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Chapter 1
Introduction

1.1 Background

This bachelor thesis from Nordic Semiconductor looks at using the nRF9160 chip in a
cellular IoT asset tracker and optimise for battery life. Since the task description is very
open, we could choose the speci�cs among ourselves in the group.

In Norway alone, the year 2022 witnessed a distressing loss of 88 lives due to drowning,
with a staggering 46% of these fatal incidents occurring as a result of boat-related acci-
dents. And the trend seems to be rising, in 2021 the total number was 75 [1]. 60% of the
fatal drowning accidents in 2022 happened outside the summer months, which means the
water is often cold and therefore there is a short time window before the person in the wa-
ter start to experience immersion hypothermia. To help prevent needless deaths, we want
to come up with a product that automatically calls for help if someone falls in the water,
with live position tracking which makes it easier for rescuers to swiftly locate the person
in the water.

1.2 Assignment

The task assignment is as follows:

Nordic Semiconductor's nRF9160 is a compact, highly integrated System-in-Package (SiP)
that makes the latest low power LTE technology and advanced processing and security ac-
cessible, and easy to use, for a wide range of single device low power cellular IoT designs.
Incorporating an Arm Cortex-M33 application processor solely for applications, a full
LTE modem, the full RF Front End (RFFE) and power management system. The nRF9160
is the most compact, complete and energy-ef�cient cellular IoT solution on the market. The
integrated modem supports both LTE-M and NB-IoT and can operate globally, removing
any need for regional variants. All power-saving features including eDRX and PSM sleep
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are supported as is with IPv4/IPv6 support up to transport and security (TCP/TLS) level.
A GNSS receiver is integrated into the radio offering various modes of operation to suit a
wide selection of applications that employ location-tracking functionality. The nRF9160
SiP also supports different cellular- based location features for several use cases, such as
low power or indoor operation. The nRF9160 uses the Arm Cortex-M33 as a dedicated
application processor. It has 1MB of �ash, 256kB of RAM, and a broad array of peripher-
als. Beyond its LTE connectivity and positioning options, it is a device capable to support
a broad selection of use-cases and offers real edge computing possibilities for the world
of cellular IoT. Nordic provides the open-source nRF Connect Software Development Kit
that you can use to develop your customised applications on the dedicated application
processor. Annually, billions of dollars are wasted due to assets getting lost, damaged, or
stolen. Reliable asset tracking is a cheap and effective way to monitor and locate assets.
The goal is to use our nRF9160 SiP to make a cellular IoT asset tracker that is optimised
for long battery lifetime.

1.3 De�nitions & terminology

Global Navigation Satellite System (GNSS)

Constellation of satellites that provides geolocation and time information to GNSS re-
ceivers. It encompasses multiple systems, including GPS, GLONASS, Galileo, and Bei-
dou, and enables accurate navigation and tracking in a range of applications such as avia-
tion, marine, and automotive industries.

Long-Term Evolution (LTE)

Wireless communication technology used for high-speed data transfer on mobile devices.
It is the fourth generation (4G) of mobile networks and offers faster download and upload
speeds than its predecessor, 3G. LTE is widely used for streaming video and music, video
conferencing, and other data-intensive applications on smartphones and tablets.

LTE for Machines (LTE-M)

Variant of the LTE standard designed speci�cally for the Internet of Things (IoT) devices.
It is a low-power, wide-area (LPWA) network technology that provides reliable, secure,
and cost-effective connectivity for IoT devices. LTE-M is optimised for IoT devices that
require higher bandwidth and faster data transfer speeds, such as smart home appliances,
wearable devices, and asset tracking sensors. It also offers better coverage and longer
battery life compared to traditional LTE networks, making it an ideal choice for IoT appli-
cations that require low power consumption and extended battery life.

Radio Resource Control (RRC)

Signalling protocol used in wireless communication systems to control the allocation and
management of radio resources such as frequency, power, and time. It is used to establish,
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maintain, and release connections between user equipment and the base station in a cellular
network, ensuring ef�cient use of network resources.

Message Queuing Telemetry Transport (MQTT)

Messaging protocol designed for IoT applications that uses a lightweight publish/subscribe
model for ef�cient and reliable machine-to-machine (M2M) communication over low-
bandwidth and high-latency networks. It relies on a broker, which receives messages from
publishers and delivers them to subscribers based on topic subscriptions.

Bluetooth Low Energy (BLE)

Wireless communication technology used for short-range communication between de-
vices, such as smartphones, wearables, and IoT devices. It is a low-power, low-cost, and
low-complexity technology that enables devices to transmit and receive data over a range
of up to 100 meters.

System on a Chip (SoC)

Integrated circuit that includes all the components of a computer or electronic system on
a single chip, making it more ef�cient, cost-effective, and space-saving than traditional
systems.

System in Package (SiP)

Type of electronic packaging technology that integrates multiple components, such as mi-
croprocessors, memory, sensors, and other electronic circuits, onto a single chip. It differs
from a System on Chip (SoC) in that a SiP integrates multiple chips in a single package,
while a SoC integrates all the components of a system on a single chip.

General Purpose Input/Output (GPIO)

Type of interface found on many microcontrollers and SoCs that allows for digital com-
munication between the microcontroller and external devices.

I2C/SPI

Communication protocols used for connecting devices. I2C, or Inter-Integrated Circuit,
is primarily used for low-speed communication and enables multiple integrated circuits to
communicate on a single bus. SPI, or Serial Peripheral Interface, uses a synchronous serial
interface for connecting devices, allowing for high-speed communication with devices
such as sensors, memory, and other peripherals.

Thingy:91

Advanced cellular IoT prototyping platform developed by Nordic Semiconductor. It is
designed to enable developers to quickly prototype and develop IoT solutions based on
LTE-M, NB-IoT, and GPS technologies. The platform features a wide range of sensors,
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interfaces, and connectivity options, making it a versatile tool for a variety of IoT applica-
tions.

Thingy:53

Thingy 53 is a compact, multi-sensor prototyping platform developed by Nordic Semicon-
ductor. It is designed to provide developers with a simple and effective way to prototype
and develop IoT applications. The platform features a wide range of sensors and interfaces,
making it a versatile tool for a variety of IoT applications.
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Chapter 2
Technical

2.1 Problem de�nition

Nordic Semiconductor's nRF9160 Low Power System-in-Package (SiP) and nRF52840
Bluetooth Low Energy SoC development kit are both highly versatile and ef�cient solu-
tions for a wide range of IoT applications. The nRF9160, with its integrated LTE-M/NB-
IoT modem and GNSS, and the nRF52840, with its support for Bluetooth and other wire-
less protocols, both employ advanced power saving techniques that makes them ideal for
low-power applications.

Their ability to collect and transmit sensor data in real-time also makes these chips a
suitable choice for applications that require quick and accurate response times, such as
personal safety devices at sea.

To detect Man Over Board (MOB) incidents, multiple devices that use image processing
[2], Lidar, or a combination of both [3] are deployed on large vessels such as cruise ships.
These devices continuously monitor the ship's sides for movement while �ltering out en-
vironmental factors like sea spray or birds. However, the performance of these sensors
may be impacted by adverse weather conditions. While equipping everyone onboard with
a personal safety device is a possible solution, it would be impractical, costly, and most
likely not well-received by passengers who simply want to enjoy a walk on the promenade.

For smaller vessels like �shing boats, cargo ships, or recreational vessels, an on-person
device can enhance safety. For larger ships like cruise ships, equipping the deck crew with
such devices would also be a viable option. The device would link the wearer with a central
unit on the ship, alerting crew and transmitting a distress signal to other ships, should a
wearer fall into the water. This would serve as an electronic tether between the person and
the vessel, similar to the physical tether between a ship and a deployed lifebuoy.

In January 2023, Norway's Minister of Fisheries and Ocean Policy, Bjørnar Skjæran,
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called for a vision zero for drowning fatalities at sea, [4] which was supported by the
Norwegian Seafarers Union's advocacy for mandatory use of personal AIS transponders.
[5] AIS (Automatic Identi�cation System) technology provides vessel tracking informa-
tion and can quickly locate a person in the water in the event of an MOB incident by
transmitting their location to nearby vessels and rescue organisations. If a law mandat-
ing the use of AIS transponders is enacted, the Norwegian market for such products is
expected to surge, with potential for international adoption.

In order to accurately detect a MOB (Man Over Board) incident, the on-person transponder
has to be able to continually collect sensor data to predict if the person wearing it has fallen
into the water. This requires a design with a long battery life, so that the device is able
to continuously share it's location when submerged, and so that the wearer won't have to
halt work in order to charge the device. Furthermore, the communication system which
enables the on-person device to notify others onboard the ship and/or other vessels or
authorities must be reliable and secure, as it is critical that the distress signal is received
and transmitted in a timely manner.

2.2 Overall project goal

The overall project goal of this thesis is divided into three different sections. Each of these
subsections de�nes different parts of the project and their goals.

2.2.1 Effect goals

These are the goals that bene�t the company the most.

• Proof of conceptis the main goal for Nordic's interest in this project. Nordic wants
to create an expansion of their already existing portfolio to show to their potential
customers. Having more systems utilizing their chips will help with that goal.

• Validation of the systemsSince Nordic is a continuously growing company, they
are always looking for ways to validate and document their already existing prod-
ucts.

• New implementationsAlong with validating their already existing products, Nordic
is looking for new ways to implement their products.

• Expansion to new markets. As with any expanding company, Nordic is always
looking for new ways to sell their products to new customers. By having the bache-
lor group produce a new system, they can hopefully show customers that the concept
works and they can increase their sales.

2.2.2 Result goals

These are the goals that the group, along with Nordic, has de�ned as the �nished product

• Low power sensor moduleis the main end goal for this product. The group has
decided to call the unit themain unitor theon person unit, and it is the unit that
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should be carried on a person while they are out at sea.

• Communication over Bluetooth and LTE is the main external communication the
system should have. The Nordic nRF lines of products are made speci�cally for
these types of communication and will be used in this project.

• Small and portable. The device should be small and portable for ease of use. Since
this project will be more in the lines of a proof of concept, some external connectors
for debugging will have to be installed. The main unit, however, should still be small
enough to carry on person with ease.

• Waterproo�ng is another key feature of the system. Since the system is intended
to be used at sea, waterproo�ng will be key. This will mostly come through in the
casing design, but sensors and components should accommodate for a waterproof
unit.

2.2.3 Process goals

These are goals targeted more towards the project group

• Ef�cient work�ow , the group has already agreed on an agile-like type of work�ow,
while also utilising Kanban to visualise tasks. This is in the hopes of being as
productive as possible since the project can become quite comprehensive.

• Clear communication both internal and external, since we are working with an
external benefactor, communication with them is key for a great project. Internal
communication might even be more important, as a lack of communication can lead
to con�icts of interest, misunderstandings, and more work.

• Even workload distribution throughout the project is also one of the goals. The
project is split into multiple phases, with different loads on areas such as software,
hardware, documentation, and overall design. The group aims to distribute the work-
load fairly to ensure that everyone has an equal opportunity to contribute, and to
increase the likelihood of completing the project on schedule.

• Good end result and acceptable grade: The group has set a target grade for the
project and aims to produce a �nal product that meets the expectations of both
Nordic and the project requirements.

2.3 Project description

The overall plan for our product is to make a wearable unit that senses if a person has fallen
into the water and automatically sends out a distress signal. We want to make this product
viable both near land and far out at sea, by giving it two different modes. Preferably this
product will communicate through LTE bands as a standalone unit, but we also want it
to be able to send distress signals where there is no LTE reception through a relay unit
that is installed on board the vessel. We also want this technology to work as a traditional
kill switch if it is connected to a relay unit, so that the vessel automatically stops when it
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senses that the driver falls out in the water, if installed on small boats where that would be
viable.

To showcase what we want to make out of each unit, and the order in which we will
implement the functions in, we have outlined three main steps. Each step focuses on one
of the three units, as shown in table 2.1. The work �ow is from top-to-bottom. That is,
we start on the top row and work our way down the table without skipping any rows, or
start working on the next row before we are satis�ed with the work done on the current
row. Parallel entries mean that work should be done simultaneously. We have decided to
call the �rst step for least viable product, and our goal with this stage of development is
to make a working standalone product. Any additional work is focused on tying together
the other units, to make a complete ecosystem. Thus we named the next two steps ”Vessel
unit” and ”Auxiliary units”, respectively.

Table 2.1: Development steps

Development step
Units

Main unit Vessel unit Auxiliary units

Step1: Least Viable Product
Connect to cloud, show position - LTE

Temperature and water sensor
Send information to cloud

Step 2: Vessel unit
Connect to cloud, show position - LTE

Bluetooth signals to vessel unit
for distance measuring

Sensing distance to the main unit

Kill switch

Step 3: Auxiliary units

Possibility to add and
remove auxiliary units

Temperature and water sensor

Send Bluetooth signals to vessel unit
for distance measuring

Vessel unit

Two way wireless
communication

Two way wireless
communication

Cloud

Main unit

Auxiliary units

Figure 2.1: System overview

Figure 2.1 shows how we want this system to function. When planning this product we had
two main ideas that we want to base the project design on: modular design and scalability.
By choosing a modular design method we will be able to make a plan of what our least
viable product is and then add functionalities after we have a working product. This goes
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hand-in-hand with scalability, we want to be able to add on functionalities and scale up
the number of units in the system seamlessly. The least viable product is a wearable unit
with at least two external sensors. This unit must also be able to send a distress signal to
the cloud if the sensor values reach their respective threshold value, as well as sharing its
live position to the cloud.

We want to expand from right to left in �gure 2.1, by implementing the vessel unit after
we have a functional main unit. This unit should have the aforementioned kill switch and
be able to relay the signal from the main unit, as well as be able to send a distress signal
using VHF. In this project the vessel unit will be a Thingy:91, as it has suf�cient functions
to operate in this scope. Lastly, there's the auxiliary units. These are simpler units which
only communicates with the vessel unit, preferably via Bluetooth, and can be thought of
as ”guest units”, in case they sense that the person falls in the water, a local alarm on the
vessel will be activated, and they cannot operate through the LTE band.

2.4 Potential problems

2.4.1 Power saving

Figure 2.2: Battery ef�ciency

Figure 2.2 shows the power draw decreases with the increasing interval in which the unit
is awaken to receive data. In regard to battery ef�ciency it is a point to keep the number of
intervals high without affecting desired functionalities. Because most of our transmitted
data will be up-link(UL), there might not be need for this unit to receive data at short
intervals. Given that the vessel unit is not a stand alone component, and will be connected
to the boat battery, the power saving con�guration will only be relevant for the wearable
device. These factors of power optimisation might come into play after development of
most viable product. Potential add on features are different sensor settings for different
weather conditions received from cloud possibly connected to a weather service. This will
adjust the sensitivity and in effect more ef�ciently detect accidents in or outside of the
boat. The cloud will also be the user interface for which the vessel unit and wearable unit
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