Principles of Sustainability to Create

Viable Systems

Precision agriculture relies on soil moisture sensors to optimize irrigation and improve water
efficiency. However, ensuring the long-term reliability of these sensors requires addressing
measurement bias and integrating sensor data with soil moisture models. Without proper filtering
and adaptive models, sensor readings can be inaccurate, reducing their usefulness in real-world

applications.

In this project, | was responsible for developing a filtering algorithm to correct measurement bias
and optimizing the soil moisture model for different soil types. This reflection explores the

challenges | faced and how | applied sustainability principles to improve sensor performance.

My main task was to improve signal processing for more accurate moisture readings. Initial tests
revealed systematic bias in sensor data, influenced by soil properties and environmental conditions.
A moving average filter helped smooth fluctuations but failed to correct long-term bias. To address
this, | explored Extended Kalman Filters (EKF) and adaptive filtering, which adjusted parameters

dynamically to maintain accuracy.

Additionally, | found that existing soil moisture models struggled with different soil types. Since

sensors measure electrical properties rather than direct moisture content, a conversion model was
needed. However, this model often produced inconsistent results across various environments. To
improve adaptability, | researched machine learning-based calibration methods and multi-sensor

data fusion, integrating additional environmental factors like temperature and humidity.

Initially, | struggled to balance noise reduction and data fidelity. Over-filtering could distort useful
information, while weak filtering failed to correct measurement drift. Similarly, soil moisture models

were often too simplistic, making them unreliable in diverse soil conditions.

As the project progressed, | realized that sustainability isn’'t just about conserving resources—it's
also about ensuring data reliability. Without adaptable filtering and robust models, the long-term
value of the sensor system would be compromised. This understanding motivated me to develop

solutions that ensured both precision and adaptability.

One major challenge was choosing the right filtering method. Traditional filters reduced noise but
couldn’t fully address sensor drift. If filtering was too strong, important variations in moisture levels

were lost. If too weak, errors accumulated over time. Finding the right balance was critical.

Another difficulty was the variability of soil types. The sensor’s electrical readings didn’t directly

translate to moisture content, and different soils retained moisture differently, making a single



conversion model ineffective. This led to inconsistent results when applying the same model across

different locations.

These issues made it clear that the sensor system needed to be more adaptive—capable of self-

adjusting to environmental changes while maintaining accuracy over time.

To solve these problems, | implemented EKF and adaptive filtering, which helped correct sensor bias
dynamically. Unlike fixed filters, these methods adjusted parameters based on real-time data,

improving long-term accuracy.

For soil moisture modeling, | explored data-driven approaches, using machine learning and multi-
sensor fusion (temperature, humidity, electrical conductivity) to improve estimation accuracy.
Instead of relying on a single equation, this approach allowed the system to adapt to different soil

conditions, making it more reliable.

Applying sustainability principles, | also focused on minimizing redundant measurements and
improving system efficiency. By refining filtering and modeling, | reduced the need for frequent

recalibration, making the sensor system more practical for real-world use.

This experience taught me that sustainability in engineering is about long-term reliability, not just
resource efficiency. A well-designed data processing system reduces errors, minimizes manual

intervention, and improves usability over time.

| also learned that robust soil moisture models are crucial. A simple one-size-fits-all approach
doesn’t work in real-world applications. By integrating machine learning and environmental data, |
found that sensors can adapt to changing conditions, reducing recalibration efforts and improving

performance.

Moving forward, | plan to explore sensor self-calibration techniques and Al-driven moisture models
that continuously learn from real-world data. These advancements could further enhance the long-

term effectiveness and sustainability of soil moisture sensors in precision agriculture.

This project helped me realize that sustainability is more than just efficiency—it’s about designing

systems that remain accurate, reliable, and adaptable over time.



