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LoRa mesh networking has emerged as a compelling platform for university research, offering a
low-cost, long-range, and flexible infrastructure for a wide range of academic projects. From
environmental science to electrical engineering, campus deployments provide both practical
research infrastructure and rich learning environments for students at every level.

Environmental Monitoring Sensor
Networks

Universities with large campuses, arboretums, or adjacent natural areas have deployed LoRa mesh
grids to collect continuous environmental data without the cost of running wired infrastructure.
Typical sensor payloads include temperature, humidity, soil moisture, light intensity, CO2 levels,
and particulate matter (PM2.5/PM10). A single gateway can serve many remote sensor nodes over
an area up to several square kilometres under favourable line-of-sight conditions; effective range is
much shorter in dense forest or built-up terrain.

Specific research applications include:

e Forest ecology monitoring grids: Multi-node arrays placed throughout forested
research plots track microclimate variation, canopy temperature differentials, and
understory humidity. LoRa mesh sensor networks can reduce the need for labour-
intensive manual transect readings in field research.

e Urban heat island mapping: Dense node deployments across urban university
campuses (paired with rooftop and pavement-level sensors) generate high-resolution
thermal maps useful for urban planning and climate adaptation research.

e Hydrology and watershed monitoring: Stream gauges, rainfall sensors, and soil-
saturation nodes feed real-time data into watershed models without the cost of licensed



cellular data plans.

Student Project Platforms

LoRa mesh hardware (primarily Meshtastic-compatible devices based on the ESP32 or nRF52840
chipsets) is exceptionally well suited for undergraduate and graduate project courses. Students
gain hands-on exposure to embedded systems programming, RF propagation theory, packet radio
protocols, and mesh networking algorithms - topics that span electrical engineering, computer
science, and physics curricula.

A typical senior engineering capstone project might task student teams with deploying a three- to
five-node network, characterising link quality across different terrain types, and correlating
measurements against a path-loss model appropriate to the environment (for example, the Friis
free-space equation for open line-of-sight, or a log-distance path-loss model for cluttered terrain;
note that the Okumura-Hata model is designed for cellular macro-cells and is not a natural fit for
short-range LoRa links). Because the firmware is open source, it can also serve as a base for
graduate experimentation with custom spreading-factor scheduling and adaptive data-rate
algorithms.

Cross-Campus Coverage and Emergency
Integration

Large university campuses - particularly those spread across hundreds of acres - face the same
last-mile communications challenges as rural communities. A permanent mesh backbone installed
on building rooftops or water towers can provide a low-bandwidth, best-effort secondary text
channel that supplements (rather than is integrated into) campus emergency notification systems.
It is not a certified component of a life-safety mass-notification system. During incidents, mesh can
serve as a redundant, non-guaranteed channel for staff coordination; it must not be relied on for
time-critical mass notification (e.qg., active-threat lockdown alerts), which require the campus's
primary emergency notification system. Mesh delivery is best-effort and independent of cellular
infrastructure and the campus IP network.

IRB Considerations for Mesh Data
Collection

Research that involves human-subjects data - even indirectly - may require Institutional Review
Board (IRB) review. Mesh nodes that log GPS coordinates of human-carried devices, or that capture
any personally identifiable information as part of a study, typically fall under the Common Rule (45
CFR Part 46). WIiFi/BLE sensing that detects or tracks identifiable people can also trigger IRB



review. Researchers should document: what data is collected, how it is stored and for how long,
whether participants are identifiable, and what consent procedures are in place. By contrast, purely
environmental sensor networks with no human-subject component generally do not constitute
human-subjects research at all and fall outside IRB jurisdiction (this is a question of scope, not an
"exemption" determination). Even so, researchers should confirm the categorisation with their
institution's research compliance office before deployment.

Getting Started

Most universities have an electrical engineering or computer science department with existing
familiarity with embedded platforms. Starting with a small three- to five-node pilot deployment in a
single building or courtyard allows students and faculty to validate the toolchain before scaling to a
campus-wide network. The Meshtastic project maintains open documentation and an active
community forum, and several universities have published their deployment architectures as open-
source repositories.
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