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Abstract/Resümee

Power and Peripheral HAT for the Robotic Study Companion

This thesis presents the design and development of a power and peripheral expansion board
(HAT) for the Robotic Study Companion (RSC) platform. The work is motivated by the limita-
tions of existing Raspberry Pi expansion and audio HAT solutions, which either lacked suf�cient
peripheral integration or introduced dependency on a single audio platform. The developed
board aims to provide a modular and �exible hardware platform that consolidates power dis-
tribution and peripheral connectivity into a single integrated solution while supporting multiple
audio HAT con�gurations.

The requirements of the system were de�ned based on the functional needs of the RSC plat-
form, including support for servo motors, LED control, display connectivity, button input, and
audio subsystem integration. Particular attention was given to power architecture and electrical
stability. The developed PCB integrates dual 5.1 V power rails to separate high-current loads
from sensitive logic subsystems, improving system reliability under dynamic load conditions.
The board was designed using KiCad and includes integrated power regulation, GPIO routing,
and support for standard 40-pin stackable Raspberry Pi GPIO interfaces.

Prototype PCB fabrication and assembly were completed, enabling functional validation of
the developed hardware. Experimental testing con�rmed correct USB Power Delivery negoti-
ation, stable operation of the independent power rails, and acceptable thermal performance of
the buck converters. The results validate the selected power architecture and demonstrate the
suitability of the developed board for the RSC platform as well as for other Raspberry Pi based
systems requiring modular peripheral integration.

CERCS: T120 Systems engineering, computer technology; T125 Automation, robotics, control
engineering; T170 Electronics

Keywords: RSC, PCB design, USB PD
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Toite ja lisaseadmete HAT plaat Robotic Study Companioni jaoks

Käesolev l̃opuẗoö käsitleb Robotic Study Companion (RSC) platvormi jaoks loodud toite ja
lisaseadmete laiendusplaadi (HAT) arendamist. Töö on ajendatud olemasolevate Raspberry Pi
laiendus ja audio HAT plaatide piirangutest, kuna need ei võimaldanud piisavat lisaseadmete
ühilduvust ṽoi tekitasid s̃oltuvuseühest kindlast audio lahendusest. Arendatud plaat on loodud
pakkuma modulaarset ja paindlikku riistvaraplatvormi, misühendab toite ja lisaseadmeteühen-
dusedüheks terviklikuks lahenduseks ning toetab mitut erinevat audio HAT plaadi valikut.

Süsteemi ñouded m̈aäratleti RSC platvormi funktsionaalsete vajaduste põhjal, sealhulgas
servode, LED r̃onga, ekraani, nupusisendi ning audio HAT toe jaoks. Erilist tähelepanu p̈oörati
toitearhitektuurile ja selle stabiilsusele. Valminud trükkplaat sisaldab kahte sõltumatut 5,1 V
toiterada, mis eraldavad suure voolutarbega koormused tundlikemast loogikakomponentidest,
parandades süsteemi ẗoökindlust muutlike koormuste korral. Plaat disainiti KiCad tarkvara abil
ning see sisaldab pingemuundureid, GPIO radu ja 40-kontaktilist pinheaderi Raspberry Pi HAT
plaatide toeks.

Protoẗuübi tootmine ja koostamine viidi läbi, võimaldades arendatud riistvara funktsion-
aalset testimist. Katsetused kinnitasid korrektset USB Power Delivery toimimist, eraldiseisvate
toiteradade stabiilsust ning pingemuundurite ootuspärast soojuseraldust. Tulemused kinnitavad
valitud toitearhitektuuri ning n̈aitavad, et arendatud plaat sobib nii RSC platvormile kui ka teis-
tele Raspberry Pi p̃ohistele s̈usteemidele, mis vajavad modulaarset lisaseadmete sobivust.

CERCS: T120 S̈usteemitehnoloogia, arvutitehnoloogia; T125 Automatiseerimine, robootika,
juhtimistehnika; T170 Elektroonika

Märksõnad: RSC, tr̈ukkplaadi disain, USB PD
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Abbreviations and Terms

GPIO (General-purpose input/output) – a general-purpose interface that can be con�gured as
an input or output as required [1].

PCB (Printed Circuit Board) – an electronics board used to electrically connect components.

HAT (Hardware Attached on Top) – a standardised add-on board speci�cation for the Rasp-
berry Pi 40-pin GPIO header [2].

RSC (Robotic Study Companion) – an educational assistant robot.

RPi – (Raspberry Pi), a low-cost series of single-board computers [3].

torxHAT - Power and Peripheral HAT developed for the Robotic Study Companion.
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1 Introduction

The use of social robots in education has increased rapidly in recent years, and they are con-
sidered an important tool for supporting learning, increasing motivation, and providing person-
alised learning experiences [4].

The Robotic Study Companion (RSC; Figure 1) is an open-source educational assistant
robot designed for university students, aiming to support and motivate learners throughout their
academic journey through interaction and emotional expression [5]. Open-source robotics plat-
forms can reduce development costs, improve accessibility, and allow robotic systems to be
easily replicated and modi�ed by users [6]. In addition to supporting learning, the RSC also
provides an opportunity to develop practical skills such as 3D printing, electronics assembly,
and programming. By making the RSC affordable and openly available, this project contributes
to the broader goal of increasing accessibility to robotics education and allows students world-
wide to engage with hands-on robotics learning.

Figure 1: Exploded assembly view of the RSC. Components denoted by yellow highlights and
blue arrows, while 3D-printed construction parts indicated by orange highlights and red arrows.
Reproduced from [5].
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The RSCv4 architecture depends on a single audio HAT [7] that is no longer in production,
creating a replicability risk for the open-source project as a whole. As a result, future reproduc-
tions of the system inherit the same hardware availability problem. Due to this, it is necessary
to �nd new and more affordable alternatives. Furthermore, existing audio expansion boards do
not support all functional requirements of the RSC, such as servo motor control, LED ring con-
trol, or button input reading as seen on Figure 1. Because of this limitation, previous solutions
required additional electronics, which made the system more complex, more expensive, and
harder to replicate. By making electronics obtainable and easy to assemble and learn with, we
can help students globally learn robotics and make their RSC build easier.

The contribution of this thesis is the development of torxHAT [8] that enables the RSC plat-
form to support multiple audio HAT solutions by focusing on �nding alternatives for RSC elec-
tronics, emphasising system simpli�cation and accessibility. The mechanical design follows
key aspects of the RPi HAT speci�cation, particularly the 40-pin GPIO header and mounting
hole layout [9]. The aim is to develop a solution that is straightforward to replicate anywhere in
the world. In addition, this work seeks to reduce the cost of the RSC, making the solution more
affordable for learners.

1.1 Objectives of the Thesis

The primary aim of this thesis is to develop an expansion HAT PCB for the RSC. This new
expansion board aims to simplify the RSC assembly and electronics while trimming redundant
parts. The role of the new expansion board is to connect the Raspberry Pi to the RSC inputs
and outputs, including two servo motors, a button, audio HAT, a display, and an LED ring (see
Figure 1).

To achieve the primary aim, this thesis outlines the following research objectives:

• Study and compare existing hardware expansion and voice HAT products.

• Identify and de�ne the technical requirements of the torxHAT.

• Design the electronics of the torxHAT, including:

– Electronics schematic,

– PCB layout and

– Electronics assembly.

• Evaluate and validate developed torxHAT functionality.

By isolating the audio HAT from the rest of the RSC electronics, the developed board en-
ables forward compatibility with multiple audio HAT products, reducing dependency on any
single discontinued platform and improving long-term project maintainability.

11



2 Hardware Overview

The RSC prototype uses off-the-shelf audio HAT boards; therefore, this chapter describes them.
In addition, the previous RSC electronics solution and its problems are also presented here.

2.1 RSC and Its Problems

The RSCv4 [5] currently uses a Raspberry Pi 4, an AIY Voice Bonnet v2 audio HAT, and an
additional adapter called the RSC Expansion Board, which is shown in Figure 3. The audio
board was connected on top of the Raspberry Pi, and the RSC Expansion Board was connected
to the audio board. This solution functioned only with the AIY Voice Bonnet v2, as the adapter
board was designed speci�cally for it to connect its additional peripherals for varying modali-
ties. This design makes the system dependent on a speci�c audio solution, as the adapter board
was designed exclusively for the AIY Voice Bonnet v2. RSC is approximately 11 cm tall and
weighs about 375 g, and it is built from 3D-printed parts [5].

The robot operates as a multimodal social interaction platform, combining several input and
output channels, as illustrated in Figure 2. Voice interaction is handled through the audio HAT
and speaker system, enabling speech-to-text and text-to-speech communication. Gesture-based
interaction is implemented using SG90 servo motors that drive expressive movement of the
robot's �ippers. Touch interaction is provided via an arcade-type button with integrated LED
feedback. Visual output is achieved using a display module, which in the latest iteration (v4.1)
is replaced with a CYD (Cheap Yellow Display).

This leads to strong dependency on multiple hardware subsystems. In particular, no sin-
gle off-the-shelf audio HAT provides all required functionality, as additional electronics are
required for servos, LED control, and input handling. This design choice therefore introduces a
hardware dependency bottleneck, where the overall system is constrained by the availability of
a speci�c discontinued component.

One of the main shortcomings of using off-the-shelf parts is the dependency on other man-
ufacturing availability. In the current market, many audio HAT boards are becoming obsolete,
and the current AIY Voice Bonnet is no exception and is no longer in production. In 2024, the
team considered using the Adafruit Voice Bonnet, but this also went out of production, leaving
a gap and electronics de�cit for the RSC.
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