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Who is this guy

animation programmer at Ubisoft Montreal since 2005
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This Talk:

o Little history of animation systems
« Motion Matching

o Workflow

e Procedural Touchups
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On the first day,

God created the function PlayAnim()




PlayAnim(RunAnimation);



('walking && wantToWalk)

PlayAnim(StartAnim);
walking =

(IsPlaying(StartAnim) && IsAtEndOfAnim())

PlayAnim(WalkLoopAnim) ;

(walking && !wantToWalk)

PlayAnim(StopAnim) ;
walking =

.F



Walk

State Machines

Run
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(speed > 3.0f)
PlayAnim(RunAnim) ;
(speed > @.0f)

PlayAnim(WalkAnim) ;

PlayAnim(IdleAnim) ;



Walk

Skr_walk -

skir_walk

- Walk

skrr_walk_accel

Skr_walk_accel « emm—ooL_ __ walk

Run
Walk . . Run
Run -
Sprint - -
Speed 6.87
Accel 0 Accel
“~~— . Run

Accel
0.0 -—

nnNn —

Run

Skr_run_deaccel_mecanim -
Skr_run_mecanim -
Skr_run_accel_mecanim

0 x Run

skr_run_deaccel_mecanim

- Run

skr_run_mecanim

- Run

skr_run_accel_mecanim

skr_sprint

Sprint 7 A SR

Skr_sprint . "J

skr_sprint_accel

Skr sprint_accel - ——— Sprint

0
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» Base Layer
- ShootingLayer - - Walking
CHyere = Walking rifle_walk
Locomotion - Walking
m-.n&.l- :
e_turn_L -
mﬁ.:'a'lk . rifle_turn_F
::::::;::: T S— . Walking
Directior™ -1
rifle_walk_R
. Walking
Parameters
Direction 00 - _
: : jogging_45_|
IsJumping - -
. - Blend Tree
IsRolling ™~ -
IsClimbing - = Blend Tree rifle_joggir
IswallRunning - N - Locomotion Blend Tree
IsShooting ™ - Jogging_4S5_L - _f
. Rifle_jogging - 7
IsRunninglump = - Jo“m_u R . jogging_45_F
IsRunningRoll ~ - Directior™ x Blend Tree
™~ -

IswallClimbing
LE B B B N . Q



GAME DE

animation 0
animation 1
animation 2
animation 3
animation 4
animation 5
animation &
animation 7
animation 8
animation 9
animation 10
animation 11
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Question 1
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Where would you put this animation
in your structure?

Start-Strafe90-TurnOnSpot45-Stop




GOC .....

Crouch Dw
'OnGround ™
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Hero_Nav_RuninField_SMsec

AwarenessContext Stances
Tall Grass

Speed SightVelocityAngle SlopeVelocityAngle Banking

Hero_Nav_WalkFwd 1Msec_BankRt
Hero_Nav_WalkFwd 1Msec_BankLt
Hero_Nav_MoCapNarrative\WalkSlow_1Msec

Hero_Nav_JogSlow_3Msec
Hero_Nav_JogSlow_4Msec
Hero_Jst_\WalkFast_3Msec
Hero_Fight_WalkFwd_BankH
Hero_Fight_WalkFwd_Bank
Hero_Nav_WalkSlope_30D
Hero_Nav_TransiionLoop_H
Hero_Nav_RunBump_LtSide
Hero_Nav_RunBump_RtSiddq
Hero_Nav_RunFwdDirection
Hero_Nav_RunFwdDirection
Hero_Agg_SprintFwd_BankH
Hero_Jst_walkAggresive_2N
Hero_Nav_Run_5m_NewS
Hero_Agg_SprintFwd_Bank
Hero_Agg_SprintBump8m_L
Hero_Agg_SprintBump8m_H
Hero_Agg_SprintBumpbm_L
Hero_Agg_SprintBumpbm_H|
NPC_Walk_Slow
Hero_Nav_Run_5m_NewS
Hero_Nav_Spnint_stop_6m
Hero_Nav_Sprint_7m_NewS
Hero_Jst_walkAggresive_2

AnimQuery query;

query .AddDesiredFeature("speed”
query.AddDesiredFeature("slope
query.AddDesiredFeature(“straf

C

Array<

SetBlendFactors(blendFactors);

Hero_Nav_Run_Slope_30DegUp_
Hero_Nav_Run_Slope_30DegDown_5m

Hero_Nav_Sprint_8m
Hero_sprnt_10m

Hero_Nav_Run_5m_NewStyle_LongStnde_20Fps

Bump

> blendFactors = ComputeBlendFactors(query);
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Question 2




Is there a way to deal with loops

and transitions in a uniform way?
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To appear in Proceedings of SIGGRAPH ’02

Motion Graphs

Michael Gleicher* Frédéric Pighin®
University of Southern California

Institute for Creative Technologies

Lucas Kovar
University of Wisconsin-Madison University of Wisconsin-Madison

is desired, then often there is little that can be done

UnStrUCtured I iSt Of an i m ati ons ire more data, a time-consuming and expensive pro-

Preprocess:
Figure out when you can jump to somewhere else

FYLALLIWE LINRG LU LM G LU GAOIR O WO Ll LA VY LLLIAY CLE VLRI ©L LSRR

without worrying about having a piece of motion data that contains

the correct number of steps and travels in the right directions. We
alen need to he ahle to direct characrtere who can nerform mnltinle
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on the graph. We present a general framework for extracting par-

ticular graph walks that meet a user’s specifications. We then show
haw thic framework can he annlied to the enecific nrohlem of ot
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When reaching a transition point,
decide where to go from a list of possibilities

Idle I

Walk Forward &

Turn Right 90°

Turn Left 90°
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Question 3
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How do we choose the next animation?




GBC

Reinforcement Learning based
Character Locomotion in
Hitman: Absolution

Michael Buttner
Technical Director - I0 Interactive / Square Enix

GAME DEVELOPERS CONFERENCE'
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For comfortable control, we need a dense graph




Motion Fields for Interad™

1,2%

Kevin Wampler! Gilbert |

1 University of Washington

Yongjoon Lee

Abstract

We propose a novel representation of motion data and control which
ives characters highlv agile responses to user input and allows a

natural handling of arbitrary external disturbances. Our represen-

®

value: se0 0 @ @

next state? 3%

Figure 2: Action search using a value function.

value: % § % O

la

£t
L

a]

a| generalization of a vector field which we call a motion field. Our
c| run-time motion synthesis mechanism freely flows through the mo-
tion field in response to user commands.

K

Our represen-

tation organizes samples of motion data into a high-dimensional

ti
1 Introduction

Human motion is a hichlv-varied and continuous vhenomenon: it

a
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m
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g
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es
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or.
‘a

continuous state representation with an optimal control framework.
We find that this approach provides many advantages for character

animation.




graph field
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The problem with Motion Fields:

the equations are scary...
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Let’s just use the main idea of the paper:

We can jump to any other frame whenever we want




GDC GAME DEVELOPERS CONFERENCE' March 14-18, 2016 - Expo: March 16-18, 2016 #GDC16

Question 4




How to choose the ‘correct’
start time in a stop animation?

pose matching?
velocity matching?

precise end position matching?

a mix of all of the above?
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Introducing Motion Matching
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A ridiculously brute-force

approach to animation selection
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Algorithm:

Every frame, look at all mocap
and jump at the best place.




GDC GAME DEVELOPERS CONFERENCE' March 14-18, 2016 - Expo: March 16-18, 2016 #GDC16

Every candidate jumping point has a cost.

If the candidate matches the current situation

and
the piece of motion that follows brings us where we want,

then the cost is zero.




52.059_LSword_Nav_Walk_Repositiond5Deg_8Dir_ 01
52.060_LSword_Nav_Walk_Sta = D02
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52_061_LS~«d_Nw_de_C-dePl

mws._osz_”umu”_u.v_whk_mmhs_u"s_lT_laooég_m i

alk_Plant45_135 90 180Deq_01_B.mov

ré

07:16:35:00




Switch multiple
times per second
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Step 1: Mocap




NO SIGNAL
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Step 2: Code




int m_CurrentAnimIndex;

float m_CurrentAnimTime;

void AmoUpdate(Goal goal, float dt)

{

m_CurrentAnimTime += dt;
Pose currentPose =

EvaluateLerpedPoseFromData(m_CurrentAnimIndex, m_CurrentAnimTime);

float bestCost = 1000000,
Pose bestPose;

for (int 1 = @; 1 < m_Poses.Size(); i++)

{

Pose candidatePose = m_Poses[i];

float thisCost
if (thisCost <«

{

bestCost
bestPose

= ComputeCost(currentPose, candidatePose, goal);
bestCost)

thisCost;
candidatePose;



theWinnerIsAtTheSamelLocation =
m_CurrentAnimIndex == bestPose.m_AnimIndex &&
fabs(m_CurrentAnimTime - bestPose.m_AnimTime) < ©.2f;

('theWinnerIsAtTheSamelLocation)
m_CurrentAnimIndex = bestPose.m_AnimIndex;

m_CurrentAnimTime = bestPose.m_AnimTime;
PlayAnimStartingAtTime(m_CurrentAnimIndex, m_CurrentAnimTime, ©.25f);



float ComputeCost(Pose currentPose, Pose candidatePose, Goal goal)

{
float cost = @.ef,;

cost += ComputeCurrentCost(currentPose, candidatePose);

return cost;
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Trick 1: Posematch only a few bones




v -
iy
R -

Pose/Velocity Matching

Local velocity

Feet positions
Feet velocities

Weapon position

Precompute and save

with the animation
for fast cost computation
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How to follow a desired trajectory?




candidates

d_e_s_.i red
RY

Trick 2: Just check where a piece
of animation brings you
if you play it



class TrajectoryPoint

{
Vector3 m _Position
float m_Sight;
float m_TimeDelay;
I

class Goal
1

Array<TrajectoryPoint> m DesiredTrajectory;

Stance m_DesiredStance;

¥;



- Trajectory Matching

Future position




ComputeCost(Pose currentPose, Pose candidatePose, Goal goal)

cost = @.6ef,;

cost += ComputeCurrentCost(currentPose, candidatePose);

[T R

cost += responsivity * ComputeFutureCost(candidatePose, goal);

cost;
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Now we can match more things




Future Stance Matching
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Optimizations (subject of a future talk)

e LOD

e KD-Tree

e Motion Shaders
o Etc.
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Trajectory Simulation Choices

o« Displacement from Animation?
o« Displacement from Simulation?
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Our choice:

The code decides the real simulation point




| Trajectory Simulation

Spring damper on

velocity:

predictable and
comfortable

-~

\a
4
/
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Choose animations that follow the simulation

And do Displacement from Animation
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With Entity To Simulation Clamping

Clamp the entity

Q

15 cm around the
simulation




Future Trajectory Prediction

Run actual simulation code
to predict future trajectory

Predict stops on walls and
ledges ‘

——



' Future Trajectory Prediction
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o Workflow
e Procedural Touchups
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Attack Outcome
Regular Block

Regular Block

Event have a type, which will get
requested by the clip

Regular Block A

Event constraints matched in
gameplay goal

Hit

L
34 100_LSword |

tr
Nurt_AliStance LeftSide 01 best

‘ Hit

34 099 _LSword Hurt_Top_BackSide_01_best

34 098 _LSwor

39 074 _GenericS

39_075_Generic

Copy of 25_117 FPP_LSwg

Copy of 25 115 FPP_LSwol

Copy of 25_113_FPP_L Swo!

Copy of 25_111 FPP_LS

Copy of 25 109 FPP_LS

d_Hurt Top FrontSide 01 best

word_HeavyHurt_Lt_Rt_Front_01

word_HeavyHurt_Lt Rt Back 01

rd_Topleft_ActiveBlock_MoveForward_01

d MidRight ActiveBlock MoveForward 01

d_TopRight_ActiveBlock_MoveForward_01

word_MidLeft_ActiveBlock_Moveleft_01

word_Topleft ActiveBlock Moveleft 01

Hit

Hit J

Hit

Hit

Interrupt Block

Interrupt Block

Interrupt Block

Interrupt Block

Interrupt Block

Interrupt Block




, p— " . 51050 [0 GARA 48 0 A
f ) "
|—§
e - PO

n- (BBIod(s).Q h.'ld-@ amadmd_m_mom\ngaum_mv[v | seconds v | ¥ o_nm

# Animation: E |40 555 |
# Slave Clip: Re— - 52.061_LSword_Nav_Walk Circle 01 LA Male
e g 52.060_L5word_Nav_Walk Start .1 03 S| Mae
¢ Type: - -
e . 52.059_LSword_Nav_Walk Reposition45Deg_8Dir_ 01 N

TSNS Male

52_062_LSword_Nav_Walk_Plant45_135_90_180Deg_01
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20.020_FPP_L Sword_Sprint_DoublePlant 01 sk
20_018_FPP_Sword_Sprint_Circle_01 plaie
Sprint Left 50-50 i
B Animation Phases » Male
Propemos x ?
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imummmw '
Male
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2]
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@
Male

Male
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e Procedural Touchups




Orientation corrections

e Let the anim decide rotation but
o Correct to match future desired position
e Or to match future desired orientation
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| Procedural
Rotation

When future orientation is more important
than future position,

rotate entity to match that instead
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What if Gameplay
i wants to double
b the speed?
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Just sliding
often gives
better results




Sliding Prevention

Lots of sliding
from:

« Blending very often
« Keeping up
with gameplay
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Sliding Prevention

- -

W o S | ock the toe when
i o g it doesn’t move
3 T R g too much in the
SRV 2 - o main animation
it A - e 5 - - i oy
" 0 “ R T
; i 98 \-r( -.






X Qwarplng

{ , w | target ground
2 __smooth ground

Carefu-liy tweak ground
smoothing
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-' - Prefer smoothness over |

Slope Wa rplng . absolute penetration ‘
preventlon ?

Don't break the pose:
Never hyper-extend the knee




Slope anims are )
automatically chosen by
3D trajectory matrc_.hisljg' |

warped anim

|

anim/

IK only compensate for
what is missing from the
anim
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Need preC|se
interactions on
any terrain

Sword IK ?

Not general enough
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Spine Pitch
Bending

Keep whole upper
body in sync
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All together now
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Future Work

o« Match more stuff
e Surfaces
o« Interaction Partners




Conclusion

« Motion Matching is a simple idea,
that helps us reason about
movement description and control

DATAC—)

MATCHING

{—GOAL
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Conclusion

o It's also a new type of animation
system, with three advantages:
o High quality
o« Controllable responsiveness
« Minimal manual work




Final Shower Thought




Let’s just markup the mocap with the
inputs that should trigger the moves.

And generate everything automatically...
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Thanks to
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Michael Buttner
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Dany Joannette

Karim Kochen
Marc-Antoine Lamarche
Xavier Lemaire

James Michel

Pascal Mimeault

Khai Nguyen
Guillaume Picard
Alexandre Pichette
Jason VandenBerghe
all For Honor team
and all mocap actors...
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e~ More Questions?

Meet me at the
Ubisoft Lounge
West Hall 2" floor
from 2PM to 3PM
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