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Summary

As audio and video technology progressed, signal processing became more complex and time consuming. This pro-
cessing introduces a delay that must be compensated through calibration in order to play rhythm games that mandate
user interactions with high timing accuracy. As an attempt to automate the compensation process, the auto-calibration
feature appeared in 2008 with the release of Rock Band (RB) 2 and was present on all later versions of the game. The
feature simplified and refined the calibration process by having sensors integrated to the guitar controller. The sensors
replaced the need for players to take actions during the process which removed human error caused by anticipation,
stress to achieve accuracy and reaction time.

Rhythm games have seen a decline over the last few years and major developers are no longer releasing new
titles. Despite this, the hardware has been given a new life thanks to games such as Clone Hero. Clone Hero is a
PC-based rhythm game released in 2017 that supports various guitar controllers from di erent gaming consoles as
well as drums. Interest has been shown by the main developer of Clone Hero to implement auto-calibration. However,
the auto-calibration process is a black box and its inner workings are unknown. This project aims to understand how
the auto-calibration process works.

To our knowledge, the details about the auto-calibration process are still uncharted and we are not aware of any
other e ort towards understanding its implementation. We therefore explored it in order to find out how it works from
a software and hardware point of view. In order to study the auto-calibration, data was captured between the emulated
console (host) and the dongle (device), then analyzed. The analysis allowed us to build a hypothesis and test it. A
complete program was created to reproduce the process as proof of concept (PoC). Our PoC proves that we understand
the auto-calibration process and are capable of re-creating it. This report will therefore describe our findings following
our exploration. With detailed analysis of the data collected, it is possible to implement the auto-calibration feature
and integrate the hardware into future works.
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Chapter 1

Introduction

The goal of this project is to understand the auto-calibration process for Rock Band (RB) guitar controllers that support
this feature in order to implement it into Clone Hero (CH). The understanding of the process will also allow makers of
custom guitar controllers to implement the same functionality. To comprehend the auto-calibration process, the data
exchanged between host and device is ediand analyzed. The term sniefers to the process of monitoring and
capturing all data packets that are passing through a computer network using pacéet Erii The captured data
allows us to deduce the sequence of events as well as the USB control messages required to perform the process.
This chapter explains the need for calibration, the hardware that is being calibrated, and the current state of a
with regards to what is known about the calibration process.

1.1 About Calibration

In the context of this project, the goal of calibration is to compensate for audio and video latency for newer televisions
and sound systems. As audio and video technologies progressed, signal processing became more complex and time
consuming. This lag created due to signal processing is not usually a problem when watching television, but becomes
an issue with video games. Modern televisions usually have a Game Mode which by-passes certain unessential video
processors in order to limit input lag [2]. Game Mode, although not available for all TVs, does help reduce input lag,
but for games that require a lot of precision, notably rhythm games, it is still greatly bene cial to calibrate audio and
video.

The calibration process can be performed manually where a player must press a button upon a visual or auditory
cue. This method introduces human error due to lack of consistency and precision. The auto-calibration feature was
rst released in 2008 with RB2. The guitar controller was capable of auto-calibrating using new hardware integrated
inside. This new hardware is common to many following iterations of guitar controllers and most probably works in
the same way.

The auto-calibration process is similar to the manual one, but without human error. In fact, it still uses auditory
and visual cues, but instead of a player pressing a button as a response, the controller responds automatically. The
auto-calibration consists of a two-step process. The rstis the audio calibration where a chirp is generated every half-
second by the game and is “heard” by the guitar controller through a microphone. Once the audio calibration is done,
the video calibration follows, where the screen ashes white at regular intervals, and once again, the guitar controller
“sees” the ashes through what appears to be a light sensor. The following section discusses hardware found on the
guitar controllers.

1.2 Auto-Calibration Hardware

The RB2 guitar controllers were the rst to implement auto-calibration. They were equipped with two sensors : a
microphone and a light sensor. The microphone picked up the chirps during audio calibration and the light sensor
detected the white ashes from the screen during video calibration. Figure 1.1 presents the location of the light sensor
and the microphone.
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Figure 1.1: Calibration hardware present on some RB guitars, where (1) the light sensor
and (2) microphone are highlighted [3]

RB guitar controllers released after 2008 were all equipped with these sensors to allow auto-calibration. The
sensors appear to be the same from RB2 through to RB4. For this project, the Mad Catz Fender Mustang Pro-Guitar
is used and it is very likely that the process and data found will apply for other guitar controllers as well. However,
this remains to be veri ed using derent guitar controllers over the dirent platforms and is out of the scope of this
project. The successful completion of this project will allow the auto-calibration feature to be implemented to Clone
Hero and allow players with supported hardware to take advantage of the feature. Moreover, this project will enable
creators of guitar controllers to integrate the same hardware to their designs and incorporate the auto-calibration feature
as well. The following section discusses how things were at the beginning of this project and the main objective.

1.3 Current State and Objective

There is no information available with regards to the auto-calibration process. The process is a black box and needs to
be discovered using data snig. The main objective of this project is to understand how the auto-calibration process
works to enable an implementation of it in CH. In order to achieve the main objective, the project is divided into 3
secondary objectives:

" 01: Sni the data between the console and the dongle during the auto-calibration process
" 02: Analyze the data to understand how the auto-calibration process works

" 03: Create a userspace program to mimic the auto-calibration process

Outline

In the remainder of this report, chapter 2 provides the necessary background information required to understand the
project. It presents the tools used throughout and important information about the USB protocol. Next, chapter 3
describes the steps taken to achi®feusing the Beagle USB 480 Protocol Analyzer [4]. It explains the physical setup

and emphasizes the obstacles encountered. Chapter 4 discusses the analysis of the data to &2o8ydisically,

it looks at the mapping and signi cance of the captured data with regards to the process to build hypotheses. Lastly,
chapter 5 addresses the tests performed to verify the hypotheses through unit tests and a proof-of-concept userspace
program to achiev®3. It explains the software implementation and the test results. Lastly, we close this report with
concluding remarks and recommendations for future works in chapter 6.
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Chapter 2

Background

In this chapter, the hardware and software tools, the emulated host, and the device are presented in detail. The tools
used for data sning are the Total Phase Beagle USB 480 Protocol Analyzer and the Data Center software included
with the analyzer. The emulated host is the Dolphin Emulator and the device is, as previously mentioned, the Mad
Catz Fender Mustang Pro-guitar. The USB protocol, speci cally the control and interrupt transfers, are also presented
in order to better understand the analysis done in chapter 4.

2.1 Beagle USB 480 and Data Center Software

The Beagle USB 480 Protocol Analyzer [4] is made by Total Phase and is a device capable of capturing and interac-
tively displaying Hi-Speed USB bus states and tcain real time. The Data Center software [5] is a graphical user
interface (GUI) for the Beagle analyzer. It parses and displays the captured data in blocks that are managed and easier
to analyze. The software is proprietary and cannot be used in conjunction with other hardware USB analyzers. In
fact, the software must detect a compatible device to connect with in order to function. It therefore can only see data
coming from the Beagle. With the tools used for data smg presented, the next section discusses the host : Dolphin
Emulator.

2.2 Dolphin Emulator

Dolphin [6] is a free and open-source video game console emulator for Nintendo GameCube and Wii that runs on
Windows, Linux, MacOS, and Android. For this project, the emulated console is the Nintendo Wii. It could have
been possible to use a real Nintendo Wii console instead of an emulated version, but in our case, it was simpler to
emulate due to the challenges of working remotely. Auto-calibration is supported by all RB games except the rst and
any of those could have been used to observe the auto-calibration process. However, the guitar controller studied is
compatible only with RB3. In fact, neither RB2 nor RB4 had charts for the pro-guitar. With a better understanding of
the host, the following section presents the device : Fender Mustang Pro-Guitar.

2.3 Mad Catz Fender Mustang Pro-Guitar

The Pro-Guitar is right on the line between toy and instrument. Contrary to other previous guitar controllers that had
5 or 6 buttons to represent the frets, the Fender Mustang has 17 frets covering all 6 strings which are represented by
102 individual buttons on the neck. Moreover, instead of a simple strum bar, the Pro-Guitar has 6 strings that must
be picked which makes it very similar to a real guitar. In fact, the guitar controller comes with a musical instrument
digital interface (MIDI) out port which can be wired and used as a MIDI controller. Figure 2.1 presents the Pro-Guitar

in a comparison with g. 2.2, a standard RB3 guitar controller.
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