for plants. In addition to providing
automated environmental systems for caring for your plants, this hub provides value-added features that provide visual
documentation/data regarding the growing lifecycle and provide content-based notes reflecting changes that happen in the plants
over time. Combining both visual and contextual records together allows the user an avenue to really learn about the lifecycle of
their plants. Another feature, the Growth Harvest Predictor, estimates growth timelines for when user will be able to harvest your
plants. The social element of the hub provides users with motivation through Community Benchmarks. This feature provides the
user the ability to compare their progress against other users growing the same type of plants while still allowing for privacy and
statistical fairness. The hub also employs an Achievements System that recognizes the caregivers for their continual care of their
plants and helps develop good caregiver habits, particularly during the early development stages. In combination with the Plant
Health Score, which provides a user's simple overall plant health status, the above features create an enjoyable, educational,
motivating and skill developing experience for users taking care of plants.

5.4 Utility, Settings, and Plant Library

The Utility and Plant Hub serves as the backbone of the operational elements of the Nurtura system. This includes notifications,
connectivity, calibration, and plant identification. Users have the ability to customize notification alerts (to alert themto low battery,
dry soil, frost, pests, etc.) to ensure they stay informed without being bombarded with notifications. Many of the device settings
(such as WiFi, firmware updates, pot naming and calibration) utilize a similar interface as that of a smartphone.

Key features include the Plant Library and Seed Packet Scanner. This feature allows users to quickly onboard their plants by
scanning a seed packet (for example, basil) and automatically identifying the plant and applying the optimized care settings to the
plant in the application in seconds; therefore, no manual research is needed to care for the newly seeded plant. Additionally, a search
function provides similar assistance to users for any existing plant they are caring.
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MONITORING SCREENS

Weathe

Figure 8. Nurtura app — Utility and Plant Hub. Left: Notifications and Alerts (Low Battery, Dry Soil, Frost
Warning, Leaf Pattern/Pest toggles) and Device Settings (Wi-Fi, firmware version, pot name, sensor
calibration). Right: Plant Library with and barcode scanner—scanning a seed packet barcode identifies the
species and loads ideal care settings (Light 16h, Water 75%, Temp

20°C) automatically.

The features designed in the Digital Interface ultimately contributing to delivering a complete 10T experience, which aligns with
Nurtura’s principles of invisible intelligence through automated background processes. The process depicts emotional clarity
through simple, human-readable feedback (as opposed to raw data) aesthetic-first design through a clean, nature-inspired design;
and effortless-to-advanced usability through intuitive defaults, with deeper-level default controls available as users gain confidence
in using the application.

NURTURA APP: UTILITY & PLANT HUB

UTILITY & SETTINGS PLANT LIBRARY & SCANNER

i Nurturg Nurturg

—
:
:

TAP TO SCAN
BAICO0E

LENDHED: SAEET A CENWL: FWET SO
O 3 il 20 T = bt il e

LOAR LA TS 108 Bt

Figure 9. Nurtura app — complete screen ecosystem overview, illustrating the full navigation structure and the
integration between device (loTpot), application (monitoring, control, insights, settings), and user.

VI. DISCUSSION

6.1 Project Discussion

In this research, it was found that the failure of people to care for their indoor plants could be attributed to structural issues rather
than to the attitude of lack of interest. The author contends that developing a communication system (and not just having a machine
that provides water) is the solution. There is a correlation between the successfulness of a system and its ability to provide timely,
relevant, actionable feedback to users (many of whom already have expertise in indoor plant care). The failure to provide feedback
has proven to result in creativity and frustration for the experienced indoor plant owner, as they were not given the appropriate
signal to take action in a timely manner.
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The approach that Nurtura, the creator of this product, has taken to solve this problem is to make the user feedback loop the main
feature of the product, while the automatic system (watering machine) is only supporting structure that provides a finished system.
The rationale for this approach is based on user comment's stating that most do not want to be replaced, but want to receive support
in care for their plants. The goal was to provide an interactive system that would create an environment that would engage the user,
promoting user self-sufficiency. The Nurtura Project demonstrates that designing loT devices for the mass market involves learning
broader lessons. For example, it moves the way of looking at a design away from the technical components of how these things
work (sensors, actuators, apps, etc.) to how users relate to the object being controlled. Therefore, how the system communicates,
clarity and emotional relevance, is as much a part of the design as technical performance; this premise is true for all IoT domains
including health, energy and home security. The Nurtura Project also changes the way researcher think about automation and user
agency in our home environments. Many users do not want their homes to be fully automated. They want a combination of solutions
that handle repetitive tasks but still give them a level of control over what happens in their homes. This is evidenced by the Nurtura
Project's results, which show a strong preference for a hybrid model where automation takes care of the default and users make
adjustments as needed this means designing systems with features that allow user intervention (manual over-ride) and automated
operation.

VII. Conclusion

The Nurtura Smart Pot re-imagines that users care for plants by providing an innovative solution to the way everyone care for our
plants. This product aims to change the passive nature of a pot into an active communication device. A combination of literature
reviews and fieldwork with plant owners in urban area. Using the proposed device will give motivation to the urban users without
any hassle and connected. Thus, the proposed device enhance the user interaction and connectivity with the plant care. Increasing
the air quality issues in urban area needs attention to rejuvenate the living spaces with planting. The Smart Pot uses four principles
to address this challenge: invisibility of intelligence; clarity based on emotion; aesthetic-driven design; and scalability (ranging
from very simple to very sophisticated). The Nurtura Smart Pot achieves this through its five layers of technical architecture.
However, it is important to validate this concept through functional prototyping and testing, especially with respect to sensor
accuracy, pump reliability, NPK sensing and recommendation systems.
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