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Black Rock Studioy u_
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* Studio Culture
— Specializing in Racing games
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— Based in Brighton
— Acquired by Disney in 2006

* Recent ga mes
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Background g °

s

* Split/Second dev began in 2007

— Focus on innovation N o
* Original game conceptin racing space 'y \ L o
* Destructible environments as a game mechanic B =
— Essentiallya ‘weapon’ to take out opponents ¥ oy
* “Every lap is different” ; > V"
— Routes change dynamically throughout the race *T:.\ )

» Setthe bar high for visual quality
— Epic effects with cinematic look-and-feel




EarlyDays 2 T 4"

» Picked up by MotoGP’07 team after ship

— Had lots of talent and experience T
 Ambitious feature set that didn’t play to our strengths\

— Team structure split by discipline o 2
* Needed to establish new workflow for contehﬁcgea’gion )

— Tools needed new features for game requiremeh%s
* Animation authoring S5 N

* Composition of Time-based objects " |
__* Rapid prototyping and Play testing b\

\ i




What is a Powerplw.’;_

* Large scale set-piece

— Environment specific Nl )
— Built-to-suit (&Y \ ~‘_\,&;
— Multi-stage Route changers \ y & =
* Smaller scale animated props s o \
— Reusable across levels N R

— Can be easily placed in multiple locations




What is a Set-Piece?..;L

e “..ascene or sequence of scenes the
y g ; , T
execution of which requires serious logisticqi *

planning and considerable expenditure of o 3
money” x

\

o “..0often used more broadly to describek‘anya .
important dramatic [or comedic] highpointin_
a film or story, particularly those that provide
some kind of dramatic payoff, resolutidp; or
ition”

\ i

http:Hen.wikipedia.nr‘g.’wikifSet_piece_(’film)
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Powerplay Exampl.s’

* Downtown
— Tower Collapse

— Heli-tunnel Demolition
— Exploding Petrol Station’

* Generic

— Wrecking Ball
— Exploding Bus
— Claw Crane
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Economy of Scaley ®
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* Downtown stats
— 82 powerplays

— 97 triggers

— 525 timelines

— 1013 animations
— 2503 bones

— 6004 particle systems o2

— 220 rigid bodies \ a |




Tech Requirements ..;-_

* Triggered destruction events |
— Dynamically modify circuit at runtime i g
* Sequencing of animated instances - . {x
— Control playback of multiple animations oyer time

% o n

* Animated collision support . B

— Transform rigid bodies along w/ rendered e I Y
animation '

Tool-Driven Pipeline — sandbox to play in!

nce - Maintain 30 fps!




Tech Desigh 3 T o

* Skeletal animation engine
— Simple and scalable

* Deterministic collisions for predictable - « " &
outcome \ e
— Use key-framed motion on rigid bodies .+ '

— Rigid body transform driven by bone matrices <

* Timeline system

— Class architecture provided extenmble framework
ime-based objects o




Tech Arsenal » °®

s

* Lot of good tech in our studio

— Heavy use of existing internal tools =7 |

* Tomcat, Nipple, Moses ‘& \ ;

* Leverage 3" party applicationsand ¥ =,
middleware where applicable Rl © \
— Maya \ .

— Havok




Tech Strategy o T o

e Author rigged models and skeletal animatic
os

clipsin Maya N

— Including support for collision attachment . \ ;
* Assemble multiple animated instancesonto '+

Timeline in Tomcat il “hi
 Add Timeline to Powerplay \ =

* Place Powerplay into static enwronment and
link to trigger box |




Anatomy of a Powerpl&-_

* Powerplayis container file for Timeline
Instances W A

* Timeline is container file for animated - . q,
instances (and other timeline entries) \
— Timelines can also include other timelines » “: .

* Single Powerplay consists of several Iayers ofw
nested instances

— Complicates asset management

\ i




Pipeline Overview © ¢
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Maya Nomenclatuge® ¢ ¥
* Shape node hierarchy
— XXX_A
* Shape node YYY
— Rigid bodies inherit node name

* Joint hierarchy
— Root XXX A B oo
* Joint_YYY £ i

* Joint prefix stripped at runtime to lookup matching rigid
= body in exported physics system

otive solution for animated collision

i 7 PGO5 MultiBus_1 A&

o polySurfaceld
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Maya Export 9 T4
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Powerplay Creation ®
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Live Update @ T4
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Part ||

Pipeline Intro
Prototype Pipeline
Production Pipeline
Timeline Framework




Workflow

* Design Team
— Mock up prototype in Maya and play-test

* Environment Team
— Extract relevant geometry from static enviconment

% o n

* Animation Team . B
— Build production version of Powerplay » .
 Secondary Effects |
dkayer additional special effects




Maya Tools Deployrmﬁi-_

* Ensure all end-users using common

configuration N
* Used P4 to centralize required versions - . ¥ q,
— Shortcuts to installers (Maya, PhsyX, HCT, etc) ° :
— In-house extensions i B\
* scripts, plug-ins, shelves and icons -

— Havok Filter Manager Configuration Sets (.HKO)" \
Auto-sync at start-up to guarantee up-to-date
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2008
[ [

plug-ins

) ssFilterRdll #9/9 <binary+=

£} AnimExportermll #5/5 <binary+ >
E] CatImpExp.mil #15/15 <binary+l=
= prefs

. :-_] icons

scripks
55_Animated_Powerplay _Pr vpe HKD #7)7 <hexk+=

55_Powerplay_Protobype HKO #515 <hbinary+:=
55 _Powerplay _Set HKO #171 <hinary+l=
55_Preview HKO #1[1 <binary+=

55 _RigidBody HED #5/5 <hinary+=

FixupHavokUserData, js #4)/4 =

HavokExportMultiClips . js 2212 <binary+ =

maya_toolDeployment_setup.bat #1711 <binary+=




Prototype Pipeling T 4"

* Designer-Driven
— Brainstorm ideas for each level

— Author prototype animation in Maya

* Not riggers but capable of key-framing | \ 4

* Use simple primitives with custom collision at;ributes

* One-button export of animated instance ' $ t )
— Importinto level using Powerplay “Wizard” _\:\ \

* Automagically creates new Timeline, Powerplay, and
trigger objects

\lersion control integration -




i_reate  Display ‘Window Select Mesh E

KR RERALE B

5S_Prototype | 55_Powerplay | Animation | Curves | Custo Gt
* Exposed interface to simplify workflow -~ &
* Custom Maya shelf invoking mel scripts, ;f'
— Key-frame shape node hierarchy - )\
— Add custom collision attributes | - RN
— One-button Export |
ear button to reset scene
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Collision Attributes * 4
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Auto-Rigging » T o

* Duplicate group to preserve original anitﬁ ”
* Createjoint hierarchy for key-framed shap‘e \

nodes ) ' “_{&;
— Place bones at rotate pivot \ Lt

* Bind shape nodes in duplicate group to " B
corresponding joints b

— Copy key-frame data from shape node to Jomt |
o support for scaling




One-Button Expont ..;-_

* Exportskinned mesh as XXX_A.cat file u5| ”

internal CatimpExp.ml| ~."“~“\-I‘~‘“-‘x |
* Invoke Havok exporter silently using batch . \ &
mode flag to output XXX_A.havok file (XML ¥ ¢
format) R

— Contains skeleton, animation data and rigid boaies\

* Saves ‘snapshot’ of selected export group as
XXX_Export.mb 2




Powerplay Wiza rd ..;-_

Automates import of animation into Tomca

level
Performs basic validation

J‘\ ;

Creates required Timeline and Powerplay

assets

Creates trigger and Powerplay mstances in

level specific XXX powerplays.cat
inks trigger to powerplay




Irrpport Andmiation

Sl i areenalad inck anos 1o et

Jgeet

I‘.r---..!_-r. 3 ¢ 'y Dt i S rarralered (DGO MURP OGS Mulus | Aca Eresenr |

Powerplay Wizard ®,

2ixj

Eooord  lighers) Anisafies Releewi Degley ‘Wivelss e
[

LT WAN A & %%

a —

-'.\_l. E—

W Powerplay Wizard

Validation

e St ST S T [ i e

R,

i

Bevige DRO PubPus 2 R Frpem
Sk S Ly Ve un] oy

EL‘-:-E-.- rood dotusent have cormect ™ _Powesrplays_map . Cak” nbse corertion]
Does gt Snset Firvs commeadt T AT Rame Convanign
D o'l Pty iy chricbdry' sEriaciud doist 7

15 Ehs pdaier plansd Nl v adabie o chadk-ca T

vl G meerlerw n | Ve Ve

1By

— [ R ST T il

Confirmation

i hodowanig cat Fles bo maplhie and P4:
<004 Poserplayvs|Powerplaes PGS MutiBus 1 Foat >

ke e L P Oeerplay sl Timelines P05 MotBus | Toats

oo b b ok o P ORSRER DRSS L ARETISOONS | PGE0S MusiEus| PGS, Muiis 1 _A.cats

A Fiolicwng instances to associabed cat files:
[PGOS MultiBes 1 P Lo <Downkossn powerpbnvs ool ™
[PE05_MultiBus 1 _T] ko <RG0S _MultiBus | Poak>
|PE0S Mot 1 A bo <oPG0S MuotiBus 1 Tost>

Tdiin

L

Huddd ithe Followdng everds bo the imeline
I >

Warnings:




Prototype Twea kim’; _

e Placement and scale

— Fit instance into existing track design e )
* Animationtiming ‘& ) \ - ‘.@‘,;

— increase/decrease speed '\ Lt
* Build Powerplay using Moses _‘ ’ “‘ >y

— Simplified ‘aliases’ to rebuild requisite data b

e Play-testing and sign-off




Prototype Sign-off ’;

* After sign-off production version can béblﬂ
|

— Designers pair up with Animator Ve “{‘{ :
WA
* work together to add more detail (grey box) - = | -
* Prepare brief to environment team x

— Environment artist pair up with Animatori . .

» extractrelevant portion of Tomcat level into stand-*
alone model RN

* Pre-triggered and post-triggered states f'

— Handed-off to animation team to bring to Iif_e
rigged model into same scene ‘ N







Production Pipeling®

i
-
i
\

Animator-driven

AN

‘%.
More powerful version of prototype pipeline

'

Provided multiple shelf buttons 4%

— broken down into individual steps \ £

Allows more control over authoring process *
N

»
\

‘ =
L

\

\ i

N\
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* Supported functionality ) =
— Fracturing \ ;-
— Rigging and animation . P
— Attaching collision o Y
— Generation of static pre/post models |
lidation and export




Fracturing 9 "o

* Break initial static models into pieces
— Might be necessary to extrude interior from © " °

paper-thin exterior faces . \ ;

* Utilized several fracture techniques w/yarying ;
degrees of success WA
— 3" party plug-ins (Blastcode, rayfire) | N .

— Chop-and-crack (noise-based cutting planes)
— Manual cutting (splitting faces by hand) '

ing area of R&D -




Rigging and Animatfpﬂ_;_

* Utilized several techniques

— Auto-rigging e g
* Manually key-framed shape node hierarchies = | \ -
= = = = -%1
* Baked simulations using dynamics | v 4.
— Hand-crafted rigs Sor 2 ‘
N
* Manually key-framed joint hierarchies ' Pl
-
— Control-rigs | ol

* Employing IK and physical constraints
o° Drive game rig using parent constraints




Attaching Collision *®

i
i
\

* Usually performed after animating
', I \
* Don’t want to use rendered mesh as basis for, .

collision shapes ‘) v 2
— Geometry is too dense & ¥ 4
— Best approached using simplified shapes L™ < '
— Helps avoid snags in-game \ N

N\

— Essentially want to decompose non-convex mesh
into simplified set of convex pieces (non-trivial)

shapes help reduce number of rigid bodies ° -
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Pre/Post Modelsy ..;-_

* Rendering skinned mesh expensive on GP |

* Use simple model swapping strategy =

— Render static models before/after triggering X \ g
Powerplay | "~

1.

— avoids skinning overhead but increases memory\

footprint due to additional geometry <

* Generate XXX_A_Pre.cat and XXX_A_Post.cat
— Automatically created at Maya export \

'\\\

oves binding at first and last frame | -




Validation and Exp@rl..;_

* Powerplay Exporter

— Written by Tech Art team about midway throﬁgh“ g

production (&Y \ ~ ;
— Essentially bolted on top of existing export scripts
— Helped provide art-friendly entry point for‘expert

process

— Provided an extensible interface for detecting and N
correcting known issues prior to export '\ - |




Validation and Exp@rf
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Production Sign-oi";

* Production asset replaces prototype versiol |
on timeline e AT
» After sign-off Powerplay handed offto - "« "« o
additional sub-teams for layering of secondary

effects on the timeline il “hi
— Particles N

. b \
— Debris

— Audio




Timeline Sub-System® ¢*

* Pivotal piece of tech for authoring'Powerp

* Extensible architecture for time-based objécti* ‘

— TimelineEntry base class e =

* Animations, particle f/x, area-of-effects, game events,’
audio events, debris emitters, nested timelines . \

* Both tool-side and run-time |mplementat|ons\
— Can preview playback in Tomcat

» Exporter serializes entries into runtime format

\ i

'\\\




Nested Timelinesy = ¢°

e Fostered reuse in certain cases

* Create once and instance into new powerbla‘\s

* Facilitated collaboration . =
— Provided mechanism to partition entries into |
separate timeline files so they couldbe = |
individually edited at the same time S
\ N




CEINERACHICE B

i
i
\

* Placed onto timeline to modify game state

data-driven manner R e

— show/hide animations ‘Y \ ;
— enable/disable triggers \ '
— Pause/reset timeline il i

» Events and parameters defined in XML file R,
— strongly typed & \
Event parameters can be assigned valu'es_via
user-interface in Tomcat -




Event Timing »

'I' r:t.w.dﬂur.l-u!‘mw.r WP rltm' wﬂﬁh—%—ﬂjﬂ-’.ﬁ‘{qwmﬂ'ﬁﬂ rl“""'fl

ko e
bt alnl s

3 B E_commsr_Anim_T.odt

Create  Yiew Fapot Help

| P | | ey

e ent Lire ,|-1.? TR T | timeding length | is [ Loop

debris_01 [ \MAnimations\PP18_Building Explode_comenPP18_debris 01 A cat)
debriz02 [ \VAnimations\PP18_Building_Explode_comenPP18_debriz_02_A cat] ]
debris03 |. Manimations\PP18_Building_Explode_comenPP18_debris_ 03 A cat] I

WIDE oy

%{{nldmuamrti
Wi %:.' o
#ﬂm_mm| AL 1

HIBE

E.FE“HI-!II wl A |

HIDE |

L nmﬁm[ A 1

base_post [ Anima...|
coliision [ \Vnimations\PP18_Building_Explode_comenP

F oaa f I lal =it — o | It ]

| |
0 l 2




Timeline Event XML® 8

<event name="EnableTrigger" id="0":

= <paramsx
=l <param name="Trigger" type="HodelId":>

17 e i <filter namwe="Powerplay 0bject Type" value="inerplag_Trigger"}{ffilter}
i' </ param:

114 H </ params

</event>

id="14"

<ewent nstne="SetPowerLevel" =

<params
119 5 <param uiname="PowerLevel" name="PowerLevel" type="Int" min="0" max="3" def="0" »</param>
120 E </ params >

</events>

<ewvent natme="ResetTimelineTo" id="15">

<params
=l <param name="Timeline" tvype="HodeId":

126 ; <filter namwe="Powerplay 0bject Type" value="Timeline" »</filter>

127 ? </ param:

123 i <param name="Time" type="Float" min="0.00" max="1000.00" def="0"></parsm>
129 ? </ params

: </event>



Multi-Stage Powerph\ﬁ;

* Progressive destruction

— Pause event to ‘stop’ playback N \

— Disable current trigger ‘& \ ~h_{,:

— Enable subsequent trigger \

— Continues playback from previous time point )
* |dle animations for ambient motion H N L

— Multiple clips &

* |dle_XXXand Action_XXX name convention ©
s to first frame of next animation clip = =
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Area-of-Effects » *®

s

* Runtime explosive forces

— Triggers shockwave/physical impulse 8

— Affects vehicle handling ‘& \ ‘%:

— Assigned attributes which impact game state . 5
* Cause crash state _‘ - :
 Camera shake | ™

* Controller rumble - g o
* Track damage |
* Post-processing effects ) '




Visual F/X

* Provided eye-candy
— Degree of realism and visual polish
— Give “Hollywood” look-and-feel

* Particles \ C&-
— Emitters placed on timeline | el 7,
— Optionally attached to bones =

* Debris cannon

Pool of dynamic rigid bodies launched at a given
locity/trajectory . -




Rapid iteration
Troubleshooting

Performance
Usability

Part ||




Live Update @ T 4"

e Streamlined iteration time

\x‘

* Avoided need to rebuild assets when mak‘ihg
small changes L e
— Placing instances | .
— Tweaking animation speeds N

» Supported for Animation, Timeline and N
Powerplay instances " |




Powerplay Asset Chegkg

Performed validation of common errors

Red/green status indicator
— Prominent display

i
-

Helped identify problems before databqild

Presented list of offending instances with

error messages

!
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Rigid Body Renderij{
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Performance » ®

i
i
\

e Skeletal animation |

v, \
— vertex textures for matrix-palette skinning gave,us
good performance for rigs w/ high bone counts t :

WAl

=
— Industrial-strength compression \ -

* Model swapping to reduce skinning overhead

* Rigid Bodies R,
— Key-framed motion does not require ! '
synchronization during online play

N\

hapes help reduce number of collision bones -




Asset Reportingyp °

s

* Analyze performance of animated instance

— Geometry N

* Number of bound verts (Rigid/soft skinned) - = | \ \ %_ﬁ
— Material | Y4 -
— Animation _"" P \

* Bone counts ‘ 5,
— Collision e

* Number of rigid bodies

Collision shape density




Powerplay Reporty ¥ o

e Candrill down into Timelines

¥ Instance Usage
Instances = 55
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Rigid Body Repord ’.'-

* Number of rigid bodies and collision shép
e Convex hull/mesh shape density Nl

e Candrill down into Timelines \

Instances - 17
Total Rigid Bodies | Rigid Bodies Animated | Animate | Colision Shapes i-::cn'-'s:a; Huls
21 0

— =
3 Ped LA

apsng_bidlding_p.cat
Fe=h_bunieel_brack a pocat

ol B LA O DA D =
=

= == ) )




Usability

* Usabilityissues

— Cross-discipline communication
* Informal catch-ups

— Time-and-motion studies | g £
* One-Button Export \ = ‘
» Powerplay wizard | A,
» Asset Validation - R




Conclusion » ®

i
-
i
\

* Do more with less tech

— Empower the content creators e R
e Author assets in stages ‘& ) ' §-
— Well-defined workflow '\ Lt
* Keep tech flexible Ny B V.

— Adapt to changing requirements . e Y
* Build user-friendly tools |
ddentify and automate tedious tasks
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