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Abstract for the

Design and Development of Multiplayer Survival/Horror Game

by
Skyler Clark, Chris Drouin, Matt Fabian

This is an Interactive Media and Game Development Major Qualified project, focused on designing,
implementing, testing, and releasing a fultonversion game modification based on Valve Software
#1 OPI1 O BdiEdErdgiaed Thegame titled Petrified, is a teambased multiplayer game, with a
heavy emphasis on unsettling atmosphere and challenging, engaging play for players on both
teams.

Petrified revolves around two distinct teams of players: the human Mortals, who are attempting to
survive until dawn, and the supernatural Watchers, who are attempting to stalk the Mortal players
and attack them, thereby converting the attacked players to the Watcher tearlvhile Mortals have
relatively free range of movement, Watchers are largely restricted to possessing statues that can
teleport within a limited range, so long as they are not visible to Mortals on either end. To attack,
Watchers must leave theirstatues by going into an astral form in this state, they can be stunned
and delayed by Mortals wieldingflash-sticks z a brand of high intensity narrow beamed flashlight
Watchers that stray from their statues for too long are subject to penalties. The game endsen all
Mortals have fallen to the Watchers, or when dawn breaks (i.e. after a set time limit)

The project consistedof three distinct phases. The team made use of iterative development
methods throughout all three phases in both its designs and techsdl implementations.

Thefirst phase was the desig phase, in which the teandocumented its technical, artistic, and
gameplayrelated plans.These planswere revised multiple times based on peer review and advisor
recommendation, and were ultimately compigédin the form of a design document

In the second phase the &m implemented the gameworking with the Sourceengine to define
game rules and behaviorsnd creating artistic assets to match.

Finally, with the completion of the implementation, the team released the game for controlled beta

testing and evaluation. This testing took place both iperson onthe WPI campus and onlineThe

online testing was coordinated through &Petrified-centric communitU COT OBb xEOEET 6 A1 OA
oriented social network, Steam For both sets of tests, testers were asked to give feedback on their

experience and note any bugs or glitches that they encounteret@he team took the feedback and

bug reports received and pokhed and updated the game, while staying within the bounds of the

original design. WithPetrified tested and polished, the team released the game as a free download

available throughwww.petrifiedmod.com; the game can be played by anyone with a Steam agog

a copy ofHalf-Life 2: Episode 2and an appropriately equipped computer.
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1 Introduction

Petrifiedis a multiplayer survival/horror game, set in a graveyard guarded by possessed statues
known as Watchers. The Watchers form one of two teams; their goal is to sneak up on and attack
the human Mortal players who have trespassed in the graveyard, therebgroverting the Mortals

into Watchers. The Mortals must attempt to survive the Watcher onslaught until dawn, using only

their quick reflexes andflash-sticks for defense.

This document discusses the design &etrified, covering its gameplay mechanics, artistic design,
and technical architecture through section2, 3, and4. It also details the process of implementing
that design, in sectiong, and the testing and evaluation process used to gathieedback on the

game in section?.

1.1 One SentenceDescription
$117180 OOO0T Ui 6O AAAEhRh 1 O UIT OgahdAn®etriisif fou Wwdn®d EAAOO
sOOOEOA O1 OElI AAxTh Ui 6611 TAAA O EAAD A EAAT AUA

their ranks.

1.2 One Paragraph Description

Can you last until dawn? In Petrified, a Sourggowered multiplayer game, a band of humans is

pitted against an arrey of statues possessed by evil Watchersthe protectors of the graveyard.The
Watchersapproach while the Mortals' backs are turned, intending to steal their eners' souls and

swell their own numbers. As a Watcher you can enjoy the thrill of the hunt waitg for the right time

O0i OOOEEA8 'O A -1 O0O0A1 Ui 6611 AA OOITTEIC AOT OT A A
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2 Gameplay Design
In Petrified, Mortals try to survive until dawn, while Watchers, spectral beings that inhabit statues,
wait to sneakup onthem and turn them to stone.Players control both sides, but the selection of

which player lands on which team is determined in part by player performance igame.

Whenaround begins,there will only be one player on the Watcher team. Throughout each round,
Watcher players will attempt to attack the Mortals. When an attack issuccessful, the Mortal

disintegrates, and the affected players transferred to the Watcher side, in control ofa statue

The end of the round is signified by dawn, or by the elimination of the Mortals. If there are any

Mortals remaining when the sun rises, the Mortals win the round, otherwise, the Watchers win.

2.1 Mortals

Mortal players begineach roundin a random location in a graveyard Asthey begin to move and

play, the world will appear stationary, but the location of the statues will keephanging.From the

-1 O0OAT DI AUAOGSO DAOODPAAOEOAR OEA CAnwAichthEl I OEE &0
Watchers approach but do not reveal themselves or attack, and frantic moments of fight-flight as

the Watchers attack and multiply. Because of the sound effects associated with Watcher attacks,

the Mortal players will always be aware oftie general location of aggressive Watcher players; this

knowledge helps raise player tension and excitement.

2.1.1 Objective s

The primary objective of each Mortal player is to evade Watcher attack until dawmwhich was

originally to be represented by the lightering sky. If the Mortal players cannot survivethey are

encouraged toevade deathas long as possible

AEEO CiI Al AT AO 1106 AT AT OOAGCA OAAI xT OEh AOO EI EAA
to survive longer, because he or she will have oth@tayers to watch his or her back. So while

survival is a selfish goal, this aspect of survival will encourage the use of teamwork.



2.1.2 Abilities

4EA -1 OOAI Dl AUAOBO DPOEI AOU OIT1 ET 1| ApodsessddG AT A

statues issimply his or her field of view; any Watchetpossessed statues visible to the Mortal
become unable to teleport (though they can still swap to other statueasdescribedin section

2.2.2).

Figure 1 z Concept Rendeg Flashstick Attack

Mortals have another defensive ability: they carnflash-sticks, which let out short bursts of light.
During the design phase, the team created a series of megjs to demonstrate some of the
gameplay mechanics, one of whichF{gure 1) shows a Mortal player hitting awatcher ghost with a
flash-stick. These bursts can stunthd AOAEA OO S 1, ividiod i dskd fofEttark providing
time for the Mortals to escape or reposition. Theflash-sticks are not wholly reliable, however;
there is an internal system of logi¢hat determines whether or not they work, which is shown in

Figure 2.

1(AOAAEOAO OEA OAOOOAT &I Oio T A£# A 7TAOAEAO xEI I
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If the flash-stick is within its cool-down phase and a Mortal player attempts to use it again, the stick

Waiting w/
Cooldown Penalty

AA

No

Cooldown Over

(Start)
Ready to Fire

—Fired

Cooldown Over

Waiting w/
Cooldown Bonus

Hit a ghost?

Yes

Has ghost
recently been
stunned?

Figure 2 z Flashstick mechanics flow chart

will malfunction, spewing out purple sparks. Ashown in Figure 2, however, sucessive hits on

different ghosts will temporarily decrease the cooldown phase, enabling skilled players to take on

multiple attacking ghosts if they can tine their bursts appropriately.

Mortal players additionally have the option to use voice communicatiothat will address all

membersof their team. They can also communicate through a teklased chat system (for players

lacking a microphone or with limited-bandwidth connections). Some informabn is blocked from

OEA - lview)howedd. Mortal play®© O Al

they can hear the sound effect associated with death, they are not told who has been turned to the

Watcher team.

TTO0 OAAAEOGA OPAAOAO
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2.1.3 Controls
Mortals are controlled through relatively standard first person shooter (FFS) controls by default.
The standard configuration will be familiar to anyone who has played a Sourd®msed game, such as

Half-Life 2, Counterstrike: Sourceor Team Fortress 2The controls areshown in Table1l.

Tablel z Default Mortal Control 8heme

Input (key or action) Behavior

Move mouse Perspective follows mouse
(enables turning, looking
up/down)

Click left mouse button | Attempt to useflash-stick (see
Figure 1 for behavior)

Press/hold [W] Walk forward

Press/hold [S] Walk backward

Press/hold [A] Strafe (walk sideways) left
Press/hold [D] Strafe (walk sideways) right
Hold [Shift] / O E C ERuidtamadved €o that

Mortals have only one consistent
movement speed
Press [Space] Jump

Mortals players canreAT T AECOOA OEEO AAEZAOI O AT 1 06011 1 APPEIT C

from the main menu (which is itself accessible by hitting [Esc] at any time igame).

2.1.4 Projected Player Strategies

The most natural initial strategy for the Mortal players will be to bunch together, seeking safety in
numbers and increased vision coverageEven two Mortals backto-back, as shown irFigure 3, can

AT 6AO AAAE 1 OEAOOG Al ET A OPT OO Oi Oii A AgOAT O8

Figure 3z Concept RenderGrouped Mortal Defense
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Mortal players may seek to move in coordinated formationshiat cover wide spaces with their

combined field of view, effectively freezing any nearby Watchers. Such behavior, however, will

Ol OEi AOGAT U AT 1T OOEAOOA O1 OEA ddaing soAvilt RelpWadcheki 6§ O AOOAT
players gain powers through theFear Point system (sesection2.2.3).

Many Mortal players may also seek shelter in physical features of the environment in order to limit

the ability of Watchers to approach. They may position themselves against walls or in corners.

While the Watcher statues themselves cannot travel through physical obstacles, their ghosts can

pass through some of themBasic Ghost attacksantravel through physical obstacles like walls,

rocks, and trees Experienced Mortal players will probably not rely on physical shelter, but they

will need to know the map layout to efficiently escape from attacking statues.

Another strategy is for Mortal players toposition themselves in regionswith few statues. Thismay
tend to separate the Mortals, however, makig it easier for Watchers to track them down and
eliminate them. Small, coordinated groups of Mortals may be able to strike the best balance

between vision coveage, mobility, and Fear Point marginalization.

2.2 Watchers

Watchers are sipernatural beings that typically inhabit or possess statuesThey are guardians,
seeking to protect the area entrusted to them. They can leave their statue shells to attack
trespassingMortals; though emerging as ghostly astral projections makes thenisible and
vulnerable to attack. In the original design,Watchers derived some of their capabilities from the

statues that they inhabitd; presently, all statues have the same abilities

The Watcher team begins with only a single playeandinhabitable statues placedn strategic and
atmospheric locationsaround the map. For the first game on a new server, the Watcher player is
chosen randomly from the players. In all subsequent games, the initial Watcher is chosen randomly
from amongst the pool of surviving Mortals, if there are any, or purely randomly if therera no

surviving Mortals.

Under the original design, he player who was picked wado be given a choice regarding his or her
role as a Watcher in the following round and if thisplayer declined, a new one woulde offered the
opportunity instead. This belavior was not implemented, due tdime constraints. In practice, as

rounds proceed rapidly, no player will be stuck in an undesired role for an extended period of time.



The player who is selected to be thdirst Watcher startsin a statue locatedsomedistance from the

starting cluster of Mortals. As the round progresses, the Watcher team will grow in size as Watcher

players attack and petrify Mortals, converting them to the Watcher team. The tide of the game

0001 O 1 OAE AO EO Al AWthkahevékE OO A AEGRT ¢ OIOQIT AA G Al £ OEI

players turned against their former comradestrying to convert them in turn.

Unlike the Mortals, who view the game entirely from a first person perspective, Watchers switch
from a third-person perspective, vinen they are inhabiting a statueor using their regular attack to a
first-person perspective when theyperform their lunging special attack Also, unlike the Mortal
view, which is entirely free of interface elements, the Watcher view contains cues relatéo
knowledge that Watchers should logically have, such #sleport destinations, inhabitable statues

and fear points.

2.2.1 Objectives
The Watcher player$goal is to capture all of the Mortalg that is, successfully attack them so they
are switched to the Watcher team. It is only possible to lose as a Watcher if the team allows Mortals

to survive until dawn.

As the Watcher team grows, strategy and teamwaork will become important to efficiently capture
the remaining Mortals, who will likely rank amongst the moreskilled and experienced players.On
a more abstract level, the Watchers also serve as the puppeasters or directors of the game; as
the antagonists, they deliver the most direct frights to the Mortal players, and their actions i to

attack (teleportation and swapping) serve to develop the atmosphere.

2.2.2 Baseline Abilities
Watchers all possess three basic abilitiesThey can teleport, moving the statue that they inhabit.
They can swap statues, leaving their current statue uninlsited. Finally, they can leave their

statues to attack.



Figure4 z Concept Rendeg Watcher Teleportation Mechanics

Teleportation enables Watchers to quickly close the distance between themselves and the Mortals.

Watchers can &leport within a limited range, though only when out of sight of any Mortal players.

Furthermore, AOAT E& OEA 7AO0AEAO DI AUAO EfkoisheanmtE OEET OE
teleport into a region that is visible to a Morta)] asdemonstrated in Figure 4.

To teleport, Watcher players will select the region on the ground that they wish to teleport to with

the mouse; the third-person camera tracking the statue wi pan left and right to follow the mouse

as it moves across the terrainFigure 5 shows how this works ingame: the Watcher statue itself is

displayed as transparentto the Watcher player, so that the player can see the terrain and passing

Mortal players without resorting to awkward camera manipulation.

Figure5 z Screenshog Watcher Interface with Teleport Icon
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In the event of blocked tel@ortation, the teleport cursor, initially green, changesto red to indicate

the problem. Under the original designthe gamevastoAl 1 T x 7AOAEAO DI AUAOO
teleportation destination, forcing a teleportassoon asthe destination and the origh are out of

sight. This was not implemented, howeverit remains easy to teleport during brief breaks in the

Mortal sight-line by tapping the teleport key repeatedly Watcher players cannot cover vast

distances with a single teleport, and they must waih short period between teleports. This yields a
chase dynamic, where Watcher players must opportunistically sneak after Mortal players, trying to

outpace them through clever avoidance of obstacles.

So long as they inhabit a statue, Watcher players alsave the ability to swap control into another
uninhabited statue anywhere in the game. They can do this even if they are currently being
watched by a Mortal player. This swap ability is performed by selectingstatue onthe mini-map,
as seen irFigure 6.

Figure 6 - Watcher Minimap

The Watcher player is shown as a statue with a white ball in it, while statues that are inhabited by
other Watcher players (and therefore are upselectable) are represented with purple balls in them.
The mini-map also shows statue orientation and the position and orientation of Mortal players

(who are represented via blue arrows).



In the original design, there wee additional classes of statues, and Watcher players could not swap
into statues of the additional classes without first accumulating sufficient Fear Points. In the actual

implementation, there is only one standard class of statues, so tHesature was not implemented.

Watchers are able to attack Mortals by projecting their ghost form; when the ghost passes through
a Mortal, they are converted to the Watcher teankigure 7 outlines the state-logic that the ghost

form attack uses.

In Ghost Form
(Stunned)
Time passes Hit w/Flash Stick
—————>
In Ghost Form Qutside of

—> (Mobile)

Statue too long

Attack

(Start)
In Statue

Figure 7 z Watcher Attack Sates

Ghostform Watchers are vulnerable tdflash-stick attacks, and can only last for a limited time (and,
by extension, range) outside of their statue shells. Watchers can attack when they are in view of
Mortals, but they are in greater riskof being stunnedby aflash-stick attack if they do so. When
stunned, Watcher ghosts are temporarily immobilized, but time still passes. Whether stunned or
mobile, Watcher ghosts will eventually be called back to their statues after a short period (one

second for normal attacks, three seconds for lunge attiks).

Like the Mortals, the Watchers have a dedicated voice chat channel to enable them to coordinate
and strategize. The original design called for Watcher players to be able to hear Mortals talking
xEOE OEA O11 01 A AADPAT A Autbis proved@otbd diffizdlt loumblendedt AEOOAT A

technically. Unlike Mortal players, Watcher players are notified when Mortal players are converted,
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and they have full access to the listing of which players are on which team; this allows them to

strategize basedon the known habits and skills of the surviving Mortal players.

2.2.3 Fear Point System

Mortal players holding in formations can effectively ward off basic attacks, and in general
stalemated rounds are not fun for either side. The fegvoint system helps mitigate this problem by
providing Watchers locked in stalemated games with a longange and hardto-avoid secondary

attack.

Each Watcherplayer has an individual fearpoint counter, similar to the oneshownin Figure 8.

Figure 8 z Watcher Fear Point Bar

This bar slowly fills up with a purple fluid when the game has gone for more than 15 seconds
without a Mortal death. When the fluid passes the arrovehaped marker, roughly one third of the
way along the barthe Watcher player gains the ability to unleasla special longrange attack by

right-clicking.

Invoking this long-OAT CA AOOAAER ET I tenpordil® trahsfedsith® Watche played OA A E h
to a first-person perspective, asisown in Figure 9.

Figure 9 z Screenshoy Watcher Lunge Attack
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In this state, the Watcher ghost moves forward rapidly, killing and converting any Mortals that it
strikes in the process.Unlike the basic atta&, the player can control this attack directly by moving

the mouse, and he or she can end the attack bight-clicking a second time.

This last ability is important, because the player is under a strict time limit, represented by a
shrinking bar shown on the top of Figure 9. If the player runs out of time, the player will be
penalized all of his or her remaining fear points; if the attack is ended in time, the playesll lose

only the third of the fear bar required to engage in the attack to begin with.

The lunge attack was adapted from a more complex system of additional statue classes and attacks
specified in the original design. These additional classes were lefiimplemented, as creating the
necessary artistic assets and implementing the behaviors in code would have delayed start

testing and evaluation.

2.2.4 Controls
The control schemeor Watchers inhabiting statuesis very different from the standard Mortal

control scheme The default controls for the Watchersare shown inTable 2.

Table 2 z Default Watcher Control Scheme

Input (key or action) | Behavior
Teleport
Move mouse Move teleport destination target within field

of view, pan camera left/right
Press [q] or middlemouse button | Teleport if: not in sight of Mortal, not
(scroll wheel) moving to spot seen by mortal, not cooling
down from previous teleport, and not
teleporting out-of-range.

Swap/View Mini -Map
Hold [c] Opens he map while [c] is held
Left-click over statue on map Swap Watcher into selected statuéf statue
is unoccupied)
Basic Attack
Left-click as statue Initiate ghostform attack if possible;
switches to first-person view. This applies
to all statueclasses.The attack movement is
automatic for the basic attack.

Move mouse Perspective follows mouse (enables turning,
looking up/down).
Pass through Mortal Petrify the Mortal, converting him or her.
Lunge Attack
Right-click as statue Engage lunge attack if there are sufficient
fear points (switches to first person)
Right-click as ghost Return to statue and thirdperson
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perspective before time limit ends, to
preserve remaining fear points (happens
automatically when time runs out, butthe
player loses all remaining fear points)

Move mouse Change direction that the attack is moving in
(allows turning, etc.)
Pass through Mortal Petrify the Mortal, converting him or her.

Like Mortal players, Watchers can reconfigure their controls via the options menu (accessible at all

OEi AO0 AU EEOOET C ¢ %OAY AT A OAI AAOCET ¢ OEA O/ BPOEITO
2.2.5 Projected Player Strategies

Most Watcher players will initially move in close to Mortal players and attack when their backs are

turned. This basic maneuering will always work to a degree, depending on player skill, but it may

not ultimately be the most effective strategy. Still, careful teleportation wilbe the key to Watcher

strategy; the short-range basic attack makes it necessary to be in close pimity to Mortal players

to successfully attack them.

More advanced players will make great use of the swapping mechanism, trying to position
themselves within statues that will have better opportunities to strike. Waiting patiently is the key
to this strategy. If a Watcher can lull the Mortals into thinking that there is nothing in the area, it
will have an easier time attacking them. The major issue here is that passively waiting for
opportunities wastes time and any time wasted brings the night closdp dawn and to a Mortal

victory.

4EA OOAOOAO bi OEOGET T AA OEOI OGCET OO OEA | AmtngAAlT Al O
Watcher players, especially those with good teamwork, will be able to block off potential escape

routes by lining up extra satues between existing physical barriers.

Many Watcher players may alsdide their time in an effort to boost their fear points and prepare
for multiple lunge attacks. This can work if all Watcher players agree to avoid attacking, but even

one Mortal deah will cause all Watcher players to stop accumulating fear points.

2.3 Balancing Issues

There are several behaviors and mechanics in this design thatuld only be properly balanced

through playtesting:
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Distribution of statues z Too many statues makes it diffiult for Mortals to navigate, and it
can also make it difficult for Watchers to use the minimap mechanism. Initial tests with the
final map had too few statues; Mortals found areas that were not easily accessible by the
existing Watcher statues and hid ithem. This was rectified by placing additional statues
near or on the hiding places. There are 21 statues placed throughout the final map.

Time until dawn z This factor is itself dependent on the number of players involved in a
given match. For small ratches of three to four players, it appears that ninetgecondlong
rounds provide an even balance of Mortal and Watcher wins. For mediugized matches
with five to eight players, two-minute-long rounds provide an even balanceFor larger
matches, the tme until dawn could be increased, but all rounds tend to end quickly once the
Watcher team reaches a certain critical mass.

Flash-stick cool-down z Most Mortal players found alternate uses for thélash-stick (they
used it as a pointing device and locator more frequently than as a defensive weapon).
Because of this, the coetlown on theflash-stick attack did not have a major bearing on
game balance.

Fear point gain/loss rates z The fear point system works ogimally when Watcher players
gain approximately a full fear bar after a minute of no Mortal deaths. If they gain points
faster than this, Watcher players tend to abuse the lunge attack, and the strategy of
positioning statues for successful basic attacks lost. This degrades the game for both
Mortal and Watcher players.

Lunge attack time limit z This limit was initially set to five seconds; it was shortened to
OEOAA O1 Oi T AxEAO T EIEO OEA AOOAAESO OAT CA AT A
and judgment to avoid being penalized the remainder of their fear points.

Mortal m ovement speeds z The default player movement speed in the Source Engine was
set to a value of 450 (no units available). This speed did not fit well with the slowgraced
atmosphere of Petrified; it was reduced first to a value of 250, and is presently set at 225,
exactly half of the original speed.

Watcher teleport range z The team experimented with several possible ranges for
Watcher teleportation. At distances of roughly halthe width of the map, Watcher players
never needed tochase afterMortal playersnf OEAU AT 01 A OEI bi U OA1 AbPT OC
trajectory and attack. At distances of roughly a quarter of the width of the map, Watchers
could just keep up with Mortals,which led to engaging chase sequences. For values less

than this, Watcher players gave up on chasing, instead preferring to lie in wait in convenient
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locations. The team chose to keep the quartavidth range, in order to promote the chasing

behavior.
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3 Artistic Design and Vision

Petrifiedd O CAIT APl AU EO Al i bl Ei AT OAA AU OEA ODPI T EUh AAC
The gametakesplace inside a smallisolatedgraveyard in a temperate forestedarea. The style

borrow s from several forms of artigic media, such as horror film@nd games, in which the outdoor

scenesare designed to inspire fear and unease

3.1 Level Design

Figure 10 z Concept Drawing Early Level Layout

Petrifiedwas built around a single levéh T 06 OB EBA OAAI O foEnseiaxdmua DD OT AAT
visual quality and eliminate the issue of balancing for multiple map configurationsThe final map is

in some ways based on original design conceptshown in Figure 10. The map contains a mixture of

high and low terrain, to give Watchers sheltered locations that they can maneuver in, and is

bounded by a combination of natural obstacles (cliff walls, rocks, trees) and mamade barriers

(fences and locked gates). The original design called for the engine to place statues randomly at the

start of each match, but it proved more atmospherically effective to place the statues by hand, and

simply give Watcher players control ofa random statue at the beginning of each round.
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Figure 11 shows a wireframe view of the final map as it appears iHamme

Figure 11z Screenshoy Final Map in Level Editor

The final mapdiffers greatly from the concept in layout and features. Where the original map was
pictured as set on top of a hill surrounded by forest, the final map is set as though in a defwies,
bounded largely by cliffs and boulders. Most areas in the concept would have been accessible by a
Mortal simply walking around; here, Mortals must jump and climb to reach some areas, and even

then cannot approach some of the higher points on the map

The final map also makes use of a visual technique favored by Valve Software in their game series
Half-Life. The map centers on a looming butte that is visible from almost any position within the
map. The screenshot ifrigure 12 is taken from a spotperched right on the top of this butte, next to

an all-seeing statue.

Figure 12 7 Screenshoy Vantage on Final Map
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Players can use théutte as a visual reference for where they are and where they are headed; it can
be particularly useful for Watcher players, who must constantly rerient themselves following

swaps into new statues.

In addition to its role as a landmark, the central butte (and other raised areas, such as the mound
visible in the centerof Figure 12) servesto divide the map intocorridors. These corridors provide

the easiest paths across the terrain, but they also serve as chokepoints. Watchers can teleport their
statues into the corridors, slowing or even comptely blocking Mortal progress. If they choose to

do so, however, hey risk losing the ability to effectively cover the more open areas, where Mortals

can easily block teleportation by looking around.

Many of the static models visible irFigure 12 are actually borrowed assets fronHalf-Life 2: Episode

2 and the earlierHalf-Life 2 Both of these games contain numerous outdoor scenes which required
many samples of vegetation and rocks, artdalf-Life 2contained one scene set in a lagygraveyard,
complete with tombstones and statues. Because these needs were already met, the team focused on
modeling the terrain of the level itself and assets such as the iron fence componest®wn in

Figure 13, which the aforementioned games did not provide.

Figure 13 z Renderz Gate and Fence Models

The map is also populted with certain visual and aural effects. Past a certadfistance from the

Pl AUAO6O PAOOPAAOEOAR OEA OAT AAOAO APPI EAOG A 1 AUA
This fog does not fully obscure any map features, but it adds an element of mystery to events

happening in the distance. Some areas dfg map, including the northmost corridor, are also

tagged with ambient audio effects: players walking through the corridor will hear wind whistling

between the cliff faces.

18



3.2 Art Development
0 A O O€arfEEsBetamderwent three or four distinct phases:

o Reference Images z Pictures taken either in person by team members or gathered from
Creative Commondicensed works available on image sites like Flickr.

e Concept Art 7z Initial sketches and mockup renders to lay out character poses and features

o Draft Art zIn-development art, lacking textures, animations, or other important features

e Final Art z Fully realized artistic assets ready for use kgame

Not every asset made it through every phasesome assets were cut at the concept art or draft art
stages, and noevery finished asset was based directly or indirectly on the original reference

photos.

3.2.1 Watcher Statues

Figure 14 7 Statue Reference Photographs

For the Watcher statues, the team looked for reference photographs depicting haatireligious

figure statues, such as the piece igure 14 (far left) showing a shrouded Mary Magdalene cradling
the body of Christ The team also looked for depictias of gargoyles and grotesque statue#t this

point in development, the team was still looking to create several classes of Watcher statues, and so
the referencephotographs were translated into a variety of drawrstatue concepts for four different

types of statues (Figure 15).
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Figure 15 z Concept Drawing BasicSatue Concepts

The basic statue went through a number of design revisions during the concept art stage. The
statue was initially depicted as leering and demonic, ashown on the left of Figure 15, but gradually

transitioned to a stern but relatively human character(on right) .

30A006A #11 AADPOO
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Figure 16z Concept Drawingg O, 01 CA O

The Lunger statue gained a more dynamic pose as it develop@dgure 16), meant to imply a

runner preparing for a sprint. This posing was facilitated by 3D modeling software, which was used
to create a rough render of a generic model in the desired pose; these models were not used in
game, however. The statue was meant to provide a fasbving alternative attack to Watches who

had accrued enough fear points.
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Figure17z Concept Drawing O$ ECCA 08 3 O0AO00A #1171 AAPOO

The Digger statue was depi@d as rising out of the groundor its pedestal(Figure 17). This statue
was meant to provide a special attack allowing Watchers to dive underground and surface near
hard-to-reach Mortals.

APDOO

p2

Figure18z Concept Drawing ® T CA1 6 3 OAOOA #1 1

As implied by the wings, the Angel statues were to grant Watchers the ability to launch a flying
attack. Early designgFigure 18) here were sgit between winged gargoyles and angels; the final
design melded the two concepts, incorporating the baike wings of the gargoyles, the body of the
angelic figures, and a unique crouching pose.
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Figure 19 z Renderz Draft Statue Model

The statue modelwas based on the final concept drawings: a simple standing figure, hands clasped
and head bowed as though in prayein early version is shown inFigure 19, and the final textured

version in Figure 20.

Figure 20 7 Renderz TexturedWatcher Statue

The final model used for the Watcheinhabitable statues placed throughout the map is rendered in
a relatively realistic and worn style. It appears to be still yet ominous and brooding. The statues
themselves do not animate, although theriginal design considered the possibility of having the
statues subtly change pose as they neared their Mortal pre@ne change to the final modet not
visible here, because of the ground placed beneath the statgés an extension of the pedestadown
into the ground. This mae it so that the Watcher statue never appears to be floatingupportedon

top of slopedterrain, but instead appears to be embedded in the ground~{gure 21).
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Figure 21 z Statue Pedestal Extension

3.2.2 Watcher Ghosts

Figure22z O4 EET O0EAAAO6 3 0AO0O0A j 2AEAOAT AA O0ET O C
While the Watcher ghosts are not based directly on any reaforld photograph z they are
supernatural beings, after alkz elements of their design do stem from some of the statues used for
CAT AOAT OAZAOAT AAS 4EA OEAI ADAVCEEADORYJUADRAOOAA AEIDE
was a direct influence on the eventual skeletoihased design used for the ghostd-igure 23).
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Figure 23 z Concept Drawingt Watcher Ghost Concepts

The earliest ghost concepts looked similar to the shrouded statues that they hid inside. This
rendition was rejected in favorof a moregrotesque and frightening concept based on the
juxtaposition of a canine skull with a human skeletonWith the original design, players might have
been confused as to whether they were controlling the statue itself or the spirit residing withithe
statue; the radical visual difference between the two helped make it clearer that the ghost was

possessing and acting through the normallpenign statues.

Figure 24 z Renderz Ghost Draft Model, Unwrapping, and LOD Models

The ghost model wasa large time investment, as it needed animations and a complex texture map

to cover the detailed bone structure. Ashown on the right side ofFigure 24, the team also created
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model variants with fewer polygons, in an attempt to avoid graphics performance issues when

rendering multiple ghosts in-game.

Figure 25 7z Renderz Watcher Ghost Form

In the final design(Figure 25), the conservativelooking Watcher statues contrast greatly with the

CET OO0 &I O0i 6 OEAO OEAU EEAASB AEAOA AOKAOOOAO AOA
human skeleton torso. They are draped in tattered purple rags, in keeping with an overarching

color theme associating the Watcher team with the color purple. Unlike the statues, the ghosts have

two separate, violent animations: one diagonal slastmotion, triggered through the basic Watcher

attack, and one Supermaesque flying animation, triggered during their lunge attack.

3.2.3 Mortals
The Mortal player assets never had any direct photographic references; they wesinply modeled
after college-age aduts. They were visually distinguished by theirflash-sticks (effectively heavy

duty flashlights) and their rugged clothing(Figure 26).

Figure 26 z Concept Drawing Mortal Concepts
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Unfortunately, due to technical and artistic difficulties, the planned Mortal models did not make the
final release ofPetrified. The Mortals were planned to be normal humansyho were to appear
scared and vulneable. They were pictured as roughly collegage adults, outfitted for latefall
outdoor exploration. The particular version of the Source SDK used to credetrified makesuse of
a character model format that is not well documented and differs greatliyom previous
arrangements used irHalf-Life 2. Because of this, the team was forced to retain the basic

O O A O GdtyledEniv@ebprovided by default, so as to give the Mortal players a functioning visual

representation.

3.3 Heads-Up Display Design
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Figure 27 z Concept Drawingz Watcher HUD Concept

The Watcher players inPetrified can learn a great deal of inforration about the state of the game
from the user interface elements that compose their headsp display, or HUD. The origineHUD
conceptshown in Figure 27 contains most of the informational content of the final implemented
HUD, although it is less compact and lacks the timer element thaas added to replace the visual
effect of night turning to dawn.
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Figure 28 z Manual Excerpiz Watcher HUD Explanation

Thefinal interface, shownin Figure 28, provides the number of remaining Mortal players, a timer

OEl xET ¢ OEA OEI A 1 AEO ET OEA 01 61 Anh ATA A CAOCA O
Players can additionally bring up a chat window and a mininap, allowing them to canmunicate

and observe player movements, respectively. The minap is also used to enable selecting and

swapping player control into uninhabited statues.There are two additional Watcher HUD elements

that are only visible at key momentsa timer bar dending the time remaining in the lunge attack,

AT A A OEEI 1 06 1 AOOACA OEAO OEI xO xEAT A 7A0AEAO b

Mortals are not privy to any of this information; they have the ability to chat with each other, but do

not see the number oteammates remaining or the time left until dawn (though this last option can

AA Ol cci AA 11T DPAO OEA OAOOAO AAI ET EOOOAOI 060 DPOAE
immersion and fear.

3.4 Artistic Tools

Petrifiedd @ap wascreated using a combinaton 0O E A 3 T O Hammexditer and! OO1T AAOES O
3D Studio MaX3DSMax). Hammer wasused to arrange larger segments ohe level and integrate

entities and objects (spawn points, etc.), while 3DSMaxas used to develop the models and

complex landscape segments.

The concept and design artwork was created through scanned drawingsgobe Photoshgpand

simple renders in 3DSMax.
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4 Technical Design

AsPetrifiedis a gamemodification project,i O O1 1 A &, rathér dan@ Brbjedt developed from

scratch, much of the architecture supportig the game wa already in place. The technical

challenges camefrom understanding and extending that architecture to realize the features called

for in the gameplay and aristic designs.

4.1 Engine Choice Rationale

This projectwas based on the Source Engine from Valve, Inc.; specificallyyvis developed as a

total conversion mod basedn Half-Life 2: Episode 2 The enginewvas chosen for the following

reasons:

The Source Engie was originally designed with aclient-server architecture, and has served
as the basis for firstperson multiplayer games ranging fromCounterstrike Sourcéo Team
Fortress 2 It supports a large number of playerg the PC version offeam Fortress 2for

instance, supports 24 players by defaulthough the engine can support up to 32.

The most recent version of the Source Engine (the one included with the popul@range
Boxbundle) supports high-quality dynamic lighting that could be appliedfor most of our
lighting needs.

Source and Hammer, the associated level/map creation tool, both integrate well with
common modeling tools like 3DSMax. The SDK also includes medewers and other

helpful artistic tools.

Source has supported a variety of particle &fcts since its inception (including particulate
fog used for atmosphere). More recent versions also support true motidnlur effectsand

heat distortion effects.

Source supports an adjustable fielgbf-view, which will be important in maintaining the
visual-related gameplay mechanisms (such as the Mortaisbility to freeze Watchers)

across configurations with different monitor/resolution settings.

The Source engine can support large, open outdoor areas, as demonstrateddme scenes

from Half-Life 2:Episode 2which utilizes the most recent commercial build of theengine.
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4.2 Specifications

These specifications argerformance and feature targets; if game performance does nmachthe
level specified here, the visual and technical elements of the gansu¢h as polygon counts or
network packet size) will need to bereduced in complexity. The specifications themselves will only
be adjusted if they are technologically infeasible or will in some way broadly compromise the

gameplay or artistic design.

4.2.1 Hardware Requirements
According to6 A 1 @dbsit® (steampowered.com), these are the minimum and recommended
system hardware requirements for their most recent multiplayer Source Engindased game, Team

Fortress 2:

e Minimum: 1.7 GHz Processor, 512MB RAM, Direct)&level Graphics Card, Windows®
Vista/XP/2000, Mouse, Keyboard, Internet Connection

¢ Recommended: Pentium 4 processor (3.0GHz, or better), 1GB RAM, DirectX® 9 level
Graphics Card, Windows® Vista/XP/2000, Mouse, Keyboard, Internet Connection

Petrified doesnot utilize visual effects that are as intensive as those found ifeam Fortress Zfor
instance,a soft cartoon-shading pixel shader that is applied to all models), sodanrun comfortably
on configurations closer to the stated minimum requirements.The game runs smoothly on a laptop
with a 2.1GHz Pentium M processor, 1GB of RAM, and a Radeon 9700 video card.

The requirements do not specify what level ofnternet connection is necessary, however. Some of
Petrifiedd O OEOOAIT EI I O Glidioh hat fhebsfatDed Eehdnl statonaryfor e A
Mortals) are difficult to maintain over a high-latency connection Therefore, as an additional
requirement, the network connection must be a broadband connectiowith less than 200ms of

latency to the sewrer or a direct connection via local area network.

4.2.2 Software Performance Targets

Petrified meets the following performance targets:
o Players: 16player maximum (Tested up to 22 players)

e Video frames per second: Stable 60FPS on recommendesel hardware, 30FPS on
minimum, without significantly compromising visual detail (Achieved, with video

resolutions of 800 by 600 pixels on minimumlevel hardware)
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e Latency: Design for less than 100ms ping time, to maintain the illusion that the statues
never move.(Achieved consistent 5mdatency over local area network; average internet

latency was 3650ms).

e Voice chatsupports every player talking at once, but it is expected that at most 4 will be
talking atone timej ! AEEAOAA OEOI OCE 31 OOAphortB$+80 AOEI O

4.3 Technical tools
The SourceSDK integrates with- E A O 1 \@suaiEsdiine of Integrated Development

Environments (IDEs). As a result, his project wasdeveloped with Microsoft Visual C++ 20Q%s this

version has the most support information inthe6 AT OA $AOAT 1 O #1 11 O1T EOQUB O

Qu

The project also utilized a version control system Subversion(SVN), which is available through

7 0 ) Hit®Y/sourceforge.wpi.edu site. This enabld the two developers to avoid creating
conflicting code and also allaved the project to revert the code base to earlier revisiongvhen new
updates proved unstable or otherwise undesirable.As Subversiordoes not integrate with Visual
Studioby itself, the team usd an additional tool, TurtleSVN to commit changes and managthe

code repository.

For non-code resources, such as concept art, design documents, and website materials, the teas
usedDropbox Dropboxis a file synchronizing system that allows several users to share a folder
with each other over thelnternet; it integrates directly with the Windowsoperating system and it

allows for version control through its web interface.
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5 Project Workflow and Management

0 A O O BigrBldhAdntequired all three team members to be working on separate tasks in
parallel for smooth progress. With a timeline of only three terms (24 weeks, counting the extra
three over the winter break), the team needdto be mindful of goals and deadlines to complete the

project in full.

5.1 Man-hours over time

For the first two phases of theproject, the PetrifiedOA AT  OAAT OAAA AAAE [ Al AAOGBO
contributions to check progress against the predicteciumber of hours required to complete

desired design and implementation work.Figure 29 shows the graph of hours worked plotted

against time; the actual number of hours worked each week closely matched the predicted value.

Hours Worked vs. Time

. —¢=—Sum of
Hours
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=fli—Sum of
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(actual)

Sum of
Hours
(adjusted)

1 16
Weeks

Figure 29 z Hours Worked vs. Time

This was an extremelyuseful tool during the design and implementation phases, where the team
was able to predict the number of hours required for each individual task with some accuracy.
Unfortunately, the third term was heavily focused on testing and bug fixing, which led & very
erratic workload; it was not possible to predict how long it would take to diagnose and fix a set of

bugs, so this method was not used through the evaluation phase.
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5.2 Task scheduling and assignment

The teamusedMicrosoft Project to schedule tasksend assign them to specific team members.
Project allows for tasks to be linked as dependant, so that at any moment in timenias easy to
discern which prerequisites must be completed before a task can be started. Taskere assigned
to the team memberswho possesed relevant skills and wee not already overcommitted on other

work. The task allotment can be seen in the form of a Gantt chartAppendix D.
5.3 Process

5.3.1 Meetings and Communication

Throughout the project, the team met at a minimum of twice a week. Each meeting lasted between
one to two hours. The first meeting each week was a meeting with the project advisor. This
meeting alternated format every other week between an informal review sessiomd formal status

reports. During the review sessions, the following items were covered:

¢ Quick updates on the development of the game from all three perspectives (technical,

artistic, and gameplay)
e Discussion of problems or setbacks encountered
¢ Changes oclarifications to design proposed
¢ Unsettled questions raised for mediation/comment
¢ Proposed work for each member through the upcoming week

The status reports were more formal, both in terms of content and in terms of visual presentation.
They were designe to simulate the type of presentations a team would need to make if they were
developing in a business environment. The reports typically took the form of PowerPoint
presentations, with one team member leading the presentation (chosen on a rotating basé® that

every memberled the presentation multiple times). These presentations contained the following:
e Formal introduction

e Summary of changes implemented through the previous two weeks of work, with team

members explaining and describing their individwal efforts

e Demonstration of newly implemented features and content
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original schedule
¢ Additional time for questions and comments

The other meetings each week were interal team meetings, held to allow the team members to

coordinate their efforts and integrate/consolidate their work. Most internal decisions and task

assignments were made at these meetings. The team also used this time to lay out new ideas and
occasionalu OT AT EI Bl Al AT OAGET 1T x1 OEstyledy ArigrafmdingDA 3O OA T
on difficult segments of code.

Between meetings, the team members communicalaising a combination of instant messaging,

email, and telephone.

5.3.2 Report Development
Much like the technical implementation of the game, the development of the project report (of
which this document is an early draft)was an iterative process. During the design phase, the report

went through three distinct iterations:

¢ Project Proposal Review (PPR) z The initial draft of the report, focused on the broad

concepts behind the game.

e Preliminary Design Review (PDR) Zz The second draft of the report, greatly expanding and
clarifying matters of gameplay and technical specifications; it also contains asset igjs

and a selection of early concept art.

e Critical Design Review (CDR) z The third draft, revised based on comments from the
project advisor, Robert Lindeman, as well as comments received from student reviewers

not previously familiar with the project.

Fallowing final comments and revisions to the CDR draft, the design elements of the report
(effectively, sectims 2, 3, and 4) werdrozen, to serve as the design document for the
implementation phase of the project.The original design sections as they st at that point can be
seen n Appendix Gz Original Design Some elements werapdated to reflect balancing decisions
(mostly pertaining to the factors discussedn section 2.3) made during implementation and
playtesting, and a few additional elements were changed or dropped to accommodate time

restrictions and technical limitations. The design freeze wa meant to prevent the project from
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succumbing to featue creepz that is, the haphazard introduction of additional éements into the

design that might haveunbalanced the game or delagd delivery of playable evaluation builds.

The desigh document was based on the original project pitch, visible Appendix Cz Original

Project Pitch which was written in an informal style. It discussed potential gameplay issues and

offered multiple potential solutions for them; it was the first in-depth exploration of the gameplay

i AREAT EAOh OEAT AOh AT A PI AUAO i1 OEOAOCETT O j OEA
from the pitch document remaineda part of the overall design, and the projeawas guided by the

vision laid outin the sentence/paragraph descriptions.

5.4 Project Milestones
During the implementation andevaluation phases, the team Hd bi-weekly status presentations to
discuss the state of the project. In addition to these presentations, progress on the final projects

measured by the following milestone releases:

o First Playable z The first functioning prototype of the game, displging basic functionality
(movement, etc) and placeholder artwork.This release was achieved in the second week of
B-Term 2008.

e Second Playable z The second functioning prototype, displaying more advanced
functionality (Watcher abilities such as swapping ad teleporting, basdc flash-stick

functionality). This release was complete in the fifth week of Berm 2008.

e Final Alpha zThe last nonpublic prototype; near feature complete, with most of the final

artwork in place. Released in the second week of Germ 20009.

e Initial Beta - The first public prototype. Featurecomplete, with all artwork in place.
Released in the third week of @erm 2009.

¢ Public Release Build zThe final public release developed under the auspices of this MQP;

feature-complete and extesively debugged and playtested. Released in March 2009

These milestonesvere not the only builds of the game; the team created incremental builds
versioned 0.4.0 through 0.9.0, with 0.0.1 increases corresponding meid-week builds, and 0.1.0
increasesat each iteration (versioning started at 0.4.0 because there were no installers compiled

for the first 3 iterations). The public release build was versioned 1.0.0.
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6 Implementation
Following the completion ofPetrifiedd O AAOECT h A O 2803AdhduFiededm Hedan OAAOET T «
work on the implementation of that design. The implementation phase focused on creating the

artistic assets and developing the game client and server using tBeurce SDK

6.1 Project Workflow and Management

From a software development standpointPetrified was built up gradually by using iterative

development. The development iterations followed a weekly schedule while formal presentations

x AOA CEOAT O1 OEA DPOI EAAOSO AAéekyGsthedule. THotedBA OOT O 21
met with Professor Lindeman weekly, and held an internal team meeting weekly.

The team meeting was a period of evaluation and recalculation, to make sure that the project as a

whole was on track. During each team meeting, the tearaviewed individual task assignments,

and made adjustments to the schedule as necessary.

Each week, the team gave a status report so that Professor Lindeman would know what progress
had been made, and so that the team could receive guidance. This also ge¢eam an
opportunity to practice giving presentations and status reports, both in a formal and informal

capacity.

6.2 Changes to Design
During the implementation phase, the team tried to follow the original design, but due to technical
and time constrainssome changes were necessary. Though some aspects of the game did deviate

from the original design, no major new features were added.

6.2.1 Changes due to Technical Constraints

One aspecbf the design vaschanged due to technical constraing the visual effect d transition to
dawn during round wasreplaced with atimer. The dawn transition effect was not gracefully
achievable in the Source engineWhile some previousSourcebased gamesttempted such a
transition, the resultant effect was a very short and visually unappealing switch between distinct
day/night states. While it would have been possible to create a series of such transitions to make
the switch more gradual, the overhead (new lightraps and skybox textures for each stage) would

have greatly increased the resource usage, reducing performance all around.
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47 OADI AAA OEA AAx1 AEEAAOSO EIT &£ Of ACEOA DOODPIT OAh
time, the headsup displays (HUDs) ér Watchers was changed to contain timer elementsas shown
in Figure 30.

Figure 30 z Watcher HUD w/Timer

The timer isrepresented as a roaiting stone dial wherein the lighter stone slowlyrotates to cover

the darker material beneath as the round approaches its end.

6.2.1.1 Changes due to Time Constraints
Other aspects of the design were removed or reduced into moesasily implementable forms to
meetthe feature freeze deadline:

e | AAEOGET T Al 7AOAEAO Al AOGOGAOG OAI T OAAN O1 61 cAe AO
base statue.
e Fear point accumulation is based only on time since last Mortal death.
¢ Mortals have no visual modifications (flashlighimodel, new player model, etc), and are
AAOGAA 11 OEA AAZAOBI O OOAOOI OEOOG6 11 AAIl 8
The additional Watcher classes were cut because they represented a significant time investment on
both the technical and artistic sides; each new class would require a large aomt of programming
and testing, as well as new models and poses to visually differentiate them from the base statues.
The design still required their functionality as a stalematedreaking tool, however; in light of this,
the team decided to changethe g-AE OOAT AA O1 61 cA6 AOOAAE EIT O A ObD!

any statue given an appropriate balance of fear points.

Fear point accumulation was implemented as simply as possible to begin with. While it would not
have taken a great deal of time to iplement the other accumulation techniques, early testing

showed that the simple implementation was sufficient, and other features were of higher priority.
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Finally, the team decided to prioritize level design and statue/Watcher modelingver Mortal
improvemAT 008 4EA 7AO0AEAO AAOGECT EO DPAOOEAOI AOI U AOC
be neglected. Similarly, the level design has more direct impact on player experience and exposure

to gameplay mechanics

6.3 Artistic Implementation
The implementation of the artistic requirements proved difficult because of the erroridden
pipeline used to get content from3D Studio Maxor Photoshopgmported into the Sourceengine. The

most problematic part of getting assets in game was getting the collision model to export correctly.

The collision model is an invisible shell that goes over an object. When a player steps on the object,
he or she is really colliding withthe collision model and not the object itself. All collision models
must be convex. For example, if one made a hollow tube as a collision mo8eljrcewould only see

it as a solid cylinder. To get around this, the team tried to make concave collisimodels out of
multiple convex parts. However, the engine still filled in the collision hull and treated it as one solid
piece. Since the only props that needed such a collision model were broken iron gate segments,

those props were simply not used.

When using an animated collision model, such as that of the ghost, collisions were even more

problematic. When exported, the collision model was rotated, translated and did not animate

correctly with the rest of the model. These problems with the collisiohull were posted on the

appropriate forums, but even theauthor of the 3D Studio Max 200$MD converte?, who refers to

himself as@®/underboydwas unable to figure out what was wrong. Instead, a simple collision box

was used to detect collisions betweedh CET OO xEOE A -1 O0Ai h 1O xEOE OE

Another challenging area in the artistic design dPetrified was the creation ofconvincing rock/cliff

structures using theSourcelevel editor, Hammer. Hammerwas originally created for designing

interior spaces. By looking at how Valve level designers created cliffs in levels frotalf Life 2 the

team developed a method for creating cliffs. Cliffs could be built by approximating the shape of the

cliff using cubes, then applying a displacement arglibdivision to the cubes, which created more

vertices to work with and helped to smooth out the shape. The shape was then tuned using the

O0AET O ' Ai i1 AOOuse OiTih AO OEEO CAOA 11 OA m AGEAEI

23-$ EO OEA ETEOEAI #&EI A OUPA OOAA ET OEA 371 OOAA AT CET A
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6.4 Technical Implemen tation
The Petrifiedteam evaluated a number of potential technological platforms for the project, as
discussed in sectiord.1; ultimately, the team settled orvalvA  #1 OBPT OAQET. Working3 1T OOAA 3

within the Source SDKthe team was presented with an additional choice between four code bases:

e Half-Life 2 Singleplayer (HL2 SP)
e Half-Life 2 Multiplayer (HL2 MP)
e From Scratch
e Skeleton
4EA OAAT AET OA AWAOAERS GROAOADIAIARO xEEAE DPOI OEAAA A
multiplayer functionality, but was not as complex as the HL2 MP base. The Skeleton base is
designed for developers who are very experienced with th8ourceengine, as it provides almost no
£01 AGET T AT EOU 1T O AOOEOOEA AOOAOO8 4EOOh OEA O&EOII
complexity and pre-defined functionality.
6.4.1 Source SDK Architecture Overview
The Visual Studicsolution for the Source SDks divided into Client and Server projects, as seen in

Figure 31.

= Zd Client (SDK)
[ Game Shared Header Files
[ Header Files
[ Link Libraries
[AMP3
[ Public Header Files
[ Source Files
[ Tool Framewiork,
= 24 Server (SDK)

+- [ Header Files

+- [ Link Libraries

+- [ Source Fles

+- [ Tools Framemwork,

[ | O O OO O 3 o

Figure 31z Source SDK Solution

Most classes are represented within both projds, with both client- and serverside
implementations. TheSourceengine uses a thirclient architecture, and assuchthe client primarily
deals with rendering the game world, managing the user interface, capturing input to send to the

server,and predicET ¢ OEA CAI AOOAOAS )y O POAAEAOO OEA 11 AAI

updates and from the captured input. The server code handles all of the actual game logic and runs
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the definitive physics simulation. The physics code is duplicated on botiient and server so that
the client can do accurate prediction of the effects of the input, and of the movement of other

entities.

Some entities and bits of game logic exist only on the cliesitle. For instance, there are some

temporary entities, such & the individual sprites that compose a patrticle effect, that are not

managed by the server (since it would require a great deal of bandwidth to do so). Other entities

and effects are managed clierside because it would not make sense for all players see or know

about them. InPetrifiedh OEA 7AQOAEAO08 0O OAl API OédednyGiddeit ACET T EI
would give away Watcher locations if the indicator was visible to other players.

Source SDKnhodifications do not directly alter the Sourceengine in any way. The Client and Server

projects compile to DLL files that are then loaded by the engine executable. Valve has exposed a
COAAO AAAT 1T &£ OEA Alsqid SORG is ADpossiOIED altdr th& Dderlydd OE A
engine behaior directly, such as the rendering system.

Unfortunately, the Sourcecodebase is not particularly organized beyond the Client/Server

AEOOET AOGET TN Ali1T0060 AGAOU &£EI A &£ O AT OE POT EAAOO
Though there is no umiversally consistent naming scheme, it is possible to identify files belonging to

certain modules by their prefixes:

e vgui_ filesrelateto6 Al Gs&rGn@rface system (vgui)

e hud_ headsup display entities, most are based on the vgui system

e C_ files typically denote a clientside entity

e C (without an underscore) files denote a servesside entity, often both a client and
server-side version of this entity exist.

o te_ files are all temporary entities, typically used for special effects or rubble that doot

need to be modeled directly.

A few of the files are clearly commented, while most are no6 A I &nfire Source SDK

documentation contains extra explanations and details for some of the classes and functions

available through theSDK Most importanty, the SDKDocs provide tutorials that point out the

various entry points in the code, such as the game rules entities, which will eventually control the

CAIT A AT A AEZEEAOAT OEAOA EO &£01Ti1 OEA AT AARAAOGAGO AAE
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6.4.2 Petrified Extensions

While programming Petrified, the team tried to follow the encapsulation principle of the Objeet
Oriented paradigm, and in doing so separated A O O EE¢HE, Be@rdirBigure 32, from the Source

SDKcode wherever possible.

=,

i B

= hud

..... ¢+ hud_voicestatus.cpp

..... ¢+ pet_clientscoreboard.cpp
----- ] pet_clientscoreboard.h
..... ¢+ pet_hud_astralbar.cpp

..... ] pet_hud_astralbar.h

..... ¢+ pet_hud_watcherinfo.cpp
----- i pet_hud_watcherinfo.h
..... ¢ pet_minimap.cpp

..... ] pet_minimap.h

i [ oldhud

|= shared

..... f-j pet_gamemovement.cpp
..... ¢+ pet_gamerules.cpp

..... ] pet_gamerules.h

..... ¢+ pet_player_shared.cpp
..... ¢ pet_roundtimer.cpp
..... h] pet_roundtimer.h

..... h] pet_shareddefs.h

..... C+] pet_statue.cpp

..... h] pet_statue.h

¢+ c_pet_astralswipe.cpp

h] c_pet_astralswipe.h

¢+ c_pet_flashbeam.cpp
] c_pet_flashbeam.h

¢+ c_pet_player.cpp

] c_pet_player.h

¢+ c_pet_teflashbeamn.cpp
h] c_pet_teflashbeam.h
¢+ c_pet_telesprite.cpp

] c_pet_telesprite.h

L pet

5 [ shared

..... ¢+ pet_gamerules.cpp
..... ] pet_gamerules.h

..... ¢ pet_player_shared.cpp
..... ¢+ pet_roundtimer.cpp
..... ] pet_roundtimer.h

..... ] pet_shareddefs.h

..... ¢+ pet_statue.cpp

..... h] pet_statue.h

..... ] cpet_flashbearn.h

..... ¢+ pet_astralswipe.cpp

..... h] pet_astralswipe.h

..... f-j pet_gamemovement.cpp
..... ¢+ pet_mapfilter.cpp

..... ] pet_mapfilter.h

..... ¢+ pet_player.cpp

..... h] pet_player.h

Figure 32 z Petrified Code

TheSource SDRT AAAAOA EO AT i1 O0i i 66h AT A EO
PDOT COAI 1T AOO 061 EAADP OOAAE 1 &£ AEAT CAO
i TOA I 1TAOI AO APPOT AAE EAADPO All 1 E

Source SDIKhod in one convenient and organized location.
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Almost all of thePetrified classes extend and override existingource SDKlasses. There are two

major components, however:

« 4EA CAI A 001 A0S Al OFE OUR peDE dndrllds imhnagkd ai kihed A1 A O
game logic; it checks for wirconditions, manages rounds, intermissions, newly joined
players, and generally perform clearup duties to make sure the game continues to function.

e The player entitiesz defined acrossc_pet_playe r client-side,pet_player  server-side,
and pet_player_shared for components needed on botly handle player controls,

appearances, and behavior for both teams.

Of the other classes, only thpet_statue class is a persistent, visible entity. It defines theaue
entities that Watchers can possess and control. The remainder is divided between HUD
components, such apet_minimap andpet_hud_watcherinfo , and temporary entities like

pet_astralswipe that model attacks and special effects igame.

Not all of thechanges to theSource SDiKodebase were made through these extended classes.

Some, such as various user control additions and key mappings, were worked into existing files like
thein_main component used to process all key input. These changes were matkeith starred

AT 11 AT OOh/* @DIA E LAUBCheEs a swipe attack he O OEAO OEAU Al Ol A
identified with a simple search through the code. This method sufficed for the present scope of the

Petrified project, since the number of these nomodular additions was kept to a minimum.
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7 Evaluation

To evaluatePetrified, it wasfirst necessary to define what constitutes a success. The team laid out

several broad goals folPetrified from the start:

¢ Balance z Both teams should win on an approximately even basis; there should be no major
exploitable behaviors that lead to a guaranteed win for one side or the other.

e Fun z PlayingPetrified should be an enjoyable and compelling experience.

e Immersion z Petrifiedshould communicate a feeling of paranoia and fear to Mortal players,

while simultaneously empowering the Watcher players.

Mathematical approximatior® and quality assurance testingcan be used to tune game balance. Fun

and immersion, however, are both vey subjective factors. By exposin@etrifiedto an external,

unbiased audience the team could receive useful feedback, in the form of personal anecdotes and
APbAOEAT AAO8 )1 OEA ACCOACAOAh OEAOA AgbAgEAT AAO
in achieving its goals.

A further, more objective point of evaluation is simply the amount of exposure and popularity

Petrified receives.

7.1 Methodology
Given the need for a varied audience, theetrifiedteam set out to promotePetrified and make it
available to play, while still maintaining the control over the game necessary to monitor its use and

gather feedback.

7.1.1 Promotion
The team used a variety of channels to promoteetrified to potential testers. Much of this

promotion was focused on increasing th online visibility of the game.

31 O ET OOAT AAh AAOAOI ET ET ¢ AT -Afin@Aektiodvith d nipdrig bppdnent. AT COE A

4 Quality assurance testing is the process of manually checking game mechanics under an exhaustive set of

preconditions to find bugs or exploitable behavior.

42



you are not alone.

with you. Or at least, they were with you. They're around somewhere. But there's

d so alive. Have there always been this many of them?

nlJU'UB

Figure 33 z Petrified Website (About)

Petrified was directly promoted through two sites: a dedicated website hosted at
www.petrifiedmod.com , shown in Figure 33, as well as a webpage hosted through ModDRE
popular website for mod-enthusiasts. The ModDBprovided site was more frequently updated and
referenced, because it had numerous useful tools drservices available for free. It was also linked
to a strong community of gaming enthusiasts, enabling them to explore and learn about our game

prior to its release.

To date,Petrifiedl T - T A$" EAO 9o OxAOAEAOOhGSG xEEBHEstEl OEEO
interested in hearing about the future development. The site has also received approximately 5,000

views; some of the individual videos available through the site have been viewed over 900 times,

which suggests that many users are taking more thgast a cursory look at the content provided by

the team.
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Petrified Fly-through & Design Talk
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Figure 34 z ModDB Multimedia Gallery

ModDB allowed the team to create multimedia gallerieshown in Figure 34, of game images
(screenshots, renders, and even pages from the manual) and videos. The team used the image
gallery to visually document development progress. Towards the later stages of development, the
team also created sev&l videos to promote the game. Two of these showcased animation
sequences that could not be represented through still pictures, and one was arengine video that

explored the playtest map.

The team also reached out directly to gaming communities that gt have an interest through

their forums. Playtesters were solicited from the following forums:

¢ Unknown Worlds / Natural Selectionz Offtopic (unknownworlds.com)
e Press Start (platformers.net)

¢ King of Development: Eyes of Burning Indie (selectbutton.net)
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Béta Launch!

Come join us in the IMGD
lab to test out the new
Half-Life 2 multiplayer
mod, Petrified!

There will be food and
drinks and creepy statues
will sneak up behind you.

Figure 35 z Petrified Beta Launch Poster

Finally, the team searched for ortampus testers by inviting other WPI students via postersHigure

35), mass emails, and worebf-mouth.

7.1.2 Internal Testing

The Petrified internal tests ran on two separate nights in zhour blocks (60 or more rounds of
Petrified each). These tests were open to anybody on the WPI campus at the time; in practice,
though, the majority of the participants were friends of the development team or WPI IMGD

students who joined in soon after.

Participants also needed access toSteamaccount with a copy ofHalf-Life 2: Episode 2hough the
team had four appropriately outfitted accounts available for those withouBteamaccounts of their

own. Most rounds involved between four and six players.

During internal testing, two maps were avaible, as shown irFigure 36.
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Figure 36 z Overhead Views of 'pet_tegkeft) and 'pet_graveyard(right) Maps

The smaller mappet_test ,was created as a probof-concept. It was not fully enclosed; players
AT 61 A AOGAAPA OEA A1 O1 AAOEAO AT A EEAA ET OAOI EAI

pet_graveyard ,was centered on a large tree as a landmark. It was also fully enclosed. The

Qu

teraET h ET xAOAOh xAO OOEIT EIT A OAI AGEOAI U AAOI U

and somewhat more difficult to navigate.

(@]
>

At the end of the playtests, testers were encouraged to give feedback via paper feedback forms.

7.1.3 External Testing

The external playtests forPetrified were scheduledseveral days in advanceso that the team could
accrue a large enough set of participants for each test. There were four external playtests in all,
scheduled near the weekend at varying hours so that plagefrom all over the world could
participate comfortably. The first two tests were run for roughly an hour and a half each, while the

latter tests both lasted an hour.
To participate in the external playtests, interested players had to request membership an
exclusiveSteamC O1T Obh OEA OO0OAOOEZEAA 01 AUOGAOGOAOO8S 4 EAOQA

enthusiasts, drawn from communities dedicated to discussing and playing games. By the final
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external playtest, thedd AOOE AEAA 01 AUOA OO Alonteér ménthérd averdging 26 AET A A
hours of gaming a week througlSteamplatform games. This group was very important in

coordinating the testing events themselves, since it allowed the team to

e create popup schedule items visible to group members
e control distribution of the game client

e communicate with testersen masserior to and during the tests

Petrified continued to evolve throughout the external playtests The team implemented numerous
bug and balancing fixes, and developezkveral iterations of a newmap, which was utilized during

the playtests.Figure 37 shows an overhead perspective of this map in its final form.

Figure 37 z Overhead View of 'pet_medium' Map

This map,designatedpet_medium , was designed in part from feedback gathered during the
internal playtests. The map itself evolved throughouthe course of the external tests; these
changes will be discussed in sectioi.2.2 $nce some simple game variablesould be tweaked
directly through console variables, the team conducting some testing ofiangesduring the ongoing
playtests. These tests included changes fear point accumulation rate round length, and teleport

range.
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During the actual playtest sessions, there were usually between five and eight testettspugh the
server was limited to eight players at once. Players we encouraged to communicate via headset
and microphone, in an attempt to mimic the open environment of the laboratory during the internal

tests.

Following each test, testers were encouraged to respond to an online survey about their experience

provided through surveymonkey.com.

7.2 Results
The overall response tdPetrified was very positive. Players reported being immersed in the game
world, and it was compelling enough that many testers in all sessions stayed for dozens of rounds;

some even came to multiplglaytest sessions.

In general, the regular gamers who teste®etrified were more critical of the experience. They
carried over some knowledge and strategies from similar titles, giving them a marginal advantage,
and they knew how to look for glitches anaxploits. Inexperienced gamers also provided

invaluable feedback, particularly regarding the process of learning the game controls and rules.

7.2.1 Internal Testing

The internal tests were the very first tests run, so the game was still lacking some of the gbliof
the later builds. Two mapgqFigure 36) were available at this time: the largepet_graveyard
designed for higher numbers of players, and the smalet _test map, which was primarily
created as a proofof-concept. Despite thisthe pet _test map proved more popular with
playtesters. Its slightly claustrophobic environment worked well for fast, energetic engagements.
It also became apparent that the statue placement in thmet_graveyard = map was undesirable
for both teamsz the statues physically hindered Mortal movement through the map, but they were

also placed such that most could be seen by all Mortals at all times, paralyzing the Watcher team.
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Figure 38 z Testers teaching each other about Petrified

The open lab environment that the tests were conducted in encouraged mentoring and

O/
O

communication. As can be seen irigure 38, testers took the time to explainthe 41 A6 O AT 1 O
and mechanics to each other. Throughout the playtests, the testers could be heard cheering in
victory and yelping with fright and surprise. One Watcher player claimed that his favorite moment
xAO OOAlI APT OOET C OECED® CADERIN A CA Ol G&AT T AIAA
El x | OAE EA AT ET UAA OAAETIC A i1 006A1 AT A 0O

- 0%«
m g
— >°
O B
Bt

(@}

At the end of the playtests, the team gathered results via feedback/comment sheets, seen in
Appendix Ez Internal Playtest Feedback QuestionsFeedback was universally positive. Most
players felt that the game was biased in favor of the Watchers, though Mortat#ll managed to win
many times; many also conmented on their initial difficulty in grasping the Watcher controls,

which prompted the team to create a user manual, which can be seerdppendix Fz Game Manual

7.2.2 External Testing

External testing was almost exclusively carried out by experienced gaming enthusiasts. These
enthusiasts were already intimately familiar with the control scheme used for the Mortals, and
learned the Watcher controls quickly through expeimentation and questions. Because the testers
started at an advanced level of play, they quickly began to discover more complicated and effective

play strategies. Mortal players began to move in formations and seek sheltered hiding spots, while
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Watcher players moved statues to control chokepoints in the map and bided their time to

accumulate fear points for successive attacks.

Figure39z Hiding3 1 60 ) AAT OEAZEAA ET ODPAO; i AAREODI 6

During the early external tests, most testers felthat the Mortals had a mild advantage over the
Watchers, in the sense that they won somewhat more frequently. They faulted certain Moktal
related exploits, such as the ability to boost velocity by repeatedly jumping across the level, and the
i AD6 O IOBOERADI C | O Riplrd30)BdE dredting tidsbrmb&lahcej The team

modified the Mortal movement code to counter the jumping exploit. The hidingpots problem was
more complicated; the team used a combination of changes to the map geometry (exposing some of

the hiding spots) and initial statue placement to discourage this behavior.

Many players requested a further objective or activity for Mortalg for instance, collectible items,
or objectives to complete on a linear map. This was unfortunately beyond the scope of the project,

but this feedback was noted for potential future extensions to theetrified game.

Players appeared to enjoy playing on both temas. In an early test, one tester responded that
O" A Asd ti@ last mortal left and running away fom sevenx AOAEAOO EO DPOAOOU OAl
ATT OEAO OAOOAO #£A1 O OEAO EEITEITC Oxi -1 00A1 O xEO
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Petrified Balance Over Playtest:
80%
£ 70% -
S 60% -
c
§ 50% -
g 40% - m Favored Mortals
c 0 -
§ 30% m Balanced
5 20% - —
100 - | Favored Watchers
0% 1 T T T T
1 2 3 4 5
Playtest #
Figure 40 z Chartz Petrified Balanceby Playtest
The team was also able to collect quantitative dataome of which isshown inFigure40,T T OAOOA OGS

opinions regarding game balance through thgoluntary feedback surveys.Most of these surveys

garnered between five and eight responses, though the thimhly attracted three responses. As the

playtests progressed, moe and more respondents said that they felt the game was balanced. The

fixes may have given the Watchers a slighidvantage, however.A few respondents in the later

testing sessionsclaimed that they felt that experienced Watcher players had an advantage; one felt

OEAO 7AO0AEAO0O OEAA OEA AECCAO AAcCAd6 AOA OF OEAEO

ET OOAT O OxEOAEh AOEI A Al T AEAAAOR AT A AT CAGCA EIT Y
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8 Conclusion

The Petrified project team successfully completed the three planned development phaseslesign,

implementation, and evaluationz and delivered an end product in line with the original concept.

During the design phase, the team laid out a full specification for the e, detailing its gameplay
mechanics, artistic style, and technical architecture. The design went through several revisions, as
the team sought to remove ambiguities, clarify the vision, and address concerns over design issues.
At the end of the design pase, the design was effectively frozen, to prevent new features from

being introduced haphazardly and skewing the existing extensively reviewed design. The only

changes permitted were those due to technical and time constraints

The teamdeveloped the asign into a working prototype during the implementation phase

Through this phase the team utilized iterative development to create successively more functional
and complete builds of the game. The artistic and technical work ran parallel through thihiase,
with Matt Fabian developing art assets and designing levels while Skyler Clark and Chris Drouin

worked with the SourceSDK to implement the game client and server.

Petrified was rigorously tested through both internal, localarea tests and globally ecessible

external tests. Based on tester feedback during this evaluation pha&atrifiedis fun to play,

relatively balanced, and immersive. Testers reported enjoying their time with the game. They
found themselves immersed in the fear and unease di¢ Mortal play experience, and they felt
empowered when playing as Watchers. The testers also discovered several bugs and examples of

exploitable behavior, which the team corrected.

While Petrifiedis now playableand has been evaluated as fuiits development is not concluded
Some aspects of the original design remain unimplemented, and the Mortal player experience is not
as polished and compelling as the Watcher play experience. The team intends to continue work on

Petrified beyond the scope ofthis project.
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Appendix A z Reference Material

These works contain information that may prove useful in developing and implementing the
Petrified design:

Guilfoyle, Erik. Half-Life 2 Mods for Dummiesdiley Publishing: Indianapolis, 2007.

O(,¢71 Ol A +11Tx1 AACA " AOAS86HG (,¢71 0Ol A8 52, q
http://www.hl2world.com/wiki/index.php/Main_Page

033+ $1A0806 AEA 6A1 OA $AOCGATTPAO #1111 O1 EOUS 52, 4
http://developer.valvesoftware.com/wiki/SDK_Docs

04001 OEAI1 0ap -1 A $" 38 52
http://www.moddb.com/tutorials?filter=t&kw=&subtype=def&meta=def&game=61



Appendix B z Asset Listing

Table B1z Texture asset listing

Texture Assets

Name Description Sources Completion %
HL2,
Dirt (variation 1) 512x512, for ground photography | 100% (HL2)
HL2,
Dirt (variation 2) 512x512, for ground photography | 100% (HL2)
HL2,
Grass (variation 1) 512x512, for ground photography | 100%(HL?2)
HL2,
Grass (variation 2) 512x512, for ground photography | 100%(HL?2)
HL2,
Rock (variation 1) 512x512, for ground/debri§ photography | 100% (HL2)
HL2,
Weed (variation 1) 256x256, for foliage Photography| 100% (HL?2)
HL2,
Weed (variation 2) 256x256, for foliage Photography| 100% (HL?2)
HL2,
Weed (variation 3) 256x256, for foliage Photography| 100% (HL2)
Original
Iron For iron gate/fence creation 100% (Original)
Clothing, skin, etc. laid ove Original
Mortal skin Mortal model creation 0%
Bone, rags laid over ghost| Original
Watcher ghost skin model creation 100% (Original)
Weathered/mosscovered | Original
Base statue skin stone over statue creation 100% (Original)

Table B2z Model asset listing

Model Assets

Name Description Sources Completion %
Original creation, 0% (used

Collegeage human, geared for | HL2 (walking, terrorist

Base Mortal chilly outdoor exploration running) model)
Weathered statue styled after a

Base Statue | hooded religious figure in prayer | Original creation 100%(original)
Skeletal ghost figure draped in

Ghost NI 34X ¢k R23Qa & Originalcreation 100%(original)
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