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1 Introduction

1.1 Objective

Standard video games on the Xbox [1] and GameCube [2] are not accessible to people without the full use of
two hands. Our group aims to design a one-hand video game console controller, which can be used by either
hand. This device will preserve all common functionalities of a standard video game controller, but able to
be manipulated with a single hand. Our controller will also be modular, so as to be extendable to di erent
consoles and communication protocols. The product will primarily bene t players with physical disabilities

in one of their hands or arms. This solution could also contribute to improvements in overall accessibility to
games, and even in dexterity therapy regimens.

1.2 Visual Aid

Our project is a functional reorganization of a standard Xbox controller, which is shown in Figure 1. A
noteworthy point is that we will be implementing a wired controller, and thus will not need to "pair" our
device with the Xbox 360. Traditionally, the user's left thumb is responsible for the left stick and directional
pad controls, while the domain of the user's right thumb is the face buttons X, Y, A, and B, as well as the
right stick. We will take advantage of this observation in the design of our adaptive controller.

Figure 1: Buttons of a standard Xbox 360 controller [3]

1.3 Background

The video game "Call of Duty" requires players to do three things at the same time: move the player
character, look around, and shoot other players [4]. In order to accomplish this, players need to exhibit
quick reaction times, and repetitive and simultaneous use of both hands. However, a family member of one
member of our team only has use of one of their hands. Because of this, they cannot do everything that is
required at the same time with a standard two-handed controller, making it impossible for the two to play
together.

There are over 2 million Americans who have had limbs amputated or were born with limb abnormalities,
many of whom lost some or all functionality in their arm or hand [5]. Additionally, a study by Information
Solutions Group stated that 22% of gamers have some sort of disability, 46% of whom have primarily a



physical disability. Gaming may not just pose a hindrance to people with disabilities, but also as a tool for
therapy. Eleven percent of survey-takers reported that a medical professional recommended playing games as
a treatment [6]. Our project is an option for players who have di culty gripping and utilizing a two-handed
controller, but may nd the usage of a one-handed alternative more accessible.

Currently, potential gamers within our population of focus have few adequate options that function as a
general adaptive solution. The most common mechanism on the market to address these obstacles would
appear to be the gaming joystick. These controllers, however, generally fall into one of two categories:
Overly complex, gigantic joysticks that require programming, or overly simplistic joysticks that are limited

to a certain few select games. Our project is unique because it is plug-and-play, meaning it does not require
con guration. Additionally, because it is designed to be general-use and fully operational, the controller
can play any game that a regular controller could, because all of the original controller's functionality is
preserved.

1.4 High-Level Requirement List

Our project needs to meet several criteria in order to address our problem adequately. These requirements
ensure our design's purpose is ful lled, the product functions fully, and it is usable for our intended target
customers.

~ The product must map all controls commonly performed on a two-handed controller, so that it all can
be done with a single hand.

The controller should communicate with at least one type of standard video game console (Xbox 360),
with a exible modular design to facilitate connections to various consoles.

" The adaptive controller will be usable regardless of using only the player's left or right hand.



2 Design

When designing a video game controller, we need to take into account several functionalities that are needed.
Figure 4 shows the overview block diagram for our design, and Figures 2 and 3 shows some concept illustra-
tions.

2.1 Functional Overview

Our project needs to combine the functionality of six ngers (three left and three right) into just three
ngers and the wrist. We will accomplish this by compounding certain button groups, remaining mindful of
common button combinations.

2.1.1 Sensors

Our project will be primarily sensor-based, because it is meant to be controlled and manipulated by the user.
Digital sensors will include all of the buttons and the twisting mechanism, while analog values are needed
for the directional controls and triggers.

~ Touch sensors: The touch sensors will function as buttons on the controller. All the touch sensors must
provide digital output signals to operate each button.

{ The bumper buttons will share the distinction of our trickiest implementation with the twist
sensor mechanism. We will need to couple the trigger motion with an additional sideways click
for the index and middle ngers.

Joystick and Circle Pad: The joystick and circle pad will function as the left and right stick, respectively,
as shown on the controller in Figure 1.

{ Each mechanism provides analog output signals in the X and Y directions and a digital output
signal in the Z direction. The main joystick will be attached to the control unit box as it is shown
in the physical design picture, and the circle pad will be attached on the top of the main joystick.

{ Our joystick combines the functionality of the left and right sides of the controller by allowing the
wrist to do everything that the left thumb would normally do. This means that, through the twist
sensor, the user toggles what the joystick position means. All other major buttons are mapped
to the handle of the joystick.

Triggers: The user needs to generate an analog output signal when each trigger button is pressed.
These signals will be used for L2 and R2 buttons in our controller. Our input module of the control
unit will interpret this reading as a discrete integer from 0-255 and send it to the console. While a
traditional controller uses a magnet and proximity sensor to implement the trigger mechanism, we plan
to take a simpler approach, applying a rotational potentiometer to accomplish this goal.

Twist Sensors: The twist sensor will change the functionality of the main joystick from the circle pad
to the direction pad. If we inspect normal controller usage during game-play, the left stick and left
directional pad controller are very rarely used simultaneously. The usage of the twisting degree of
freedom allows for the combination of two mostly disjoint operations, without committing this switch
to a nger. The twist sensor, when engaged, will cause the joystick orientation to be interpreted as the



directional The twist sensor will be one of our two most challenging components from a mechanical
perspective.

2.1.2 Control Unit

The control unit will serve two functionalities: compiling the inputs and communicating with the console. We
will need a microcontroller that can handle both functionalities for the one-handed controller, The sensors
are connected to the input chip through wires. The microcontroller is programmed so that each sensor is
mapped to hold the function of one button or joystick of an original Xbox 360. When the user provides
input information through the sensors by interacting with buttons and joy-sticks, the controller will relate
the signal from the sensors accordingly to Xbox controller buttons. Then, we will send the information to
the console on which the user is playing, such as the Xbox 360 [7] and Nintendo GameCube [8], taking
inspiration from protocols and libraries we have gathered from the internet.

2.1.3 Power Supply and Connection with Console

~ A power supply is required for the controller to function. The controller will be powered through a USB
cable connected to the console, which provides electricity for the electronic parts and microcontroller
to function. This also allows the controller to have I/O communications with the console. We will
need to step-down the voltage provided by the USB port from 5 V to 3.3 V, in order to satisfy the
operating voltage range of the microcontroller. This is re ected in Figure 4.

Figure 2: Initial concept sketch.



Figure 3: Digital mockup of controller design.

Figure 4: Block diagram for one-handed video game controller.



2.2 Block Requirements
This section describes the functionality requirements of each major component within the controller.

2.2.1 Control Unit

This component must take in the values of all buttons, triggers, and stick controls, as well as implement
communications between the console and the controller. The ATXmega32A4U chip should provide the
functionality we need for both of these requirements. Table 1 shows the requirements for this module.

Table 1: Requirements and veri cation for the control unit.

Requirement

Veri cation

Points

Veri ed?

The microcontroller must accept and
monitor 18 sensor inputs concurrently:
1. Analog Inputs (6)
(a) 2x2 analog circle pad reading
(b) 2x analog trigger reading
2. Digital Inputs (12)
(8) 4x X,Y,A,B buttons
(b) 2x joystick push buttons
(c) 2x R2, L2 bumpers
(d) 1x Left stick / Left D-pad
toggle (twist sensor)
(e) Start button
(f) Back button
(g) Reset button

We will demonstrate a computer pro-
gram responding to the user pressing
each button on the controller.

7.5

Organize digital and analog readings
into controller protocol array and send
to console at least 20 Hz (via USB)

We will demonstrate a computer pro-
gram measuring the rate of information

exchange.

7.5

2.2.2 Communication Unit

A separate processor will be needed to This communication will rely on An ATmegal6U2 chip should be

able handle to the USB communications as directed by the input unit.

Table 2: Requirements and veri cation for the control unit.

Requirement

Veri cation

Points

Veri ed?

Organize digital and analog readings
into controller protocol array and send
to console at least 20 Hz (via USB)

We will demonstrate a computer pro-
gram measuring the rate of information
exchange.

7.5




Figure 5: Circuit con guration of the 4-pin button [9].

2.2.3 Digital Sensors

The digital inputs for our project will consist of the standard buttons, the twist sensor, and the bumper
buttons, and the pressing of the stick controls. The buttons will map directly to their counterparts on the
Xbox controller. They will be arranged on the side of the controller handle, near the top for easy access by
the thumb. The on the head of the joystick, the buttons will be organized similarly to a traditional controller.
The twist sensor will toggle between the functionality of the directional pad and the left stick, depending on
whether the handle of the controller is twisted by about 30-45. The bumpers will be augmented onto the
trigger buttons, in order to combine multiple gestures into individual ngers. Table 3 shows the requirements
for this module, and Figure 5 shows the layout of one of our buttons, which we plan to use to implement
the push buttons, the twist sensor, and the bumpers.

Table 3: Requirements and veri cation for the buttons.

Requirement Veri cation Points | Veried?

The digital inputs must provide a digi- | We will demonstrate a computer pro- | 5
tal signal with digital O between 0-1 V, | gram responding to the user pressing
and digital 1 between 1-5 V. This corre- | each button on the controller.

sponds to when the sensors are engaged

/ pressed.
The twisting mechanism must be | We will demonstrate someone rotating | 5
sprung toward the default position. the joystick and observing it homing

back to the default position.

2.2.4 One-Dimensional Analog Sensors

The triggers will function similarly to those on the traditional controller, but with a di erent implementation.
Table 4 shows the requirements for this module.



Table 4: Requirements and veri cation for the Triggers.

Requirement Veri cation Points | Veried?
The triggers must provide analog read-| We will demonstrate a computer pro- | 5
ing for the amount of trigger depression| gram responding to the user pressing
between 0-5 V each trigger on the controller.
The triggers' range of motion must be | We will demonstrate someone pressing 5
restricted to in/out each trigger and observing the motion
of the trigger mechanism.
The triggers must be sprung out. We will demonstrate someone pressing 5
each trigger and observing it return to
the default position.

2.2.5 Two-Dimensional Analog Sensors

The circle pads directly map functionally from the traditional controller. The "right" stick will be placed the
head of the controller, while joystick itself will implement the "left" stick. Table 5 shows the requirements
for this module.

Table 5: Requirements and veri cation for the circle pads.

Points | Veried?
We will demonstrate a computer pro- | 5
gram responding to the user pressing

each button on the controller.

Requirement Veri cation
Must provide 2D analog reading of X/Y

orientation, between 0-5 V

Must provide digital push reading with
digital 0 between 0-1 V, and digital 1
between 1-5 V (press the stick in)

We will demonstrate a computer pro- | 5
gram responding to the user pressing
each button on the controller.




2.3 Schematics

Figure 6: Controller board schematic, including base joystick (ATXmega32A4U).



Figure 7: PCB schematic for bumpers, triggers, and twist sensor (body).
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Figure 8: PCB schematic for X, Y, A, B, and right stick controls (head).

11



2.4 Circuit Board Layouts

Figure 9: Controller board layout, including base joystick (ATXmega32A4U).
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Figure 10: PCB layout for bumpers, triggers, and twist sensor (body).
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