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I, Scott Delman, am over twenty-one (21) years of age. | have never been convicted of a felony,
and | am fully competent to make this declaration. | declare the following to be true to the best of my
knowledge, information and belief:
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I am Director of Publications for the Association for Computing Machinery (“ACM”).
Neither | nor ACM itself is being compensated for this declaration.

Among my responsibilities as Director of Publications, | act as a custodian of records for
ACM’s publications.

I make this declaration based on my personal knowledge, information contained in the
business records of ACM, or confirmation with other responsible ACM personnel with such
knowledge.

As part of its ordinary course of business, ACM publishes and makes available technical
articles, including ACM’s conference proceedings, journals, and other full-text publications.
These publications are made available for public download through the ACM Digital Library
(“DL”) either for free or purchase, depending on the article. The DL has been providing
public access to technical articles maintained by ACM since July 1997.

It is the regular business practice of ACM to publish articles and other writings including
article abstracts, and to make them available to the public through the ACM DL. ACM
maintains copies of publications in the ordinary course of its regularly-conducted activities.

Exhibit A to this declaration is a true and correct copy, from the ACM DL, of an article
authored by Adrian David Cheok, Siew Wan Fong, Kok Hwee Goh, Xubo Yang, Wei Liu, and
Farzam Farzbiz. 2003, Human Pacman: a sensing-based mobile entertainment system with
ubiquitous computing and tangible interaction, published in Proceedings of the 2nd workshop
on Network and system support for games (NetGames '03). Association for Computing
Machinery, New York, NY, USA, 106-117. https://doi.org/10.1145/963900.963911
(“Cheok™).

Exhibit A is maintained in the ordinary course of ACM’s business.

Cheok was published as part of Proceedings of the 2nd workshop on Network and system
support for games (NetGames '03).

At the time of Cheok’s publication on January 6, 2004, and through the present, the ACM DL
included keyword search functionality. Users may search articles in DL using keyword search
terms and filter the search by whether the term appeared in the title, full-text, index terms,
and/or abstract of the article. In addition, users may search by authors. Users may also filter
the search by a particular type of journal, type of proceeding, and/or the date of publication.
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11. The conference started on May 22, 2003, and the paper would have been available to the
conference attendees on this date.

12. | hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true, and further that these
statements were made with the knowledge that willful false statements and the like are
punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001.

I declare under the penalty of perjury that the foregoing statements are true and correct.

Executed on: March 6, 2025

Y —

Scott Delman, Director of Publications
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Human Pacman: A Sensing-based Mobile Entertainment
System with Ubiquitous Computing and Tangible
Interaction

Adrian David Cheok, Siew Wan Fong, Kok Hwee Goh, Xubo Yang, Wei Liu, Farzam Farzbiz
National University of Singapore
Department of Electrical and Computer Engineering
adriancheok@nus.edu.sq / http://mixedreality.nus.edu.sg

ABSTRACT

Human Pacman is an interactive ubiquitous and mobile
entertainment system that is built upon position and perspective
sensing via Global Positioning System and inertia sensors; and
tangible human-computer interfacing with the use of Bluetooth
and capacitive sensors. Although these sensing-based subsystems
are weaved into the fabric of the game and are therefore
translucent to players, they are nevertheless the technical enabling
forces behind Human Pacman. The game strives to bring the
computer gaming experience to a new level of emotional and
sensory gratification by embedding the natural physical world
ubiquitously and scamlessly with a fantasy virtual playground.
We have progressed from the old days of 2D arcade Pacman on
screens, with incremental development, to the popular 3D game
console Pacman, and the recent mobile online Pacman. With our
novel Human Pacman, we have a physical role-playing computer
fantasy together with real human-social and mobile-gaming that
emphasizes on collaboration and competition between players in a
wide outdoor physical arca that allows natural wide-area human-
physical movements. Pacmen and Ghosts are now real human
players in the real world experiencing mixed computer graphics
fantasy-reality provided by using wearable computers that are
equipped with GPS and inertia sensors for players’ position and
perspective tracking. Virtual cookies and actual tangible physical
objects with Bluetooth devices and capacitive sensors are
incorporated into the game play to provide novel experiences of
seamless transitions between real and virtual worlds. In short, we
believe Human Pacman is pioneering a new form of gaming that
is based on sensing technology and anchored on physicality,
mobility, social interaction, and ubiquitous computing.

Keywords
Mobile entertainment, ubiquitous computing, tangible interaction,
computer entertainment.
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1. INTRODUCTION

In recent years the world has seen the proliferation of highly
portable devices, such as personal digital assistants (PDAs),
laptops, and cellular telephones. At the same time, trends in
computing environment development suggests that users are
gradually freed from the constraints of stationary desktop
computing with the explosive expansion in mobile computing and
an increasing availability of cheap sensors. With this
technological progress in mind, we have developed Human
Pacman, which serves as a pioneer in the new genre of computer
game that is based on real-world-physical, social, and wide arca
mobile-interactive entertainment. Concepts of context-awareness
through location and body tracking, tangible interaction with
objectification of virtual objects in game play, ubiquitous
computing in the form of mobile and social gaming, and lastly
physical gaming supported by the use of wearable computers are
explored.

1.1 Context-Awareness in Qutdoor

Environment

Human Pacman allows players to be physically and
immersively role-play the characters of the Pacmen and Ghosts as
they move about freely in the real world over wide area outdoor
spaces. There is a seamless merging of the fantasy computer
digital world with the real physical world realized using location
and body tracking technologies, namely the Global Positioning
System (GPS), Dead-Reckoning module (DRM), and inertia
sensors, to provide the necessary context-awareness of the system
for the game play. The players who are role-playing Pacmen have
to physically roam around the outdoor arca and collect virtual
cookies in the process. In addition, they have to find and collect
‘Ingredients’ that are actually Bluetooth embedded objects for the
making of ‘Super Cookies’ which give them special Ghost-
devouring ability. These physical objects are linked in real time to
their virtual Pac-world representation, thus providing the player
with a sense of presence and immersion with the virtual Pac-
world. Another role in Human Pacman is known as the Helper.
She is participating in the game remotely via a computer terminal
over Wireless LAN. In other words, the Helper role can be played
by anyone connected to the game’s Wireless LAN network, or an
online player who is physically anywhere on earth and is joining
the game via Internet.
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Researchers at Olivetti Research Ltd. (ORL) and Xerox
PARC Laboratory pioneered the context-aware computing area
[Want92, Schilit93] with the introduction of Active Badge System
and PARCTab. However, these systems were expensive with the
extensive use of infrared transceivers, and were limited in scope
as their applications were confined to an indoor room. Therefore
with the introduction of GPS and emergence of cheap but
accurate sensors, more context-aware systems for outdoor
applications were built. One notable system was the Georgia Tech
Cyberguide project [Long96] where mobile context-aware tour
guide prototypes were made to provide information to a tourist
based on her position and orientation. Similarly, at the University
of Canterbury, some context-aware ficldwork tools have been
developed: an archeological assistant tool [Ryan97], a giraffe
observation tool [Pascoe98], and a rhino identification tool
[Pascoe99] to enable the users to make location dependent notes
using a PalmPilot as terminal and GPS for positioning. Unlike
Human Pacman that uses Augmented reality techniques as its
main computer human interface, these systems have only
primitive 2D maps and text presented on palmtops.

Another tourist assistant called Smart Sight was developed at
the Carnegiec Mellon University [Yang99], which was able to
translate from and to local language, handle queries posed and
answer in spoken language, and aid navigational around the
campus with the use of wearable computers. Nevertheless since
laptops were used as part of the mobile computer system, their
sheer weight and bulkiness have greatly reduced user’s mobility
and comfort of use. In Human Pacman, players are provided with
custom-built wearable computers that are designed, built, and
developed in our lab especially for this application.

The use of GPS and outdoor physical area for computer
gaming is pioneered by ARQuake [Thomas02]. This game is an
AR cxtension of the original desktop Quake game of player
shooting virtual monster (in this case the monsters are presented
in physical world using AR techniques) in first person
perspective. However it is a single player game with practically
no social interaction.

1.2 Tangible Interaction at Game Play

Even though Graphical User Interface (GUI) has been and
still is the dominant paradigm for interactions with computers, we
are increasingly encountering computation that moves beyond the
traditional confines of the desk and attempts to incorporate itself
more richly into our daily experience of the physical and social
world. Work on physical interaction started to appear in
literatures in the early 90s with the introduction of Computer-
Augmented Environments [Acm93] that have visioned the
merging of electronic systems into the physical world instead of
attempting to replace them as in virtual reality environments.

Over the years, a number of projects have explored this new
paradigm of interaction termed tangible computing. Early
attempts include Bishop’s Marble Answering Machine [Smith95]
that has made a compelling demonstration of passive marbles as
“containers” for voice messages; “Bricks” by Fitzmaurice
[Fitzmaurice95] that are essentially new input devices that can be
tightly coupled to virtual objects for manipulation or for
expressing action (e.g., to set parameters or for initiating
processes); “Tangible Bits” and “mediaBlocks” from MIT media
lab [Ishii97] that allows users to “grasp & manipulate” bits in the

DOCKET

_ ARM

center of their attention by coupling the bits with everyday
physical objects and architectural surfaces, and “contain,
transport, & manipulate” online media using small, electronically
tagged wooden blocks that serve as physical icons (“phicons™)
respectively. Nevertheless in all of these implementations of
tangible computing, computer interaction remains passive with
human initiates communication with the tangible object, and
confined only between virtual objects and humans. However, in
Human Pacman, with the use of embedded Bluctooth devices for
tangible interactions, we explore the active communication
between computers and human players instantiated by Bluetooth
devices as the players walk within the range of objects which
Bluetooth devices are attached. Also, the use capacitive sensors
on objects as well as wearable computers allow the game play to
include graspable interaction between humans and computers, and
between human players themselves. Thus there is tangible touch
interaction between humans which has real time affects on the
virtual computer world.

1.3 Ubicomp elements in connected mobility

for social and interactive gaming

Bjork suggested ubiquitous games [Bjork02] as a new form
of gaming. Coupling that with the development in Wireless LAN
technology and mobile computing using wearable computers, we
have combined connected mobility with elements in ubicomp (i.c.
natural interfaces, context-awareness, and automated capture and
access) for realizing social gaming components in Human
Pacman.

Several pioneering works have been developed on ubiquitous
and social gaming. Multi-players mobile gaming is demonstrated
in ‘Pirates!’[Bjork01]. ‘Pirates!” implements the game on PDAs
with proximity sensing technology to incorporate a player’s
contextual information (such as physical co-location of players
and objects in the world) into the game context as important
clements of the game mechanics. However, visual and sound
effects of game play are limited by relatively low computing
power of PDAs. Augmented Reality and Virtual Reality cannot be
implemented; therefore immersive experience is rather limited
due to the flat 2-D display used on PDAs. The E3 project
[MandrykO1] examines the essential elements of free play, and
multi-user social interaction. It focuses on human-to-physical
interaction and human-to-human interaction. However it does not
explore large-scale configuration where users walk around.

Today’s mainstream entertainment revolves around
interactivity. Gone are the days when people were satisfied with
passive form of entertainment as provided by television and
cinema. People today enjoy entertainment they can control, and
experience in which they are full involved [IDSAQ1]. In fact not
only do they want such entertainment; people want to enjoy it
together with family and friends. As shown in a certain survey
[IDSA02] one of the top reasons why game players like to play
games is that game playing is a social activity people can enjoy
with family and friends. With advancement in networking
technology, social gaming has gained popularity since the
introduction of networked games [IDSA02]. Networked games
overcame the barrier of distance, enabling real people to play
against each other over large areas. After all there is no opponent
like a live opponent since no computer model will rival the
richness of human interaction [Dodsworth98a]. According to a
recent study by Nezlek [Nezlek02], enjoyable and responsive
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