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1 Abstract

Growing demand for asset tracking is fueling the need for IoT applications that support
low-power, long-range communication and accurate geolocation capabilities. Seeed Studio’s
Wio-WM1110 Module, which features a LoRa transceiver for extensive, low-power network
coverage, GNSS and Wi-Fi scanning for location tracking, and multiple sensors, becomes a
promising platform for developing multi-functional geolocation systems. However, executing
multiple applications concurrently on a single device presented significant stability challenges.
Furthermore, the high complexity of the legacy code for this module makes it vulnerable
to errors that can crash the application. Tock OS, designed for running multiple concur-
rent applications in low-power and low-memory environments, offers robust solutions to
these challenges. It supports independent updates for individual applications and its secure
architecture maintains the system operational even when errors occur within the network
stack. By integrating the Wio-WM1110 Module with Tock OS, this project also expanded
Tock’s support for LoRa and LoRaWAN functionalities and created the first Wi-Fi scanning
application on the platform. By incorporating code from Seeed Studio’s library, I activated
Wi-Fi scanning for indoor geolocation and successfully joined The Things Network (TTN) to
transmit the scan results online. Then I downloaded recent results from TTN and used the
Google Geolocation API [1] to convert the Wi-Fi access points into geolocation data. When
visualized on maps, data from three locations at or near UVA consistently revealed high
precision in coordinates and range. Through empirical tradeoff analysis, I found that using
four Wi-Fi access points balanced power consumption and geolocation accuracy. Moving
forward, I could use the application to track critical assets in UVA, or in any indoor location
that has TTN connectivity.

2 Background

2.1 LoRa and LoRaWAN

Long Range (LoRa) technology, supported by chirp spread spectrum (CSS) modulation,
is a low-power protocol with exceptional ability to transmit data across long distances [2].
LoRa can cover a range up to three miles in urban areas, and up to ten miles or more in rural
areas. Long Range Wide Area Network (LoRaWAN) builds upon LoRa by establishing a
protocol for network communication between remote sensors and central servers via gateways.
It is perfect for applications requiring low-power, long-range communication among a large
number of devices that collect small amounts of data.

2.2 Wio-Wm1110 Module

The Wio-WM1110 Module, at the heart of the WM1110 Dev Kit, is designed for IoT
developers to integrate low-power, long-range communication with precise location tracking
into their applications. This module is equipped with the LR1110, a Semtech component
that has a power-efficient LoRa transceiver and multi-functional scanning technologies [3].
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Equipped with Wi-Fi and a GNSS antenna, the LR1110 solution could transition between
outdoor and indoor activity automatically and utilize Semtech’s LoRa Cloud Geolocation
capabilities to determine asset location through cloud-based computations [4]. Moreover, the
device has built-in sensors for temperature, humidity, and a 3-axis accelerometer, and it can
be powered by both batteries and solar panels. Its rich feature set enables IoT developers to
create advanced, multi-functional tracking applications.

Figure 2.1: The Seeed Studio Wio-WM1110 Development Board [3]

Figure 2.2: Schematic Diagram of Wio-WM1110 Module [3]

2.3 Tock OS

Tock is an embedded operating system designed for running multiple concurrent appli-
cations that are mutually distrustful [5]. It is compatible with over 30 development boards
based on Cortex-M and RISC-V architectures. Tock OS can execute multiple applications on
a single development board and support independent update of any individual application.
Moreover, implementing both the kernel and device drivers in Rust, Tock provides high level
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